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H 1. 0EEd ARz Al-Li @59 etz 9 71AH 54
iti 9 Yield | Tensile {Elonga-| KIC Elastic Terget
Alloy Composition (w17%) Heat strength {strength tioﬁ (MPa | Density | podutus | properties in
Li|Cu| Mg |2zt | Fe | si | treatment oypoy | (MPa) | (%) | 4w ['97/90 | (GPa) | similar alloy
Alcoa
Alithalite B | 1.9 | 2.4 0.08 T8
(2090) ~ |~ <)~ [<oazi<on0) o 530 | 569 79 | 425| 259 | 786 7075-T6X
26 | 3.0 0.15
Alithalite A | 21 1 1.1 0.08
(8090) ~ |~ ~ | ~ |<015]<0.10 Plagfm 400 | 476 9 56| 25 | 786 | 2024T3X
27| 16| 14 |015
Alithalite D | 21 | 0.5 | 0.9 10.08 T8
at et B Bt B2 A L Ay 406 | 488 75 | 453| 255 | 786 | 7075T73X
27108 1.4 |0.15
Alcan
Lital A 23110 05 |0.08 T8
(8090) ~ |~ ~ 1 ~ |<03]|<02 Plate(L) 450 500 55 | 36 2.54 2014-T6X
27| 16| 1.0 |0.16
Lital B 24 | 16| 05 |0.08 T8
(8091) SR I B Dot DA I B 520 | 560 40 | 28 | 255 7075-T6X
28 1221 12 |06
Lital C 23110 05 |0.08 Lital
~ |~ ~ |~ |<03]|<02 A(Paa”;ﬂl)y 00 | 450 | 50| 45 | 25 2024-T6X
Pechiney
CP 211 22110 06 {004 ToSheet) | a5 | s . g | 23
(8090) ST S T S0 <02 e (Sheet) | 490 | 540 7 y | A
27116 L3 1016 2.54
CP 274 17 { 18] 11 |0.04 2.57
(2001) ~ 1~ ~ | ~]<03]|<02| Te51(Sheet) | 430 | 480 12 ~ 78.8
23125| 19 |0.16 2.59
CP 276 19|25 02 |o04 651 520 | 600 2.57
et It Bl Tl B A IR T e 5 ~ 80,2
33133] 08 |0.16 625 | 655 2.60
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2 9328 ES o] 8T Loty AF 54

q ' Room Temperature 315 C

" .

Class Alloy Composition (9 /ab) Temper UTS  YS L | UTS VS ~

(MPa) (MPa) (%) |(MPa) (MPa) (%)

A 7090 Al-8Zn-2.5Mg-1Cu-1.5Co T7E71 ext 627 56 10
A 7091 Al-6.5Zn-2.5Mg-1.5Cu-0.4Co T7EGY ext 593 545 12
A CW87 Al-9Zn-2.5Mg-1.5Cu-0.14-Zr-0.1Ni 2.8 T7X2 ext 614 560 12
A PM64 Al-7.4Zn-2.4Mg-2.1Cu-0.3Co-0.2Zr T76 forg 600 552 6
B CU78 Al-8Fe-4Ce 2.95 As-forged 589 460 2.4 | 163 132 55%¢
B CZ42 Al-7Fe-6Ce 2.96  As-rolled 565 491 9.0 | 212 168 8.0
B Al-8Fe-7Ce 3.0  As-extruded | 564 457 8.0 271 225 7.3
B P&W Al-8Fe-2Mo-V 2.92 As-extruded | 512 393 3.0 | 237 208 9.7
B B014 Al-8Fe-1.5V-1.5Si As-extruded | 493 457  11.1° | 287 275  9.2b
B 452 Al-10Fe-2.5V-2Si 2.99 As-extruded | 588 566 8.6° | 270 256 12.3b
B 481 Al-12.2Fe-1.2V-2.25Si As-extruded | 720 588 580 | 311¢ 298¢  6.5bc
B  Alcan Al-1.5Zr-4.5Cr-1.2Mn 2.86 536 486 7.7 | 235 214 -
C Al-3Li-1Mg-1.5Cu-0.2Zr 2.49 375C /8h 596 509 3.1
C Al-3.7Li 2.43 627 517 7
C Al-2.5Li-11Be 2.42 504 432 5.2

2 ext=extrusion or extruded : forg=forging ? Fracture strain ¢ 343C
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NNS Ti-10V-2Fe-3Al forging
achmed from Ti-10V-2Fe-3Al billet
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Conventional Ti-10V-2Fe-3Al forging Ti-10V-2Fe-3Al
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2.5. B& & (Superalloys)

1930t Fuke] 7E2E W AR S A3 AE
718 2dolF, R4 AY & e Az}
8750 2R 7S dAE F e Ni 7z
Ss 5ol L] AR, 19503 Y] Bz
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2 MLE ZF 2¥8ee 38 5L Yy
. 53] MExEF A exs §39 A
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Ay 4 160

2 ]

8 so0| A 1120
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E T oM Anealed 180 3
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g Ti-6AL4V 11T 4 40
Smooth axial fatigue . -
R=-0.1 ; Room temperature

1 1 | [ 1 0

103 104 108 10¢ 107
Cycles to failure (Nf)

CHIP:'Cold Isostatic Pressing, Sintering and Hot Isostatic
Pressing TCT : Thermo Chemical Treatment

ELCI : Extra Low Chrolide TD : Theoretical Density
BUS : Brocken Up Structure LCI : Low Chloride

D2l 5 Bwob3y s F2ye) o8 A28 Ti-6Al
4V &29 H25Y v

(solidus line) ©}3} 50C7ZHA] &hE 4 QA =
A=dl, olv EIeHMHs] 23 YEAENA
9] A4, & S BExeE e 20ppmF 15ppm
o)|5I7tA] W& 4 UAE HH, AHYA HHY
A g g dA 3] AsA7)= Pb, Ag, Bi,
As, Se 53 2 AgH BLEES Y 7 Ue
BEEMe BB wWE oy HFHo=E
VIM(Vacuum Induction Melting)ye} v|&
MAES AZS A7 ksl AHS-so] AT
ESR(Electro Slag Remelting) 3 W 3}#] =)ol
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Zago] MAEELE A3 2FE&F AA HUH.
3 kBEE BimolA TR (Bottom Pour-
ing) # Mgty filtero] ANeS mukdFo HiEH
B A &S FAEA T3

¥ 32 7 285 &a324E JeER L )T
7 FAM = HE, Y 5& 78t UisldE =
o= AMY} Re H7IE AY EAS FAIIe
A}go] A AUH I T} 151617
72 oA RZF e A 93 71AFH 549 F4&
ZEdvtatA J3PHn Aok 18 77 2ol FY
o] F&ubof Q3 YdF FHe vAAFHERZ
oA, &¥e] superheat ¥ WAEEE Ao
EERFEESR AE AA dX vATEHZ2A
HZ3AS 9d& 5 UA HIUG Eﬂ — 5 a1k
714 (DS : Directinal Solidification) 2] 7224
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structures MA6000
' CMSX-4

Y 1100} +Ts + HE \ DS eutectics

"; +/ W and Nb lNS’l reete m

z Cast alloys AR, M L. MARM-0oDs  SMSX2

= “" M- ’°°/ M2l M2ds MAR-M-200+ HDS [ng202

§ 'N1°° 'rnw VIA

® noox Vacuum Blm > '“0 IN 792 IN 6201 " IN6203

-; melting Sdienet 700 CINR77 lN 738 IN939

e 115

§ + Mo U“"“ 500 MAR-M-509 I 933 Udimet 720

g NIOS

‘2 ' D wisz:

g

l'E‘ Wrought / .

N81 Wrought : g:_‘;:::.
Cast - & DS and SC
Hastelloy B
700 1 L ] 1
1940 1950 1960 1970 1980
Year introduced
12} 6. Z+% Turbine engine ) &2] Creep EA
7 3.UA7 2879 24 d
Composition, wt% Approximate Temperature
Alloy year of  capability,
C C Co Al Ti Mo W Nb Ta Zr B Other introduction tl
Conventionally Cast
IN-718 005 19 - 05 10 30 — 50 — 0.0 0005 18Fe 1965 700
IN-713C 005 12 - 59 06 45 - 20 - 01 001 - 1955 985
IN-100 018 10 15 55 47 30 -— - - 005 0015 1.0V 1958 1,000
IN-738C?2 017 16 85 34 34 17 26 09 18 01 0.01 — 1965 980
IN-9392 015 25 19 19 37 — 20 10 14 1.1 01 - 1973 970
IN-62012 003 20 20 24 36 05 23 1.0 1.5 005 08 - 1978 1,010
MAR-M246 015 90 10 55 15 25 10 - 1.5 0.05 0.015 - 1966 1,025
Directionally solidified
MAR-M200Hf 0.15 90 10 50 20 - 125 1.0 - 0.05 0.02 2.0Hf 1970 1.040
MAR-MOO2DS 015 90 10 55 15 — 10 -— 25 0.05 0015 1.5Hf 1975 1.045
IN-62032 015 2 19 23 35 — 20 08 11 01 001 0.75Hf 1981 1,020
Single crystal

PW 1480 - 10 50 50 15 - 40 - 12 - - - 1980 1.060
CM SX-2 - 79 47 55 10 06 80 6.0 — - - 1980 1,070
SPR-99 . 0015 85 50 55 22 - 95 — 27 -— - - 1980 1,080
PWA 1484 - 50 10 56 - 20 60 - 87 - — 3Re (.1Hf 1986 1.100
CM SX-4G - 62 95 55 10 06 65 6.5 — — 2.9Re0.1Hf 1986 1,110

1100hr to rupture at 140 MPa. 2High-chromium alloy suitable for land and marine-based gas turbines. 3Indicates
combines Nb+Ta.

(20)




juo Vol. 11, No. 1

The Journal of the Korean Foundrymen’s Society

e 3

7. AAEES Adqs A% s (1)
7NEFZH(TF)l o8l AZFE  Turbine

a8l

o} XA v (preferred orientation)o] =&
SIAAFAe2A 2T AxY A2EAGS &
A3 gAE + AAY. ERAE7]1e(Single
Crystal Casting) 9] /IS AAHJAE gHFHL
2 AAANZIBEAN AR FsAE & AU
A HAH ) 3y 8L Ak ur|E 2 9AR
AA71eel o8] AZXE turbine H¥FS HAF

e (E) SAZAAZA(H)A 4
&) AZ¥E Turbine ¥+

2.6. &BMLEH

TiAl# 2 NiAlAl 2£703FEL ¥ 49 o]
e as e 7 S8k 700—800C A= 9] 7H2H
B QARIT L YIAE ¥ BEETERS Sl
BitadEE A8 24 Aol ZldiEa Aot o]E

Age ALl EAHoRE Ao 1Ao]

3 Qe o Aol ¢RIt FH (1) microalloying
H 4. 3578EEL] 8218 540
Alloy Structure r?l?)g?llguz Tm(<cC) Tc(T) (D;n;,ity
(106 psi) ec)

TiAl Llo 25.5 1,460 1,460 3.91*
Tiz Al DOyg 21.0 1,600 1,100 4.2%2
NiAl By 42.72 1,640 1,640 5.86*
Niz Al Ll 25.9¢ 1,390 1,390 7.50*
FeAl B; 37.8b 1,250—1,400 1,250—1,400 5.56*
Fej Al DOs - 20.4c 1,540 540 6.72*
CoAl B; 42.7v 1,648 1,648 6.14*
Zrz Al Lly 19.6f 1,400 975 5.76*
Fe3 Si DOs3 39,44 1,270 1,270 7,25*
Co3V hex — 1,400 1,070 7,92¢
(Fex Coz)s V Ll — 1,400 950 7,80
(Fego Nig)3 Lls — 1,400 680 7,602*
(Vs Tiy)

*

Calculated from lattice paramoter data
2* Estimated

a: SCHAFRIK (1977) °: WOLFENDEN (1983)

d:H. A. LIPSITT (unpublished) ¢ :STOLOFF and DAVIES (1965)

¢ : MORGAND et al. (1968)

f: TURNER et al. (1978)
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(500ppm wt%9] v ZFAA H7PH) (2) mac-
roalloying(1.0 at% o}4e] #A3Y¥A H7PH) (3)
n A ZAZYE @) AR ERE T2 4
23S MAATIL Aot AEET Ni,AlS 4
2oA e} mledAdo]l Puise] we} 1% vt
ol X4k, wlFe] BE HIIE 4AAAE YeEfH
A 30% oo 2 E7HE A1 NiAldl g

5% A9 MoH7h, AHE§ ##imas(thermo-
mechanical) *2lol] 93t A21449] gk gof of
3 A7) s AP Qot?

2.7. HEMH

HAAE Y AHGAE B 1940320 A 2E
GFRP(Glass Fiber Reinforced Plastic)7} 73
T o] radome, antennae cover, fairing, flap 5
o] 22 BEHME AMEE 7] AF3R Y 28y
GFRP+&= Zt=+v =AW v]Fo] A €@ 80|

< @3l AT ¥ 7Y P 3o A
Eqziste] ZAlo] wel FeAzA Badl i
o] 28 CVD(Chemical Vapor Deposition)*3
o2 ARZ ARV /hdEHo AE7] BREE
¥, rador SO AHEHUL, IH|ZE, HIEA
&9 &R, SiCA, ¢FHAEF 59 &
e MRl /EE 723 Ao EE F-3] £
3 AEEIARNET @A SFdFANTEA
ARgol AA ZIdEa )} 151617)

BiEAl SgAse] dF7jde HE&L NASA
ol A 1089 A%l ACEE(Aircraft Energy Ef-
ficiency Program) Al&8el| wla} HIFFoz 2
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Carbon/Epoxy
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Glass fiber 12 500ib

O3 Miscellaneous

Carbon/Epoxy
213 Metal
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Matrix ~  Fiber ~ Potential applications -
Aluminum Graphite Satellite, missile, and helicopter structures
Magnesium Space and satellite structures
Lead | Storage battery plates
Copper - Electrical contacts and bearings
Aluminum o Boron - Compressor blades and structural supports
Magnesium | Antenna structures
Titanium | ‘ Jet engine fan blades

- Aluminum Borsic Jet-engine fan blades

~ Titanium High-temperature structures and fan blades
Aluminum Alumina | Superconducfor restraints in fusian power reactors
Lead . - . Storage baffery plates

- Magnesium . Helicopter transmission structure

| Aluminum | | ~ Silicon carbide High-température structures
Titanium High-temperature structures
Superalloy* - - High-temperature engine components
Su-peralloy_ Molybdenum  High-temperature engine components
Superalloy High-temperature engine components

~* Cobalt base

Filament wound
Continuous fibres between alloy
(Single) s{leets with Diffasion
binder or , 1 bondin
plasma sprayed g
metal ,
Superplastic
forming & D.B. Shape
Metal deposition Braze _
-~ by plasma gun, bonding
CVD, el
| } Liquid phase
' Sheet. bonding
Infiltration by tape
powder slurry or
wire
L [nfiltration by
liquid metal
Continuous Preform
fibres (Tows) with binder

Infiltration by
liquid metal

CVD : Chemical- Vapor Deposition DB : Diffusion Bonding

a8 10. A3 BEgAE e AT
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Aluminum(50.759) Composites at 209 usage(539%)

Composites Titanium(3%) Advanced aluminum(35%)
{7-32%)
Supersonic

Composites(50%) Composites{65%)

L bt N

High-
temperature
aluminum

- pd
(6%) QOther(5%)

Other(19%) / Aluminum-

-

un 1 temperature

Metal-matrix  Lithium(15%) Metal-matrix aluminum(8%

composites{10%) composites(12%) .
Aluminum-
Lithium(109%)

a3 12, AT #8718 AL AeFAge) L F
3 23
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45
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Whiskers, short fibres
or particles
Mixing Pressing
Aloy powder
Short fibres, or I'reform with Infiltration
whiskers a binder by :]-:;‘"c" Lxtrusion Bar, tube ¢t
mel;
| Bitlet.
Net shape part slab or Rolting Mate, sheet
inprot

"articles j into - — —
Particles :;:Lei:,e,:y Forging Various shapes
Molten metal Atomised to

form a spray
Short fibres
or particles | ]

Mixed and

slir-casl
Molten or
pasty alloy

a2 .S 2 AAEs BEARe) AZFH
Subsonic

Fuselage structure

lail structure

Air inlet and propulsion unit

2650°F

1600°F

7
3250°F
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