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Thermo-couple hole

A • Boss section, 3 •" Disk section,
C : Rim section, D : Gutter section

Die profile for forging disk with 
boss and rim.

Forging preformUpper rod

Upper die. 

Susceptor- 

Lower die
Backers

Lower rod

Structure of forging apparatus

Appearance of testing apparatus 
during forging.



Mod. IN-100, r= 1050’C

k =2X 10"'

2X10

Logarithmic strain

Stress • strain curves for 
Mod. IN-100 obtained from 
isothermal simple compression.

m Mm# - Df

D„:D.:H„=6:3:2

- o h
“ -60

Deformation <p!°/o 

(b) Effect of die materials

0 6 o 11
_ o 7

Deformation <p!°/o 

(a) Effect of lubricants

Frictional shear factors obtained by isothermal ring compression. 
Material marks shown by numbers or alphabets in figure correspond to 
those in table 2, 3 and Ni mark points show Mod. IN-100 ring specimen 
and other no mark points show Ti-6A1~4V.

H4



S —0 mm

S =4 mm

S —6 mm S —6 mm

S — 2 mm

Folding;'

5 = 8.5 mm

(a) Wo/Do =0.76 (b) HoiDo = 0.36 (c) Ho/Do = 0.20

Schematic flow patterns in forging for different size preforms with 
constant volume.
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Appearance of ceramic die in actual use 
Outer diameter of 250mm

Forging product by ceramic dies

•yg]8 -t 7 ? % gnc a tm m a
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Die materials used.

'Vvv\Comp. /%
Material — C Ni Cr Mo V Co Ti A1 B Zr W Fe Others Processes

R
ef

ra
ct

or
y m

et
al

s a TZM 0.1 
—0. 4 Bal. 0.4

—0.6
0.5
-0.9 Powder

i .
CIP

i
Sinter

b TZC
0.7
~1.3 Bal. 1.0 

— 1.4 0.25
-0.35

c MHC 0.6
— 0. 7 Bal. Hf 1.0-1.2

d W-2Th02 Bal. ThO:2.0

Su
pe

r
al

lo
ys e IN-100 0.2 Bal. 9.3 3.1 0.9 14.7 5.0 5.5 0.015 0.07 0.60 Cast

f TRW-
N ASA-VIA 0.04 Bal. 6.0 2.0 7.5 0.95 5.6 0.01 5.7 Ta 6.5, Re 0.2 

Hf 2.0, CbO.5

C
er

am
ic

s KS1C Hot press
Hot press 
hep structureh BN

*2 L /=fflriSI

Lubricants used.

Glass Graphite BN
1 Deltaglaze 19 (w) 5 Deltaglaze 27 (re + xy) 8 Deltaforge 21 (w) 12 TK-12497 (w)
2 Deltaglaze 69 (w) 6 Deltaglaze 349 M (re + iso) 9 Deltaforge 31 (w)
3 TK-12759 (w) 7 Deltaglaze 29 (w) 10 Deltaforge 144 (w)
4 Deltaglaze 347 M (iso) 11 Deltaforgel82 (w)

(Carrier and binder) w : water, iso : isopropanol, xy : xylene, re i resin.



3

Isothermal forging properties using various die materials.

Atmos
phere

Die
material

Die strength
0 0.2 Frictional 

shear factor
Die

filling
Oxidation 
of die

Oxidation 
of backers

Removability 
of lubricant Chamber Heat power 

consumption

A Ar TZM 410 MPa
1 050‘C 0.13 0 © © © Need 100V x 45A = 

4. 5 kW

B
Vacuum

TZM 410 MPa
1 050*C 0.13 © © © © Need 78V X34A = 

2.65kW

C W-2ThOz 450 MPa
1 050"C 0.13 © © © © Need 77Vx33A = 

2.54 kW

D
Air

IN-100 245 MPa
1 050'C

0.15 © A X X No 117V X48A = 
5.62 kW

E SiAlON
3 200 (c)

830 (b)
MPa. RT

0.12 © © X o No
118V X49A = 
5.78kW

c : Compressive strength, b : Bending strength, RT : Room temperature, Good : 0—A— x : Bad.
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(w t %>si

A) loy Co Cr Mo W Al Ti 4b+Ta C Zr B Fe Hi

ReneBO 9.51 13.94 3.90 4.06 2.96 5.02 - 0.16 0.04 0.01 - Bal.

1N738LC 8.63 15.99 1.71 2.52 3.32 3.38 0.48 0.1 0.08 0.01 - Bal.

IN738FC 8.20 15.60 1.65 2.59 3.23 3.33 2.65 0.007 0.10 0.01 - Bat.

TMP-3 6.98 10.82 3.11 3.52 3.81 2.83 3.93 0.07 0.05 0.10 0.06 Bal.

A-l 9.89 14.20 4.06 3.81 3.01 5.06 - 0.002 0.04 0.01 — Bal.
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04 #E#as rol ledfcJ©jSjSS;?'i8U8®®®
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(^^>Sail50°ClS^E^2kgf/infl.21^^^raih,^^S:1200oC5h->1100oClh)

Base
metal Ribbon metal

100pm

016

(S^)SJ$1150oC1S^E^2kgf/fflR.2,S^Beraih,^5g!ai:1200oC5h->1100oClh)
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RENE'80

ACTIVATED DIFFUSION 
BONDED JOINTS

t8:Hoppin6(C<k5etm®

50 52 54 56
PARAMETER =T(25+LOG t)xlO

58 .

019 Hoppin6 0)Rene80$2;Klj$-6'iiStSttRene80iSS2U),*9f%<»}gn-iS® 

[ titilSl :G. S. Hoppin and T.F.Berry,Welding Journal,(1970)p.505-s.]

• :Hoppin6(C<fc3>j$n'5ii®x H^:Hoppin6IC<t?)Stt5i®,
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1. &MW$im§£<Z)SWt

1.1 guaw^rafs® ii

®$t®«8li™T'. 300r©SMif (CSV>T. 28kgf/m2 /g/cm3 SUhtoltSSS:

#u. (bs

&##u. teEsiFto-r-a.

1.2 i&M&ip&agfeftWvjU > h

03*6 O^g :

83*6 : ag©liSS$:liV’'/h^^Bg%SU:StfSSi:@Stt#6^egg
#®#8^

88* 6 2l#g : 850°C-emmig'%»^AR#fB&(EPMA ^-5tC*o<) @BE

88* 6 : E*(9$$S:$!lJ Atifc^^te^-^^EffEcOSeSS^^ y-7

1.3 &mffi$zm%<Dmm<Dtf'f > h

(1) ur. Bamg#&±a-5#fk0GT-33^A&#^L&.
(2) V. GT-33£:£&±@5!Hi£@GT-45,46,60.$.O:61^ffl

S^&ggfg Ufc.

(3) @li$50@JAi''E»^tc«d<££15

(4) ®S$:St,’S-5cS^^<»ffl¥$05t*5£&5ISVfc.

1.4 @SjT.fcB8@S2:^@®9iSK

(i) raiSBSttaiSbfc^. $i8tc®Lrti. ? y-y&s.
$>■£)„ 4-%c60f-2a!&gg#&5.

EPHAicJ;-6»tff^Hil*c:-J^zfaV^O HcSvTti:, 

££»?HcJD(y Aft'O''*^,,

&m Sr-ati’^-ic^T i £j6©*¥E®#tS5S£«£1--5&3g;tf';&.5,,
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2. &3ffl0f£gB8^©

2.1 E#

E5i$©-jcSyi®0tcSo<AElcinx.T. 

afflt tc«-5< B$a.t5@fiiegH©J£v'E©^tc«o<CS

©g8%$ffofc. Sfc. ^S:®@StiHftil&tit300rtceit55l5S^6lC&l5-rS' 

itE)£. S.tfE&to^Stc-ov'-TgiSf&fft,'. #63%fctoSlc$-5i'«-C-S'S:lg%6 

fiofc. S 61C. ^ A©#m ±mA 2: <7 V -SS^mcov'TS 

t& b3 & fr -o fe»

2.2

(1) afflt Pt8<D#Vr&0i-r-i*£S’3<-£&nttBm<DBam
smc7jx^"2oaE©^^icov'T. 9oo°cxih-yQ©E®a^. epmaic <£ y 

afflt PffleEfiK^tfr&ffvx -scaicj:

<j. 9oorr'@ffl»r8g&^^i$tf-Bai0gii$s:t?ofc. *&. @@&#@©#m 

{l;S:0afc»lC(±85O”CT'Rff^-^tf^©c:i:^Bfl^i*ofcfc»,a2lciS-r 

15as©^&&ii I't.850-C-C'MiS BlS8*^^IS»t-B&©ii^&fTo fc.

(2) E*^tcSd<^^RH-Cz6©Bg%

Hillert lC*-S>i@EIijS*ES[(l)S]S:j5V'-r 

,■ IA¥l:Sd<ffifS®tfSS[ca] ©SSilttlccn'T. AE&tfBE^Jt 

gt5;i tc <k ‘J$SstU£:„

G=EXi G,+ ERTX. lnXi + EX, X, (A.j+Bw(Xj -X, )> (1)

(G: fil©6 6x^;iyjr —, Xi : i jtSS®,

Ai J, Bi 4: i i: j©ffi £fts 18 A5 ^ )

(3) 300°C ICStt £ 315B»t±lz&l£t P $SlbjrStt©®$

afflt Pffi©ffiit;tfl:12:&5&g&8EJfe©9()(nc(GT-5~16) >6. 850°C 

(GT-33) . 800X1 (GT-45) . S.XH50X:(GT-46)<h 1ST S * 5 CL 2; 1C <k V.

mi&&m3ica-#-.
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(4) 300rtc;fc't?-5§l§»<Si$t::st$f-3-Sffl3$. 8*B?cDgi

-Zkaffi@»8l*(Va) . @S3Hkg(dDE= ) . tog 

(da) JUflH ) &$©. 300oClCStt2>§l3l

$$tt£©B8£&u:ov'-t&l* b£.

(5)

V a =0.5 <b & 5 IS If & K # 900X1 (GT-9). 850r (GT-33) . 800r (GT-45). 

Xtf750r(GT-46) X$>Z>mM<D-£± (83#E) SlStf b. 750~950t® 

6.7X10-4 S-‘ffliMtfflMSSffofe.

(6) 5$g©fftSi$:§:ffi v-fc-a AMS!

affl©0i§5$-fbg(dDE« ) &rf #*©m?/a?lt(e/a8 ) A'b300TClCfe'tt 

-5§!##&&AiStcJ; U850 rT'Va=0.5^&5GT-48~ 

61©8AA (84#E)§:iBff'b. FttimSbfTo £.

affl©B?83$lfc£(dDE“ ) RX?&mm(Va) ©$&2>GT-73~77©58S@ A 

A (85#E)$:K:ftb. SOOt:. 28kgf/™2 ©=S:#T'? V-l/tif&eFtt&ff 

"3 fc =

2.3

(1) affl£ ^«©S-tffffl^T-iitC$d< AAS?FBi$@gi%

® 86.&uWtC;R-r#ifrffij£T- 5 tcXo'S. 3?8,9tc*-r0ffi©:&gs£fi.Or&

5tS©^->EitS5<©. 900t:l:Btf6AAXS#B&&M%bt.

@ 0g % b B z£ £ =k2> 900X11C £115 a%©#a#acf#^*©a%A(f f %/\©

(810,01 ~3#E)

® imm©$@X850X:l:£W6B&&Bg^b£. (811.12SE)

® 850XUC&#6B8U:j: V. AE^jtX^il&ti-SE-e©lSl±^#e>^fc. 
(813#E)

(2) St»^lcSd<-6AS$HtCac©l!8%

® C&l:a*©*6!#©Fm#&U:&7c#*©^Eltli.
Sbti'fc. (810,01 ~3#E)

© P iH flij S (* ffi «tc ck -2) E © # 6<J * til r-. ^5£%TiAA©a- PffijpS&yj'^US.

i,' fcf S? T' F ® X' % 2. c: t ft t> fr o fc.

3



(3) 300°C££tt5 5l3S#EtC.&t$"'t PSS-ffciciiifl:©®®

® j3SS^$SD%S»©jSina:±ttc5l5S®St±l9±U. HISIS?£±!s!-5«f£© 

GT-45&^46^AA'#6A6. (04#E)

(4) 300rtctitt5 5l$if»ti;lcSt$1-#aE^ • EtEB?©%#

® $141CS't-*aE8B • ffij8H^2:5l5Bt»t£©Hmcoi>Tffi@*l#tfr§:m\ m 

T©E#&&#&.

(7 u ( kgf/mm) =207.2-318.29-7 a +U9.43-V a -dDE“ +178- (1-V a ) • (e/a5 -4) 

-19.0-(1-V a)-Tag/100 (2)

El ($!)=-19.88-39.28-Va + 13.08-dDE“ +2.95-Tag/100 (3)

© jSffifflfflSSttlte/a & mx-mfex:f

(5) @Ei$#S2lKthiaig©M@

® ssorjU-FtoSSr-ioo^ssx-a^STkWtf&sufcdassjis).

© #lc800°CJ%T-e©±#

#il*ot(06#8) „

® mB^^BaSSt/VatoggSlC-OV'T. ffilsDiSr&firiCj; U&gfLfc&jftC (4) 

it 1 822r-CVa=0.43i*.5^^:Omffi^&^t*-5r 

m=-17.128( 6-1.095) 2 -0.514CVa-0.426) 2 +0.422 (4)

6 : $m&S(KXlO-3) Va : affl©#S¥

(6) §$&©}!£:£$: 19 v> £££6851

® IS#t^^ftJdDE“ a.t5e/aS *l&ic©GT-60S.l/61^^li,

XtfSX. GT-45 &t/46^&$±0ildf#i£S:SU&(ia7#E) .

© &S1k£i>. 850t;r'5502$:®x5®»r#tf. A(f20MPa <k U d'S V'&*$SlS 

/JiiU. (3il5#E) ®^fc@Et£f9tt6W1"-6C 2:

(7) ?

® dDE“ RXfV a < &5g. U-7°SCi!liS'r-6*'C©B9(iat±ft< *

*J. S' D-:/!$!£bfc (315. 16SE) .

4



(s) a**a*@K@

68, 27. 102 AA GT-69,70,71 (# 17) tcovT, 500 r. 3

SB HAS. Si$@ 1.67x10-%-'. AS® 0.5, 1.0, 2.02

SIPtiLfc, (H8

#M) . afflfi.t5/9ffl®^i£ -

0) m#®m#

® ^E#$®S6h

a -$$lb%Sr-6-6®SSAAI$fl!£ic$UAj%5fc»ic. ESffl^tfr#£6 

Hjgbfc (0 9) o

® ®s&$6ij (cm) ®m#
Hillert i Staffansson ©BltSd^H-r^VS:® V>T. ®S&"S'ti'S-%ST i A 

A( Ti-Al-Sn-Zr-V-Ho-Cr-Fe-Ojfe) ICfe'^S a - /3ffl¥i6lC»-#'-5CE§:-fM'r

&tfSX£ (010) o E PMAlc<t5^11ffia:B<-g(Lri%,

3. HF3^®@SSffi@08%l6l9

*l!:fit'Ttt. T1-6A1-4V AA®@@a#&0%m. =
MJnXi£lC@4xfe@iSttTiAA®ga^^^^*-e>^-0''-5. Km&&A&<D§g%MZ

ra%
AA* MM -

r %
SA$©15^

kgf/am2
SP35 1987 # 700 300 6.0
T1-6A1
-4V-2N1

Rockwell 1983 ip 815 720 1.3

6-2-4-6 TIMET 1966 # 850 1400 1.5
GT-G0 1987 ^ 850 552 2.2

•AA=S 300 “ClC&'Wo?!5H43t£
5laR5£E
(kgf/nra2 ) (kgf/ram2 /g/cm3 ) (%)

SP35 100.0 -23.0 18.0
1642 - 93.0 21.0 20.0
6246 -112.0 -25.0 7.0
GT-GO 139.6 31.0 12.7
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si i 900°ccA»^AAia:tB

&£<D\t¥$& fS. (at%)

Alloy Al Srt Zr V Mo Cr Fe Ti

GT-1 . 7.7 0.7 — 3.9 ——— — bal.
GT-2 6.8 2.0 — 2.8 — —— — bal.
GT-3 8.1 — 5.9 2.1 — — —— bal.
GT-8 10.2 0.5 1.8 0.5 0.5 1.1 0.8 bal.
GT-8' 10.0 0.6 2.0 0.5 0.5 1.2 0.8 bal.
GT-9 10.1 0.6 1.9 0.5 0.8 0.8 0.8 bal.
GT-10 9.4 0.5 4.6 0.7 0.3 0.6 0.6 bal.
GT-11 9.5 1.0 2.8 0.5 0.3 0.5 1.1 bal.
GT-24 11.5 0.5 5.4 0.6 0.7 0.5 0.8 bal.
GT-25 11.8 0.5 .2.9 0.6 0.3 1.5 1.1 bal.
GF-27 11.9 0.5 3.0 2.0 0.3 0.5 1.2 bal.
GT-2 8 12.0 0.5 2.9 0.6 1.0 1.1 0.9 bal.
GT-29 11.1 1.4 2.9 0.7 0.3 1.5 0.7 bal.

6AI4V 10.2 —— — 3.6 bal.
6242 10.9 . 0.8 2.2 —— 0.5 — ——— bal.
6246 II. I 0.8 2.2 — 3.1 — — bal.

TZ-1 5.8 — ■ ... 1.2 0.6 bal.
TZ-3 12.6 — — 1.2 3.2 —— .— bal.
TZ-4 8.9 — 2.3 1.1 —— —— bal.
TZ-5 11.6 —— — 2.2 2.2 — —■■■I. bal.

$2 850 °C t= ti" 3 !S!t B Em BfliFi

<at%)

Alloy Al Sn Zr V Mo Cr Fe Ti
GT-5 6.4 2.7 6.0 —— 0.5 _ bal.
GT-6 9.0 2.1 3.7 — 1.3 bal.
GT-12 9.6 0.7 3.7 0.6 0.3 0.6 0.7 bal.
GT-13 8.0 0.5 3.6 0.5 0.3 0.6 0.6 bal.
GT-14 8.1 0.4 2.7 0.6 0.3 0.5 0.8 bal.
GT-15 8.4 0.8 1.8 0.7 0.3 0.6 0.7 bal.
GT-16 10.7 0.5 5.4 0.7 0.3 0.5 0.9 bal.
GT-17 10.7 0.5 4.5 0.8 0.3 0.6 0.8 bal.
GT-33 11.4 0.5 0.5 1.3 1.4 1.9 1.4 bal.
GT-45 11.0 0.3 0.5 2.6 1.2 2.3 1.3 bal.
GT-46 10.2 0.4 2.7 1.4 1.2 3.2 2.3 bal.

6



m3

Alloy A1 V Sn Zr Mo Cr Fe O Ti

GT-5 3.6 6.3 12.1 1.1 - - 0.09 bal.
GT-9 5.7 0.5 1.4 3.9 1.0 1.3 1.0 0.12 bal.
GT40 5.0 0.7 1.2 9.1 0.5 0.6 0.7 0.11 bal.
GT-11 5.2 0.5 2.7 5.5 0.6 0.6 1.2 0.12 bal.
GT-15 4.8 0.7 2.1 3.7 0.7 0.6 1.0 0.11 bal.
GT-16 6.0 0.6 1.1 10.6 0.5 0.5 1.2 0.10 bal.
GT-33 6.5 1.4 1.4 1.0 2.9 2.1 1.7 0.11 bal.
GT:45 6.4 2.9 0.9 1.1 2.5 2.5 1.6 0.11 bal.
GT-46 5.7 1.5 0.9 5.1 2.5 3.5 2.6 0.16 bal.

14 r»1Sg6£Olt3iSfix(vt%)

Alloy A1 Sn Zr V Ho Cr Fe 0 N • c H Ti

GT-48 6.31 1.68 1.84 0.54 0.53 0.52 3.04 0.10 0.014 0.010 0.001 bal.
GT-49 6.24 1.56 1.82 0.74 1.13 0.49 2.33 0.10 0.013 0.014 0.002 bal.
GT-50 5.88 1.52 3.85 0.73 0.51 0.49 2.31 0.10 0.011 0.036 0.001 bal.
GT-51 6.06 1.52 3.90 0.53 1.13 0.49 1.95 0.10 0.011 0.017 0.001 bal.
GT-52 6.56 1.06 1.01 0.90 3.57 0.49 2.81 0.11 0.010 0.024 0.002 bal.
GT-53 6.91 1.03 1.02 0.90 1.51 3.20 1.33 0.11 0.010 0.028 0.002 bal.
GT-60 7.16 0.47 1.03 1.79 0.51 0.86 3.17 0.10 0.011 0.027 0.004 bal.
GT-61 6.71 1.31 1.97 1.97 0.49 0.59 2.69 0.11 0.011 0.015 0.004 bal.

^5 MaA' .

Al loy A! Vi Sn Zr Mo Cr Fe 0 N v« dOEa

GT-73 7.78 2. 02 0.37 1,93 2.71 1.78 1. 82 0. 13 0.006 0.29 2.64
GT-74 7.87 2. 95 0.53 1.04 2.04 1.01 1. 61 0. 15 0.007 0.32 2.55
GT-75 9.37 2. 34 0.83 3.08 3.88 1.27 2. 19 0. 14 0.006 0.30 3.22
GT-76 10.94 1. 64 1.07 3.17 2.09 0.64 1. 05 0. 11 0.006 0.69 3.27
GT-77 10.69 4. 26 0.99 3.42 2.18 1.91 2. 36 0. 12 0.007 0.26 3.72

Va : The calculated volume fraction of a phase at 85CTC 
dDfia : The calculated degree of solid-solution strengthening, of a phase 

at 850 “C
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me (at%)
Alloy A1 Sn Zr V Mo Cr Fc Ti

GT-1 9.27 0.63 ——— 1.59 — — — bal.

GT-2 8.27 1.83 — 1.24 — — — bal.

GT-3 9.65 -■in . 4.43 0.78 — — — bal.
GT-8 11.80 0.47 1.55 0.43 0.04 0.07 0.09 bal.

GT-8' 11.00 0.47 1.59 0.37 0.04 0.22 0.08 bal.

GT-9 11.50 0.46 1.64 0.41 0.08 0.11 0.10 bal.
GT-10 10.52 0.45 3.81 0.48 0.04 0.06 0.08 bal.

GT-11 11.09 0.85 2.31 0.40 0.03 0.05 0.13 bal.
GT-24 12.23 0.39 3.51 0.49 0.04 0.04 0.08 bal.
GT-25 13.84 0.45 2.43 0.48 0.01 0.24 0.13 bal.
GT-27 12.75 0.44 2.00 0.96 — 0.05 0.10 bal.
GT-28 13.05 0.40 1.62 0.50 0.03 0.13 0.11 bal.
GT-29 12.03 1.31 2.15 0.49 — 0.18 0.07 bal.

6-4 11.30 — — 1.64 — — — bal.
6242 11.64 0.81 2.07 — 0.22 — — bal.
6246 13.24 0.78 1.88 — 0.33 — — bal.

TZ-1 6.93 _ — 0.70 0.07 —— ... bal.
TZ-3 14.59 — — 0.71 0.32 — — bal.
TZ-4 10.24 — — 1.22 0.13 — — bal.
TZ-5 13.15 — — 1.08 0.22 — — bal.

z%7 Z3ffl<D^h^lSfix©EPMAKj:5^yf(i (at%)

Alloy Al Sn Zr V Mo Cr Fc Ti

GT-1 6.93 0.70 5.10 ...... . —.. .1 ____ bal.
GT-2 6.15 1.95 - — 3.75 — — —— bal.
GT-3 7.44 — 6.41 2.18 —*— — —— bal.
GT-8 9.19 0.49 1.82 0.80 0.66 1.38 1.22 bal.
GT-8' 8.51 0.52 1.97 0.68 0.66 1.40 1.12 bal.
GT-9 8.61 0.51 1.88 0.78 1.03 1.12 1.23 bal.
GT-10 8.25 0.52 4.74 1.07 0.40 0.65 0.76 bal.
GT-11 8.51 0.85 2.96 0.79 0.41 0.61 1.36 bal.
GT-24 9.32 0.43 4.46 0.93 0.92 0.58 1.10 bal.
GT-25 10.96 0.48 2.26 0.95 0.27 2.02 1.41 bal.
GT-27 9.75 0.42 2.40 2.22 0.28 0.63 1.43 bal.
GT-28 9.76 0.44 2.27 0.67 0.95 1.11 0.95 bal.
GT-29 8.78 1.40 2.37 0.79 0.27 1.51 0.73 bal.

6-4 8.44 — 5.72 —— — bal.
6242 9.22 1.01 2.54 ------- . 2.51 — — bal.
6246 10.50 0.83 2.11 — 3.79 — — bal.

TZ-1 5.32 —— 1.72 0.76 ....... . _ bal.
TZ-3 12.16 —— 1.52 3.56 — — bal.
TZ-4 8.00 — — ■ 3.26 1.58 — — bal.
TZ-5 10.49 — — 2.78 2.75 — — bal.
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^liM%) = 2.192 + 0.468%% + 1.017^ + 2.078%% + 1.891%% + 1.271%%

or* o.ll 0.01 0.00 0.08 1.56

Multivariable correlation coefficient for 20 alloys 0.946

* The level of significance for each coefficient (%)

#8 ck

9 #6 7(O'f - ^ ^ ^ ^
^ToScD^-sdkb

Cju = 1.363+0.012%%+0.016%%+0.009%^+0.030%% 

a* 1.6 16.6 8.8 1.5

Multivariable correlation coefficient for 12 alloys: 0.788

Cg* = 0.595+0.077%%+0.048%^+0.065%%+0.186%% 

a* 2.62 0.68 1.44 0.13

Multivariable correlation coefficient for 14 alloys: 0.834

eg, = 0.686+0.045%%+0.124%%

<r* 7.6 0.85

Multivariable correlation coefficient for 13 alloys: 0.721 

Cv = 0.475+0.021%%+0.068%{r + 0.018%%+0.039%% 

cr* 9.8 0.01 ' 13.3 11.1

Multivariable correlation coefficient for 18 alloys: 0.875

CMo = 0.08, CCr = 0.09, Cy, = 0.10

* The level of significance for each coefficient (%)
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# 1 o

Alloy

v.

Observed
Calculated

. A B C

GT-I 0.30 0.42 0.25 0.37
GT-2 0.41 0.43 0.36 0.51
GT-3 .0.16 0.51 0.21 0.27
GT-5 0.31 * 0.52 0.004 0.26
GT-6 0.46 0.45 0.36 0.58

- GT-8 0.32 0.48 0.28 0.37
GT-9 0.40 0.48 0.31 0.36
GT-IO . 0.37 0.49 0.30 0.32
GT-1I 0.33 0.47 0.34 0.33
GT-12 0.41 0.50 0.32 0.35
GT-13 0.29 0.42 0.19 0.27
GT-14 0.31 0.47 0.27 0.31
GT-15 0.37 0.50 0.31 0.37
GT-16 0.25 0.51 0.37 0.33
GT-17 0.36 0.53 0.37 0.35
GT-33*1 0.37 0.36 —■" 0.28

• GT-45*1 0.31 0.51 — 0.36
GT-46*5 0.33 0.47 — 0.29

3 • 0.13 0.08
(0.06)*<

0.05

sd 0.087 0.068
(0.034)-“

0.038

A: The method based on Ti-X binary phase diagram 
B: The method based on composition data of a and fi phases 
C: Thermodynamical calculation
3 : Average difference between the observed and the calculated'

K;

3 — (2 1 observed —calculated ( )fn

sd: Sample standard deviation of 3
*l at 1 123 K, *- at 1 073 K, « at 1 023 K
** The GT-5 alloy was excluded in the calculation.

TO



j 850TIC:%#3 #

XaiB (at?) = -1.0675 + 0.6714X2rS + 1.6795Xv e + 1.6890XM„C
+ 1.1283X0.0 + 1.5142Xr.s

20 1 5
a ....... ....  ..10 10

Multivariable correlation coefficient for fifteen alloys ' 0.88
* The level of significance for each coefficient «).

m 1 2 850“C(;fe‘«t5<&7t*©

i A1 Sn Zr V Ho Cr Fe

Ci 1.38 1.05 0.91 0.34 0.06 0.12 0.044

# 1 3 #A^(D850T<:^t±e afBCDMKm

Volume Fraction of a phase at 850 *C 
Alloy Measured Calculated

Method A Method B

GT-48 0.41 0.51 0.46
GT-49 0.43 0.54 0.48
GT-50 0.50 0.53 0.46
GT-51 0.42 0.56 0.50
GT-52 0.24 0.47 0.27
GT-53 0.24 0.42 0.38
GT-60 0.34 0.47 0.36
GT-61 0.27 0.47 0.36



at 1173 K

.~Cr—Cr—.^Ct—dr"'

<x

| Observed

A CalcuIatedtA) 
D u (8)
o *' (C)

1 3 4 5 W«$:

0 1 Al, V KVMo©#B2tt©5li!ijffikA?2A
b iisifc mz j; 5 t-m«©]±!j$

• Observed 
A Calculated^ 
□ // (B)
o // (C)

- Q02

02 Sn &UTe©#Bitt©sli.8lJllifcAi£s
BiiSVCi$(C<k5ltS E©hkS
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at 1173 K

..-O-------0--0—-O-..

— ^ Observed
— A Calculated(A)
— a // (8)
— o // (C)

..o—o--- o—■0*"0--o--

45 46
N> CD •

Alloy

3 Zr

OGT-9
Target

AGT-45
□ GT-46.

X Commercial 
Alloys

20 25 30 35
Strength — Density Ratio (kgf/mrrf/g/cm3 )

(El 4 AcdSOO'CC % 31^#%
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E= 6.7x10 s

GT-9 o
GT-33 •
G T-45 A-----
GT-46 □

&30 850 900
Test Temperature('C)

6=6.7x10 s .

GT 9 o
GT 33 *
GT 45 A-----
GT 46 a—-

Test Temperature('C)

@6
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%
 )

# 1 4

Alloy v* da(um) dDEa e/f
GT—5 0.30 3.0 2.08 3.96
GT—9 0.29 2.6 1.92 4.02
GT—10 0.29 2.6 1.94 3.98
GT—11 0.26 3.5 1.97 4.01
GT—15 0.32 3.2 1.74 4.00
GT—16 0.36 3.2 2.11 4.00 '
GT—33 0.37 1.3 " 2.28 .4.06
GT—45 0.31 1.1 2.21 4.12
GT—46 0.33 1.1 2.25 4.16

Vg: volume fraction of primary a phase 
da: grain diameter of primary a phase 
dD£ff: parameter showing degree of solid-solution strength

ening for primary a phase
e/zP: electron-atom ratio for prior /? phase due to group 

number

at 300 "C
E=3xl0s Target

.GT60

6 *2*4*6

Strength Density Ratio ( kgf/mrrf/g/cm3)

IF17 A<D300"CC ^ ^ ^

15



si 15 Bfls-s-j&ogamett

OtitySK 850’C. ffi®g 6.7 X 10" $-')

Alloy El. (%) CT max (MPa)'

GT-48 610 11.5
GT-49 604 12.0
GT-50 566 10.5
GT-51 616 10.0
GT-52 650 13.0
GT-53 536 13.5
GT-60 552 21.6
GT-61 662 13.5

S 1 6 Ra%-S-&©» V -7'Stt
500"C. ?9M 28 kgf/mm2)

:500°C — 28kgf/mm2 Exposure
Alloy Time to Creep Deformation, h 

0.1% 0.2% 0.5%

GT-73 0.33 1.15 7.00
0.30 0.80 4.17

GT-74 0.80 2.80 14.17
0.40 1.05 4.88

GT-75 0.50 1.30 6.58
0.65 1.65 6.81

GT-76 1.05 3.30 19.60
0.47 1.75 13.50

GT-77 1.50 4.80 27.50
2.40 9.20 45.50

16



Ai loy AI V Sn Zr Mo Cr Fe 0 N Va dDEa

GT-69 8.49 1.23 0.52 0.99 0.35 0.51 1.76 0.11 0.005 0.68 2.43
GT-70 7.20 1.78 0.49 0.85 0.43 0.91 3.23 0.15 0.005 0.27 2.30
GT-71 6.78 1.84 0.51 0.97 0.56 1.10 3.88 0.15 0.005 0.10 2.28

Va * The calculated volume fraction of a phase at 90CTC 
dDEa Z The calculated degree of solid-solution strengthening of a phase 

at 900T

(wt%)

773 K

o 69 *
a 70

Cycles to failure

18 8.

17
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nssrj «f*fe eFq rt^ U ifEH 5cEz: Jt£l ^?F 5^

(#5 3CZI g==3

$gS3#=m%Z f^T

hMzrrz^^ 5 ^1
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g« : ea5Sl5S*$»5S5RSfflt4K(6

: mm
1.

1.1 ElflE%»a%OBS 

0)

e*b©56i*^ urge's zooAun ar, f

©esi4«tt^is^/c„

c6?<K v ma®H i

SIMilt.

(2) esttEifisifi

0 lSOmovEiF-U/^-f Xd7ES<D$S$ICSl5g> 3S^Sif*©Hff £?t X fc©tg|§:{!i£Kl+, 

$M4U 0 400mm<D7t;xflg5r^ Xi>, MW^-r x9 A£< c©/r<fc©sse

c £ s-i o /c„

Zlc$sSttS)S8©itB«Hlt$«e$ti2:Ur> »m5xM&lc 300°Clc$jij-5ti;5*E28kg 

/mm^/g/cm^km), #^10%

1.2 ?$fflSi¥S©3l$6ltB©/14'i' X h 

0)6 0^8

ntoMSSSiSSE = E!UiS¥®$S*$®$xT5fi%S£GT-9i5}5F<D§tiSR8i£?7x<,

tossiissEsssu, s«©isi±^a«.

2)$iS14^iSt$$i : *SS$8$ytgBDDo<0$SSt4SSyu 7 * -AlSff, EiI^SSS- 

&Stt-5£Alc*S$gSt4EiSB©f$M£(TX,

(2)6 1 $8

naetosiysKE: m%ss;gt-33 ©#m@xA$©m±£emeii:&igMTs.

MM$t4, iSSti-ifiScDSgix-^6iEBT-S„ o)KSSXL/X 

Ic J: IJ 4tU«Bttp°a£«s:Lfct«•(Txo

(3)6 2^8

immmwmm maim^s^/co



2)S$Stt®iIKffi = -0i@E14ESB!lcEiSti®6$(fc£to<'7c&<DS?B9ilEe£i§lf

m<%TZc D)±ES<®^ffll'T^S400mm

AseRM-mftu. y*-Acisatisgs^ff-s,,

«> ss-sny u x ic <t y ast® 1*5,^ & ?t e> 0

(4)6 3 4£Jt

iiaeto^sistsifi = lu^ssr-cDEmicso§, »sfasneis3s©affisffi^5s

52T -So

2)@®4®@se : ®yfice-5§, aw> too
X»ftS!6I6i+, SHtU, ®^7"U 7*-jUO

$sggi4ig;s£?je>o

1. 3 i8*fl@f35M%<D|gtt<D*-i' y h

luIfiiOTL/cto^giiSSEllcEj'S^tox, t'Vv MH)is%©®«iBS)SE;MEUrc„ Sic 

0te*«i«*©;E-^isf)*'e>®a^7 u >yifflicgxito R^gmmmicmm^y v 

UfctotiSB<tSSr-totorr-iBdi>o c©$SS> I4S(S-ug»<ii*V, t'u 

vy hES, 0ESftlc±4ig|cig))DUfS7c„ C(02ISPg<05feSlc<j:-5TS$64llcSS5Jt^* 

^©sptijSgti;, 180Aim A\6 100Aim ICffiTU, 5 kg//W<Dfc)*S;i;!><pJfi

IC%?fc.

150Torrlc®»5CiA<7'§^o X> ft)3fc!RS«£S£ 

c©s§g, fc)5F<o;%$Pi$smo2-3 "c/s^&io

,-5 "c/sicigSDU/ci#x6n«o

CftbfflSfOH I P&(4&m4L. ffi;S<OH I P IC<£ V 6H 1 Atm iUT<0 PPBC'J; 

^7'J7»-A^ilfc, SEEttti 850°C, 5 X10“4S ~'Z-m. Skgf/mm2^.^ 1 kgf/mm2 

(SStUXco 

toilSgtiSSiSSE

h i mmmmicj:ummssa^miSL,

■5C<!:IC«toT$®}g6t$«2/3 lcETU-55Ccb$RtijUfc0 CttttigggtigiBIcfcl,' 

Tx ®ifcto<7)$$e$ 2 ~ 4 e®«<t u 5 5 c. i •$> „

0 1 SOmm^A/ir ^ X X ISiSOx-X ICSO'S, K^ilgfSro5gSttEi®<D/c

mmmm, SHRse^isit, swu <t> 400mm,-K x#§ ^ .< x x u /c„

— 2 —



«tt£2j?*T3fca6cD2fTfSSSiI«-?To;t„ 

©3.4ei%cfc„ KttF-f X^r-tt7.5<g£»-5„

WFfi$*;4lc j:a £ lv- -> 3 y*<prtg<t 5: y x ±tE2?TfI4gJg©SJj*£

51S1--S ct 5 lc& o tzo
<t> 1 SOmmHttX-< x X fjEU/Co ilSttSifilc j: y^S»*®S)b<nx./c„ c®em

icg-xg&g^isn-, amu <t> mmrntt?*T.zitm'ti.tz* 

@SttaSjfi-S»<tmS6ti©£-1t'f XT Plc«t-B tt!4;J128, 7,

#vn.6% ctBilffiSiSETSEldrMT-Sfco 0 400mmX'f XX?ld#TW6 -7%6B# 

2ic<tutfty8 ~sitaagaicars<ba<»k> nfc„

2 ng®S8T-ti7KxSg<0M14, X V

1.4 asnfcPpiH*i-e©pais 

(nmsto^iSK®

X^XVIcjrSt'Lyv hSe$#<b@emc>7>/<5'yxa@^C>ffiB56qi*-gnTl,' 

fcl'o Xn-fexPff*jElc$sbTeSx tvMSemaU. eg.;^*SiiS$K^§Cc!:*< 

SSKEE: UTtt*/c9:S©^i6A<S<x 4-EcOKHch: UTSoTV-g., 

(2)|5Et$®St$«

igSttl$iSffl<DSSti®«r-mXfl6<St'Ci6<pgHr-iB5o Ctl^S^T-SfcAIC-tz^ 

£-;/£<DEfflS$a€-S«&£S->XXA<Ogfl%6<S3::h.-S>o 

SilXl^lESU, Sy0=0lc$

>RSn5!H5't4*5lguti"rfcto(DSH$ijaeS%*<DMS6<^$X$>5 5o Cfttiny h‘a

3 y^a<osa%icj:u isjigcbSbn^o

xaX^Xo/N’X^XMXXICOl'Tti^fiXFSIlKtoiS^ttiTl.'&tW, S$IJ®&U:

HD Hailed: y Pj#g14*<«> 5 C £ 6<*IJ o fc„

— 3 —



&«9fcoi6H-u/c, zn^mmazm

fflurEs^axUx «t u mti'ezig.mmommzms a ^ *<itB£<*© g m -es -s <, 

f&iffltt, iPJ!'»Ki¥SSTi-6AI--4V SS, SHE® VAS$S6GT-9^ffll'fcSKIcS 

OS, 6 1 U® 2 *iS36SSGT-

33lcg@$#o ko

to^lKiSEEM%r-ti, «fc T«II3£t#TH I PE

ffZttSESStttSttlcdft/cHU 7^-A«l5Ci5§Wi UTXotx%M&RoX:

H-, mu BKfr^t.

$ic, SSHtoEtoHSKItU, B«tt|gT-$>5Sti:5S)l, Slit4£ff 3*#£*<fe/::o

2. 2

2. 2.1 i»mK$#igRE

b'u-7 PtoSiSti, SSttEBES-'XuxEffiHXxXXb-AiF 

lc<t-g,/\-x^P-*[HX'^Xvb-AtFic<fc§(g§i;%inPi;E-;p p'$fiU'-g>-f >d> h;l 

@-»EtttoX(OXgTffo/c0

6 2^SH0 400mmH-f X'7£gifi®jSH£UT&*S;fg*<ig»[lU XxX'VigiltP© 

ZZfrhfr-itzOT-. ¥fflt 300kgV <i> 400mm-f

Xd'y P£SSiI UTto^SiiBfflbV-7 P£Si£Ufco 

EtomUfcXxX'7b-A[B]|5m®i|c<t:5'6)$SiS8e^ffll.'TGT-3, GT-33 

-mm&zn-itzo gs®77X?s, bu-7 p@*m,

icis^asaetraxTbuy p^afOiisnic^-sK^-osiiffltt, tx

v P@E%ICOVTH6 2®S$T-H®S©iS«E<D%fi^(7l\ 6 3^gliglxf> 

pop^iseuzco

aE^©!titti¥«H, m»<Dit^vi<Dm^ws.^ti, e®<d^$i, seme

iWEPMA, Auger (DflSfSiW £?T7> Ac„ 

toSliSUS|i{©SIC3Eli, BS*"Xft, ;£Jt, EX, -:?-2: LT H I P£



?fts mum.mx.vzm, e@ ic j: 5 ssmstise ic « u fc, sa^ai lth^isk

S$IC&l'Tl;t®SJtgi^&IC<fczmmt), mEiMS, ±<WMM.%:n-?tz»

ssa*Eis ic <t3 mimt> & ma® m m «■ sis u fc.

2.2.2 iSSEtiBiS&E

$gatt»S56#Tr-©HiWto^«"x'5/cAlc. K&SUE LXcEKBStH^no

?co E$i^$cb UTHt>r*«s-s:, Hi-s,

%?Tl\ Eifi^S-fSIiUfco 

(2)K8 -f L/ X ic <fc -g. jflSg'ttEifi

tfXttSx-rXX, S#?.fX^©7,7X?;y'y;ErAgS*i?(Tl\ ESSS2, X? 

KH£«rfbfco 0 ISOmmMtt^-f XXESIcyixria^-f XXSSSBXil LT U Agg£

SSSISti, mu/c„ H#$EttiLTS®$E, *VT-tiEEE%e£x <fcU3l^lc

ESSStt, MSSfflXVXtotE^^S.LT 900°C£ U/c„ 

tt?«<iSxyi$n5$T-tt5 X10-3 s-S -e©Eli5 X10-4 s-'iU fgiS*8Ifllc*<)25ti- 

wx u -x°e@lx:„ ccxs or-x-sgtix x xsBdisseemicsjau?to

i) se<Disif -mit

n-m 4oo0©*®SiB®tta=°6eEi4ES-r5/cto<o6S6^@fi, jpSsse, 

saaseroifiit, mt&nofc.

&SE?e«tS©Sltlc$>Xcor, SSfflE

i^fflt^cx u -y5$$n-$6'B&S7j-;i, s$!iatoSE©i§itic

$.ic7>Tti, KiS^OOtigEtiESyuxeffll'TAnifilcSTSH^-XSBiy. cni 

Simi±fl^ffll'rcWPfi$SiS®ffilc«fc7>r0 400mm^^-xXffl&g!©la$M+S$noXc„ 

c<Dit@ic<tyjsw, esftafc j: uAo*mgmx]&*A/co

§Xc46©»pSftt- K£x 4tPSH*;£IC<£oTmtt-5i?ilCx Sftb/i^SKDSEStXrt 

gBic-tr-y h LXcmm^ic j: 7

“5 —



®&b7s©^4-i,'7?;±£ it, x^xx 

t/-A$tt5igt-aO x '>-)\/ttfc„ £S!£ JraSfix -r-iiz^F^iar-sv, 

ssti6tifcAr*'x^^"» ncj:-5TE^icisg5nrc/jxS<DBxiSS^Sor;^inf-sc 

it-, XLyX^&^OABSftix., ;6E@86, txx, EXiX-xXl/^EIl-r-g. ££tc U 

fco *S!?t<XAtt2500m3/h<DX*-*;i/X-XXi7600j2/niinCDD-X U^VAcOt-v h 

1 X10"2Torr$-518H-£ U/c„

ii) * 400mnvKXtt§:F7 XXtoSiS

E»r-l$lt, mufc|gg<£-4000t xuxic«iA*.|S^iii»©0 400mm#:x##A^x 

X^litfFL/co ^isi5off5:K:S'CltlST"Hf'tUT@/c0 150mmS. ~^XXl/X-r XXi(5(5’4B 

tolcU 6SSIN100 T-giSlAco WISHESic <£ -5SSfinSt&imtET)^ Ly->■ 3 

>zm\ SSADlS/^-yS^SU/c,

SgilfflAUX^-Ali, 0210 X125H<O±TBIC01OO X13H 

x£fiaxfc®y;icL/c„ EHli, spi^Sg IBOAzm CDGT-33 H I P»£> JtKWiUT© 

Ti-6AI-4V t"V-y h ££ffll'/c„ H I P*ftttTiS»©S7se®¥*<*l'Ci

»'6vXsa$6#aUT 800°CX1700atm X7h£lXco ;B;#SiJ£ UTdrSICtiB N, X°U 

X^-Alcti/jxX^aTfiL/co KfEiiSiiLT, a»IC£= 2 X10-“ s-’-Soiffl 

fgiS6f7o/c„ ES;SSHGT-33 <D#A 850°C, htK»©Ti-6AI-4V 900°C£ Ufc„

57x RKXlvXICtkSMmSST-te, *Xg|S<DS?JBA<H I PBSfflt't fe/J'S < tc®«* 

tss (PPB) timm.Zfttz<DX\ ,KxgBlc4gS'r5Xy Xf-AgtoS-EiSiST-g. 2?7 

gmmicj: 7'7Xfy2«fll,'7c¥BWA:E7rA18

F E MIC 3;5®gff (c<t 9X2 L/c„

±E<D$SailcS-3§> GT-33 H I PSSffll'T 2 f7?ISgifiS?f o/c„ EiS$ffti±E<0

1 afI®iS±l5]«lcU7c„

iii) <t> 400mmH{47: ^ X X ©ilSgtiiSS

<t> XXCDbtffilceog, <t> 400mmgttA-c XX'xXX-.H'T-7 XL/cfi:

g^Kth SifEU/co ftStiStiINlOO iU XV- Fti<fc U StolCifil'EtttN 30° <9 

W4A, 18° 07-CX hftiU M»li36ftitfco 7'fXhSSt57l7-K5IM 

* Lf -SP8<©tffiaSll&OTS®t>£ Xx XA ~> >ic<£ § 4E^-M/fgSS&tftf-S Ic J: V &1=J t 

/co C®*SmiC&6f t,\T0 400mmg7^txxX»4giSL,/co E#l##%e@l20 A»m 0%

— 6 —



3K©H I

(4)4§14F«

H I P#, tolHO-T*®® 3.3X10"4se

c -'©§l5fiH^r-«tofc„ 5, X 'j

-XtStilib 500°C, 40kgf/mm2 ©X <J-Xx XX +• ®8»iS;Xff« L A„

2. 3 9f%km©$6$$V:#R 

2.3.1 SSSSKIfi

2.3.1- 1 i##

GT-9AA#mmmmt:L/v F©XXX7 2%1g*lc33l\?W, 4 23 7 HC*.> hu x 

VXD-Th-vWffMSnPTA'ofco C©^&li@E%ec UPTV©-?', Ti-EAHV 

8F©«6=fc V XtRXXXU Xx hX;4$'h8 < X-g.§F©2£eS?7o A„ GT-33 lc£l'T& 

IgffMJIBhfcK i8P8t©t§ABg©ilA, 9ISTlfS®MSlcj:5ig;IX-^3S© 

3ifi«TKiH4t«H-p/cfiS< l$ioxSSStia^»Sn, d-7 hFBl©/<XX4=M\8 < &o 

faSl-1

62^S!Ctt0 AOOmmA-f XXSSiifflKHb Lrt85F©ES*6<liSaL, XXXAiSJStp 

©l8XlT-|j;3F3E»r-iB^fc©T-, WtLT 300kgV AiSSSnlX <t> 400mm'f X d'-;, P£ 

SSUTto^lljiSfflb'U'y P£Sifb/c„ fl/7 -2ICST0

XxXv@®MtiC©am©^e*$®VS©/cAB$Kig®6<OaUri.'5o VAiSSH 

«S*g©(2l3:tf>*ffi£4-o-C33y> \--y-f, ^ FA©/\'9X4:|l(36A,bm64T%A\^/c. 

S/A eiHgl6t4.'4i:i)'7t.

2.3.1- 2

ss©afflEto, m&*m%i*nz:tztb\z\z\£\s-y hi, Eiisisswitjnicjxjsssx

SICAS <'T5^cb^5fe)$to$©;%iDS®$[Sl±S'y5Cc1:A<£-$r-^.5o bU-> F©@

/<xxx6<-e<,-e<)®yic< ue>x, to^sis*©^ 

—;tPicj: y xxax 2XJ1C. xyy xx©4*is*<*§v„

fCT-. Ji>S©igA$BS UTl '•StSSiSSitoEiSK^tiSIt L/c,, Se&gto© F F T 

SiJSSmx S®D)$H©K*, (E;S6l«I*nx/c<,

b"Ux hAvil/Xe^ISIfSEUTSiH'je, bu7 1-iiA «««?«©

— 7 —



lR]±£H^fc„

cn6<D56s<D$sm, Bttisitoeau *-/<-*-;i/®?^30dBsfe»sn/co ec
T-> fcfy-x HeS-il^igSDL, EISMICtiEV-x hS$08O6<6<6 120mm£ U@i$70m/ 

sec iJ5pige@ 120£un ©&)*«• 5 kg/)WC'$jiSt"5 C. £ y ,

I^Sx#)S6<A±Ufc„

X, /tui/X'rticX'f e 5 -y y y-y-S-liixy-, BictMc^iST^zy/x^yx^®®

li'i, c®^aictpgaA<$,y, loo^m 

OT<Dto5F<D»iS6(ToB6<)lcx=tUTtix6$ld;^+ti-T-aBo/c„ 

ter, t'v-x hmM£t$$©i|iSE6'6ti$S£SEm4£T5SglJ)$ffiSXh°y K 

viwc-$ZL-fc0 cto/ctottcoitse-C'S/b^inicii^u, a*<i:y®a-(t, fy-y pm 

i|*<Hn«<tylc%o/c„ '»<, ®lctiS®SEsLySi$
<ftJH3j75iri/s ~95m/s T-£S:L-/c;gteft<pTfEcl:&pTA-5.,

a>i<ti¥frit, L?Tma%^%m<bT-s c

AV-Kt'l/7 hMSeSI, ^xXvy-X#x3ftS^<DXyX'x*#^ffiXTft»)±»

6i|flaUfc„

2.3.1- 3 to 3F <0456

c.ft6©@$ES, hi -1 ic

i*6n/c|»^<0S E HI -2 lcfaSti-7n<9-<5'J6Sf» M®a-XlcttA

zpK]^@A<@TUTU^.

B1-3icmbnfz®j£<D¥-mm<ttJi'^-}£<zm&ziTk?o 1, 2, 3©^ii6i,

62, 63^mmm(D#$7%e. ;$£n%, @E$<oseicyTSBesato<m8-f tt, r s ^ c 

i^Sfo 63^gf«e.nfcto^ti2pKlSS 100Aim Ear-, i£$®to$lcti:$5LTEI.: 1 
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SH GT —

f&ft Lot No. Al% V% Sn% Zr% Mo% Cr% Fe% 0 %
1 5.77 0.57 1.24 3.72 0.90 1.12 0.84 0.12
2 5.59 0.52 1.16 3.78 0.92 1.00 0.82 0.11
3 5.77 0.55 1.21 3.67 0.92 1.14 0.83 0.09
4 5.80 0.61 1.34 3.72 1.02 1.09 0.89 0.16
5 5.57 0.51 1.05 3.72 0.89 1.03 0.84 0.14

5.70 0.55 1.20 3.72 0.93 1.07 0.84 0.12
iSSE ±0.3

5.8
±0.2

0.5
±0.2

1.2
±0.2

3.6
±0.2

0.9
±0.2

1.2
±0.2

0.9 0.143.2

SI - 2 GT - 3

Al% v% Sn% Zr% Mo% Cr% Fe% Ti% 0% C%
6.31 1.35 1.04 1.07 2.76 2.00 1.68 Bal. 0.21 0.012
6.60 1.30 1.02 1.00 2.70 2.20 1.60 Bal. 0.058 0.006
6.37 1.35 1.03 1.02 2.67 2.09 . 1.66 Bal. 0.09 0.008

M tS E 6.5
±0.3

1.3
±0.2

1.0
±0.2

1.0
±0.2

2.6
±0.2

2.1
±0.2

1.6
±0.2 Bal. gO.2 gO.05

01-1 GT-33 to*OSEM¥*
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02-16 
2 

300r

to 130

O880W.Q./850W.Q
A880F.C./850W.Q
D850W.Q.
• 880W.Q./820W.Q 
▲ 850W.Q./820W.Q

Temperature

i2
 - 15 

G
T33£&

1> 300°C
it^®

<h^^lM
£EcD

|i9il

A
ging 

tem
p. /°Z

UTS/kg f • miiEI onga t i on / 96

t-4 i—* • ts3 W *»•o cn o tnoooo

XXX

o •
CO > {►

150



2 - 1 300 °cgI(JJllM 3.3X 10-sec-1)

T Ptig • jj|A]
a (lffssrn)

(To. 2 O’u
(kgf/mm2) (kgf/mm2)

El.
(%)

B
0*0. 2 (kgf/mm2)

(24r#8m)
Cu(kgf/mm2) El.

(SO
L 86.4 99.5 5.5 87.8 100.0 13.6

as forged R 86.8 108.4 11.9 86.5 101.5 16.3
T 87.7 107.3 12.9 84.6 97.8 15.5

as ST A*
565'C T 117.0 133.1 5.8 113.6 127.4 4.1

L 116.4 125.3 2.2 110.0 124.8 7.5
580°C R 116.3 132.1 6.1 113.4 129.5 6.3

T 115.0 130.0 6.2 113.2 127.9 5.5
600°C T 113.3 127.9 8.2 109.4 122.8 5.4

* 850”Cxlh-WQ+ (feaSS) X 4h—AC

Boss

2-1 ? 'J -7'7 7'3-Tr-it,m&$k(500'Cs 40kgf/mm2)

A (lffgiES) BHeat Treatment T P 8U& 
&g-;fr*i

Life(h) ei. a) R.A.OO Life(h) El-CS) R.A.(SO

L 57— 69 7—13 7-16 93—132 21—52 39—52850°exlh-WQ+
R 77— 94 29—43 55-70 107—177 37—42 61—70580<>Cx4h—AC
T 102-113 39—60 60—71 120«_h



%w
(i)

1040%:#?% O'!:# 
V\"C14kgf/mm2 COJS

(1)
(2)
(3)
(4)

^11854^101: TMS-32,12-2
mm## i:iMs-26m^ u

^l:1000^IK!mx_6

(ua^A)
L.

9 v- -/*st$
800%: ,75kgf/mm2 1040°C ,14kgf/mm2 «W

8U %r&
(h) G) w (h) (*) G)

TMS-32 415 20.3 29.9 1496 19.0 44.9 S
TMS-12-2 141 33.7 38.4 2327 11.7 51.9
TMS-26 345 26.3 29.4 1775 21.3 46.2

700 %:, 9I3R#&
(kgf/mm2 ) (%)

<T o, 2 <7 u El.
TMS-32
TMS-12-2
TMS-26

98.9 108.5 12.7 
105.8 111.4 4.8 
108.0 123.9 5.2

TMS-12-2

PWA1484

TMS-32,26.12-2

v-CMSX-4
o • Alloy 203

Larson-Miller Parameter. T(20logt)x10"

70.3.31

I'm rlt

Re,
i'a. cns #-&&%:&. B$&&Bt>M£;rv€v 
6. 19904S##^#Tb^ A 1%%:#%#

B9

#D8

fU-7#% 
1040%: 

14kgf/mm 2

0,) (%)

81#
(wt%)

Re Hf

PWA1484 PVA 1988 -840 -20 3 0.1
CMSX-4 C.M. 1988 -840 -20 3 0.1
Rene 4N GE 1987 — — 0 0
SC83 83% 1986 3106 4.8 0 0
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7C- 3.31
=stitgswaBi

aME^sgjyfSSffl^-f v h # #

3) ^

&#&#3A L#%#

o

®£S • 5j86SI#S#®«32 

* =Mm#W» & SiHlb l . ®as -SE# P.P.C.%
( (B T RW% ). G. E . A'0/vT

&a.

* 3- □ 'jyA'CkL n-;i/xn-fx, f-f y tv

6A<gf$0^%-r66.

* j: U.
<100> A'610" mA6D#@V95%Kj:^^L,^:.

*%#-&A(NASAIR- 100)#tm25-&A( TMS-12-2,

32#M"Ct±#Me(AUm^30cm/h, Z:*35:#^T^

20cm/h
bfco

*%^^(NASAIR-100)&U:gg^A( TMS-12-2, I 

TMs-26)&m'-c 20cm/h -c®#

h^-Agp-C&bl^aA'#

Z> ~ b %$%b frlCbfco 3if^ Ztit>%M<D7s£.l£
'ask.^<k i)zE/§'<%)-5di: tjSQbtc Lfco

-e^6t±, ^A0D@#& 
If A'& 5 c i: & % 6 A4: L

^swa###*&#<-#-



* #

1040"€-14.0kgf/mm<Z)^#

#re^ 1000 h
TMS-32 ; 1041 — 1215 h
IMS-12-2 ; 1956 — 2503 h
TMS-32 ; 1610 - 2735 h

*%#^A(Z) NASAIR-100 CMSX-3

#KlL/&.
NASAIR-100 CMSX-3 1:0 UT,

760 "C 1040 "Cl:&#6/7V-:%%##&
A4: U. ^ V y' f80##(D

L/^:o
700 T

— & f¥ffi L, 0

NASAIR-100

*G33BW&'ov'-c



^.3.31

miuimm @m^(D(qim^m(DDn^mim ilin %

2 #gm*a ^^ya^jc^HZ)^^^im/r6AF115 )k6
#%i

(1)

1)

760 T#m%l;Nc& 
v^TglgR^/rlGO
kgf/mmz JZkJi'Z:* fr 
346-(D#20%JBl±^)

. O V—V#&lct

iih)

5< Ufco

&-cmsL&.
4)a_h0^WM%&tirE^^r<D^7r-^lc3£-dv'‘ 

*C ®rUv^^&®tnyfco C0^A0#t± 11760 °C 
-c^^iso kgf/mz #ms%

(DtiEtiXi't^-fui/jc? hft’Cm&Lrd££'T?tt: 
C0^W:76O r(:jDn-CUTS128.7kgf/nmz , #rf9.5%

, t.'l5lli]»ttW0^) (DJsmIC&U 
5MtC^v-at. AF115 £Jb@5t><m±^II^ti:3m£ 
*Vtl'&V'-

,12.93)

+ Extrudent 
X As HIP
O Pancake. As-received 
D Pancake. 1100*C(1h) 
A Pancake. 1200*C(1h) 
V Pancake. 1225*C(1h) 
■ Pancake, 1250*C(1h) 
• Pancake. 1275*C(1h)

760*C(20h) 
760*C(20h) 
760=C(20h) 
760*C(20h) 
760*C(20h)

10
Elongation (%)

N i SaSttSSiCfiWaEIHSaoV 6 0T:tC;Slt-5 5l«tti£



^.3.31

tin %

2

a)
2)
&«!&#&

m^B^a-e.3
oor^^ic^^-c
28kgf/mm2 /g/ an3

. f©&7io%m±©

) &E$-?|-U #i±©

1) %mm^m2:L'Cm^B8g:±06fm<DGT-33 ^

2) ̂ ^h#tE©%^$:gIV. GT-33 
0Gi-45,46,Go

v C3So < $: RI^ U

300 *ce© 31%#% 850 ce©m%#%
#!&#
kgf/mm2
/g/cm3

% % kgf/mm2

GT-33 29.0 11.0 700 1.3
GT-45 29.1 13.5 420 1.9
GT-46 29.7 12.1 220 2.2
GT-60 31.0 12.7 552 2.2
GT-61 30.3 10.0 662 1.4

Rf^ Rfl% MS8G
mud wm ~EIT

C % kef/am2
SP35 Hiil 1987 41 700 300 6.0
T1-6A1
-4V-2N1

Rockwell 1983 41 815 720 1.3

6-2-4-6 TIMET 1966 41 850 1400 1.5
GT-60. ■kumt 1987 41 850 552 2.2

SP35
T642
6246
GT-GO

300 ClC^6g|%#ft
3|gK%
(kgf/mm2 )

100.0
- 93.0 
112.0 
139.6

(kgf/mn2 /g/cm3 )
-23.0
21.0

-25.0
31.0

lipIF
(%)
18.0
20.0
7.0

12.7
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1200—1275"C 6^606^^ LI.V C L
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mwmm # #

xEih 5 o

(D^ZM^T© V 6. -t= 7 ; y 7 7 (Si
A10N) M©^#% (-WrAgr^m^^g) (i,
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7C. 3. 3 1

iu;%ia bd -tb (mem

Kj )
SS&UmDfmZrfro.

(5 ^ - 50 wm)
3 0d)f^%^ ] mmo ( 20 kg- 30 kg) (:#fo.

(M# - ma)

( 15000 rpm ->^25000 rpm )

fylfc.WrMfiL'lk ( 150// m -» 72 //rn )

^ h L C10.000G ^^TiSJS'CV) (: W %. % 6
o. LTt^a

CCM (Car-
hon - fiber / Carbon Composite Material lloMf <

®am%L'y

y<O2DE^-{-(7)?#m^5t$r0(#L3(:%^. 22000rpmm<7)|aj
L t "f wsc# t.

K y?"% h y 7<7)7§M%^
gm(o50kg vmcz^,j\fRmg^cRo. mm#?)2ton 

VIF , y/
% i' -yf t a ^c.
^ 0 50%i^±6O3 7. HK##T#t. 
at. J:ET?S%!Lt^/l/T<yy7l"y^^3^.

* Sf.

((LB) 2x^x—y(^.n) (ppm) (ppm)

% ^ A ^

Men] 76 125 . 1.5 50—90 8—20

##r V^x/U 60
0.5 —1.3

(68-105 tun %)^) 20-50 17

\ (##)

#(/2oo: m E % m.
Kgf/mm*

%%:&#=

K ^ A ^

Ken! 7 6 700 0.8 3-5
T:1050*C

€ :4.2X10 /^

1000 0.66 2
T:1010*C
k :4X10 /s

DSuperal leys
(1976)473

2) Metals Tech. 
(1980)238

3) MetaIs Tech. 
(1981)194

4) Eur.Symp. 
Powder Metal 
5th ('78) 
3.35
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Z7 mm

TWcBK

0^/60#^
(IHP-3)60^/l/f-f >/% 1-y ^

&mv'T. -

ji *-j 3ook^m^$rmut.
, ) coimmme 3 .

# KE ^ # (%t%)
+ 60 0

60/80 5. 8
80/100 7. 1

100/145 7. 7
145/200 17. 7
200/250 15. 3
250/300 33. 0
-350 13. 4

I'M

?i#m (jum) 72

(um) U5

®< S S (ppm) 6 0—9 0

H S 5. (ppm) 15-30

«%(#/ (%)

mB (-)

amK (kgf/cj)

I
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mm g m ® #

i) i) 121/7 natm 1)4#^
%L & ^

@ m gcmsgmprgg^^^^mmia isoAtm ioo//m icm
TLTco K-f ynap s

2) ' #7^0
&3~7 Atm *x6 1 ~3 Atm iCffiTlfco iK@Tia, L/—
^<D;^n8Stiio2~3 °c/sfi\6io4~5 °c/s(ciiiau/ci
#x6tl^o

3) El/7 hmm^igAllU, 5kg/A9f<D^^A<pim(C%7 l'o xtib<DPSUlZ r7U xy hx^xyi/Xj ###
tCo ctLTag$nTl^o

2) m@ 400mm<DW8B# 4) ±%^<DH 1 pm#^mau, maoH 1 p(c<tvmm 2)1S;SSEH 1 P^HDH?-i(cay»WH 1 P#
1 Atm &T<DP P 7*-A*mza H I P ^1#T,

5)
mas TAT- 30Q°C%9&m32.0km, Wm. QXZ^Ltzo

X10-4 S-'T$<)2.5kgf/mm^%^a:y 
%1kgf/mm^@TU/co

mx-ht>nxi,^0

6) y u,
4fenmtL?%z<t%%&i,tz0

7) 3) mm
a&KSt, *400mm(T)7KX##f^X^^K{$L, gmic&i\T&@;ammicm-asm, ±mc.£z>m%
^=o 3.4@<b&o/co *<i^XOOd6-5o

8) xtoUiWafttix^Zo
<D2mmmefro7co t£.m<DPLw\zz<bm%oju*-Txhzft, doe

9) ^ i/-y g >*<pigg^^ <omm^x ^ - Ey5f#<o*mca: y
10) ^isomm mM^-fXf&sy&sagt, RfTu/co

isEttEjiica: y^^ESE^fTx/co fyh^WkXftfothX {'%><>
<D 7. Slacb^Co/Co ^@Tia@^mm<o0m^m^x ti£&mmm7'<7

11) MSB<D5%#A<7:^Tia&o/c^ 0400mm M^x-X^ jxtf'X+yxmoRmmicmic&mztix^Zo mm^r
;£<£>&*, -7*"j Hfc*<iSSUOOa55»

&mmoziy£i.~x
V7

12) 0400mm /KxtfS^x^ 2nEEiE(cJ:y3it£, ?'J- 4)^mm
X4#i±A<%#U/co mn i p^t#A,

13) 2 y 9 u/c. I'^o
14) ^ =HM XT P(C<fcy mmZQ. 7km, #(fll. 6%<b§S® S9f%<Da:a{C^dEEttEm<D9f%$S^W^:l,N<D

m ^Bf*<D^?riT(aDx ymh^&ztiztz&xhz
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(1)
HOOTQ^&U^K:^ 
l'"C, 14kgf/mm2 CD

looon^nu
J%±CD^U-y%(8f
-StiHcEx, -fr-o

-fa&sKt:. asm# 

&
#&CD#P#

%?T3.

#%65%, 75%lC^U^TMO-7 2:TM0-20^$:U8^U.

y
GO

1050°C
16kgf/mm2

(h) (%)

850 "C 
35kgf/mm2 

#CF 
(h) GO

THO-2 55 7476 4.1 1126 4.7
THO-7 65 -15000* 1.6 18,314 (fXK*)
TH0-20 75 -10000* .1.0 50,000h* *

INCOttkL MA6000(1979^91)^Alloy5i(1985^) &D8 
5nSLTi'd/j\ inf#t£T|JE£frTi'Zli$£?lr

y ‘
(O 1050r,1000h 850r,1000h

MA6000 52 13—16kgf/ma2 26—31kgf/nm2
Alloy51 75 13.7kgf/mn2 32kgf/mm2

MAG0006D%m(±X7iy4r^#<. #[f(±2-6%"C&^) 
fc o

*,**£# "Cl''-5 CD "C Its tCj;5 TM0-20( y" =752)(D 900T:, 40kgf/mm2 CD^U-y 
1004h (1989-1-26 %&)

TMO-20
CMSX-4
TMS-1

1004h
530h
912h

{'in ^
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mwm# #M%im2Wm(D;K h iitfi #

I n c of±"CkL MAG 0 0 OCD^m^T^Tl^
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O mi ton/7^-^)
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rpo^ (i) Dfj^^Am4(Dg9m^m
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o) %mamm ^-vi/%Am(iK9A(D

@ rpn^^Aj ?m%m 1 5-45vo

(^3 0) 2 4/1-200/1,

A ( r^yv7w—A mu/5. x. mmitti4o/i-5/i

j) (i) l?&U(m@2 8 0mm, m*660rnrn (%#it

o mm%mY2 03 MAcmu h@l#^:ismi GOmm, m*300rn

(-2 0 0 A) %^Y2 03 W:&i8

^U/2.

(2) ^wn^Aib^m soootmoyiy^Tmo^T^

7^7-? A^#(D%M%lT "3 3. (##R7a:/%f)'<D#&:1 500 t)

ib/j.

(3)
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((6 1 0) J;%±@ ((6 3 0)

1 500 t#m#'&7'l/X:MWcU&.

= 107oT, mm= 16)
(l),(2),(3),<D^x %0 J;

a. miV^f^

#. 130

OT (G um) *'«? 1 23 0T (6 3#gg) cmTUx 

*&,%%/,jtM^C %g< %-3&o
a - 2 j1l,dj^n V h CDJtWuJ; 3H$£IM$l$CDj£l'£

smu.
iblPl'Lti.'otZo

b.
fTUlW 1 0 5 OTC&l'T 1 cr' sec"' a±(Di^m

fc ° t\MAMmwmwmm

It * $ * A iS

« JK
W JR

ft

0. 84 ~ 1. 18
0. 07 ~ 0. 11
0. 49-1.1

0. 4 2 - 0. 47
0. 01

0. 15 - 0. 3

(wtX)
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m-f fl: &dk# % - Lf:/:/ L - K # wm 
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# If ^ &MB iMttWS

©
#

59.2.23 59-031424 62.4.28 62-019500 62.11.27 1411392 B *

0 Nickel-base Single Crystal 
Superalloy and Process for 
Production Thereof

60.2.22 NO.704094 62.11.17 USA PAT. 
4707192

^ @

0 NiiMysam&sa 61.11.6 61-262634 B ^

© Heat-Resistant Nickel-Base 
Single Crystal Alloy

62.11.5 NO.117091 3£ IS

0 1.3.1 1-46468 B #

0 N i ,& wg&ama&mam 1.3.30 B ^
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B3^^M (%)
# If % d#B ^#gB ;&&CDaT5

y 2 2/3:/!/##:<& a 58. 3.24 58-47955 59.10. 2 59-174265 87. 6. 1 62-25066 62.12.22 1416322 B2#: pJ

58. 8.12 58-147707 60. 3. 4 60-40664 -B^
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(1)tc.3.31

141140202.11.2759-19259159.9.17

59.9.18

62-04513062.3.2

63-17494863.7.15
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4^ ^ ^ itiMB AgiFflB #SW5-

(D 59.5.28 59-106356 60.12.11 60-251240 61.12.12 61-058544 62.7.23 1389522 □ #

© 59.9.13 59-190523 a *

© 59.9.13 59-190524 B $

© 60.7.16 60-155197 62.1.26 62-017145 63.3.4 63-010216 63.10.28 1462741 B -£

© @mmn% i:m u 62.8.3 62-192719 B $

© @^rnn% U &###### 62.8.3 62-192720 B #
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# ^ & &B8B a

Bg60. 5.10 60-82648 ^B

METHOD FOR TEMPERING AND WORK
ING HIGH STRENGTH LOW DUCTILE
ALLOY

Bg59. 10. 3 657248 Bg61. 7.15 4600446 #B

Bg59 59-9278 Bg60. 8.10 60-152625 Bg63. 6.10 63-28981 ? 1. 1.27 1476646 BA

Bg59. 6. 4 59-114159 Bg60. 12. 19 60-257943 BA

Bg59. G. 4 59-114158 Bg60. 12. 19 60-257942 BA

Bg60. 2. 12 60-25057 Bg61. 8.20 61-186460 BA

Bg60. 12. 5 60-274105 Bg62. 6. 17 62-134130

METHOD FOR SUPERPLASTIC WARM-
DIE AND PACK (SWAP) FORGING OF 
HIGH-STRENGTH LOW -DUCTILITY .
MATERIAL

Bg61. 12. 5 938468 #B



# gf & B B

METHOD FOR SUPERPLASTIC WARM-
DIE AND PACK (SWAP) FORGING OF 
HIGH-STRENGTH LOW -DUCTILITY
MATERIAL

l@61.12. 5 8629180

* — A $ -i • 'N° y 9 8862. 1.22 62-12851 Bl^

METHOD FOR SUPERPLASTIC WARM-
DIE AND PACK (SWAP) FORGING OF 
HIGH-STRENGTH LOW -DUCTILITY
MATERIAL

8862. 3. 30 8704411
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# 2F & mm a mmm=^ SWFfi B B B mmm^m G%y%<Z)"]S

Method of Manufacture of Highly
Dietile Material

1985.11.14

59. 11. 14

797.905

59-239979 61. 6. 6 61-119632 63. 8. 25 63-42699

1987.1.13 4.636.355 Dj

60.10.1 60-218898 62. 4. 13 62-80203

A 1 - P b 60. 11. 30 60-270211 62. 6. 12 62-130234

61.3.28 61-70417 62. 10. 6 62-227570

i - s i 61. 4. 17 61-89062 62.10.28 62-247037

A 1 - C u - T i C AAfg^##0#2 62. 3. 4 62-49777 63. 9. 9 63-216919

62.3.30 62-79425 63.10. 7 63-2424621

62. 3. 30 62-79427 63. 10. 11 63-243244

u - S i 62.7.20 62-180587

62. 10. 8 62-254343

i@#t^,A i - S i AAmA#M0^j# 62. 10. 8 62-254344

#:%s * i - s i 62.10.8 62-254345

62. 11. 13 62-286811

62. 12. 26 62-331331

A# % ? v - 
ossm

63.1.27 63-16486

Method for Making Hyperetutectic 
Al-Si Alloy Composite Materials

1988. 3. 30 07-175.217
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# :f g LB SI B LB##^

8359 185449# 8961.4. 1 61-63331

srn^s 8959 258770# 8961. 6. 25 61-137638

8359 269515# 8361. 7,5 61-147939

- mmzMomcBm 8959 245434#

Method for Tempering and Worki 
ng Strength Low Ductile Alloy

8959 657248 61. 7. 15 4600446

8960 245434# 8362. 5. 18 62-107003

tmagummm 8362 (#0 <B
0#^
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60-5825258-163298

60-16270358-17667

63-23080762-62484

63-249334x7



#^g^:(2)mAA^%f#i/ya^mmjnj:^ (g%#im^) %7c#3^3iB

# If ^ &mB dm#-'} B #:f§ma

i) 58. 6. 8 58-100824 59.12.18 59-225840 62. 8.20 62-39055 63. 2.25 1425864

2) 58. G. 8 58-100825 59.12.18 59-225841 62. 8.20 62-39056 63. 2.25 1425865

58. 6.20 58-109330 60. 1. 8 60-002603 5k 63.7.22M5m^ec#

4) N i
kT lx v h <D^i^

58. 6.20 58-109331 60. 1.8 60-002637 5k 63.10.4^^
B , N o . ti5k/E

5)
am##

61. 3. 6 61-047195 62. 9.11 62-207526 5k ^4^

61. 3. 6 61-047196 62. 9.11 62-207528

61. 3. 6 61-047197 62. 9. 9 62-205202 5k #3^

8) %5kN i :/ 61. 7. 3 61-155112 63. 1.22 63-014802 5k #^24^

9)
^ - k: ^ (D@#gmg|3#(D

61. 8.12 61-187709 63. 2.26 63-045308 5k #3E4^

io) fmmmmmAm 62. 1.8 62-001116 63. 7.15 63-171239 5k #314^

in 2m&A(D&m%mmK:<k3 62. 8.12 62-199938 63-045308 #3g4^

12)

mm&t/McDms)]#

62. 9.29 
61. 7. 3 
61. 8.12

62-199938
61-155112
61-187709

5k
7XV*

(07/102402) 5k#l%]

is) m^mmm^t^A±apmE 63. 9.16 63-120439 5k



mmmy.: gip (7*--7-m) m

# If ^ clmnU B IvfiW Iwlnfr'] /oa£© ufuf

3ffifitJft*&55#©HIPK: 59. 10. 26 59-224094 61. 5.22 61-104034

59. 10. 26 59-224095 61. 5.22
4#|i%
61-104035

&

6 0.1 0.2 6
PCT/
JP8500595

(US 852966)
1986. 5. 9 W086/02669 1987.12. 1 4710345

am## 6 0.1 0.2 6 PCT/
JP8500595 1986.12. 3 02031

%

6 0.1 0.2 6 // <7 ih
6 0.1 0.2 6 " /, '/ '/ n



1.05.17

mmm59-18902559.10.261-62273
62.09. 1762.04. 28

62.08.i8
62.10.16

62-23540362.10.1561-7663461.04.04
62.03.18

63-15932163.06. 29

63-30071563.11.30

63-30990863.12.09

.03.30



# # ^ am#-#- &mV3B & &£MB am8#g

8858.8.3 8858-141149 8860.2.20 8860-33329 8861.3.22 8861-9375 8861.10.29 1343308

8858.11.7 8858-207450 8860.6.4 8860-100642 8861.10.15 8861-46529 8862.5.28 1378810 B*

B859.ll.6 8859-232492 8861.10.29 8861-243143 B*

- V B862.4.16 8862-91971 B*

asm#*## B862.4.16 8862-91972 B*

am######### 8862.10.21 8862-263720 B*

Z/if— h#

mmw##

8862.11.12 8862-290689 B*

INSERT MATERIAL FOR SOLID PHASE

DIFFUSION WELDING FOR NICKEL BASE

SUPERALLOY AND METHOD THEREFOR

8863.9.20

(#I^B)

246708'
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# % dlMB mm #:f^B itWWH /toCDnpgr

©
^kzL^/r;i/a#^A

59.4.14 50-168761 61.3.10 61-048550 a ft

5&fbz:?/rVWm&aa
60.10.26 60-238616 62.5.8 62-099433 a ft

Gamma-Prime Precipitation 
hardening Nickel-base Ythoria 
Particle Dispersion
Strengthened Superalloy

61.9.3 NO.903135 63.1.5 USA PAT. 
4717435

© d' ^ h V y' 61.11.6 61-262635 63.5.23 63-118038 a ft
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# Mima ,T,«%- B

59. 10. 26

6 0. 6. 2 l

6 0. 6. 2 1

59- 224096

60- 134191

60-134192

61. 5.22
#G8
61-104001

•
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2)

^-W^F-

%^c#3^3 1 8

# M- ^ ,yum#^ 8 #af&B8 m^(Dujs

(1) ^^8 ^-1: :/7L/- F(D 63.6.10 63-1-11497

(2) ^-e^yi/-F(Dmm7v

Am

63.9.16 63-229827 5lc

(3)
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# If ^ &### B #lf##

# a s60.10.30 60-241570 s62.05.13 62-103349

Method for Heat-Treating Metal s61.10.27 923606

Methods of Heat-Treating Metal s61.10.30 8625989 s62.05.13 2182351A

Verfahren zur Warmenbehandlung eines

Metallkorpers

s61.10.29 3636848.2 s62.05.07 3636848A 3636848



^ ^ j@ B 2K 3X^8 0 . M lx t£ JTr 3ME3/

1) Alloy Design for High Strength Nickel-base Single Crystal Alloys

2) mM^#NiS0&a<Daa;s:t

3) Effect of Ta/W Ratio in 7’ Phase on Creep Strength of Nickel-base Single Crystal 
Superalloys

4)

5) Development of Nickel-base Superalloys in National Project in Japan

6) Nickel-base Single Crystal Superalloys Developed for a National Project in Japan

7) X-Ray Diffractometric Measurment of Lattice Misfit Between 7 and 7’ Phase in
Nickel-base Superalloys

8) Phase Calculation and Its Use in Alloy Design Program for Nickel-base Superalloys

BSf059#108

mD59#llM

88^0614P 78

^Wl#lJ8

Bgf061#108

^fO62#108

R?fD63# 38

^fQ63# 98

38

Superalloys 1984, pl47.

Trans. ISIJ, 26(1986) 638.

^ 4 o

High Temperature Alloys for Gas Turbines and 
Other Application, (1986) 945.

1987 Tokyo Int. Gas Turbine Congress, 111-239.

Trans. ISIJ, 28(1988) 219.

Superalloy '88.

Bg%58# 78 mm • me

2) BgfOGl# 18
ps.

3) etasiifflisst - 5 ?- Bgf062# 38 28(1987) 45.

4) ££5$tt 4:^^ 38 89 P283

83*058# 38

2) esi!$ssni,m$sf5®ewi:s&i$it 88*058# 78

3) 88*059# 48 B:#%ma# %107(gl±#
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ag #< j@ Q agmvm ag ^ % 8f ag^Ea)

4) Alloy Design for High Strength Nickel-base Single Crystal Alloys mo59#10M 5th Int.Symp.on Superalloys 1984
- %yv>y%) #f% am

5) Ni«^A##,&(Df V-7#mc&#T3&#a(D5m Qgf059^108

6) Hgf059^1l8

?) Ni%m^mAAAA(D^^mc%(a:^r 'f@^<DTa/vit(D^# Bg^OGO# 48 B^#m^A #io9E:m#

8)Nism#^m##a<Dfv-7%* Rg%l61# 18 B $####=A e%#^A

9) BgfOGl# 38 B^##^A mmaz^mA

10) -STa/WltO^ BgfO61#108 #m&iaA %%mi&A

in Ni@m%^A(D^v-y^BB#(D^(2i$K^m^ii: BgfO61#108 B^AE^A ^M±A

12) Ni%m$hAA^(Dy/y '^m$zii7m(D^^^<Dy I) ^O61#108 B^Am^A %mtA

^n6i#iom B^A^^A ^M^cA

i4) mm^AAismm ^Q61#118

is) ^f062# 28 B^##^A msg&msm^mA

i6) Bg%62# 48 B^fR^A #Rll3[2lim^:A

17) Nickel-base Single Crystal Superalloys Developed for a National Project in Japan Bgf062^108 i987^@m^x $ -e>Am mm±A

moG2#108 B^m^A mii4@gmA

Bgf063^ 48 B^*%:A %ii5@:mA

20) . Bg%63^ 48 B^###^A #=#:KiKA
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