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Fig. 1. An abbreviated history of structural materials for airframe.
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Table 1. Chemical composition and mechanical properties of Al-Li alloys under development®,

5.

Composition (wt% ) H Yield | Tensile| Elonga- Density| Elastic Terget
Alloy eat strength|strength| tion Kic %\ | modulus| properties in
Li|Cu| Mg | Zr | Fe | si treatment | "(MPpa) | (MPa) | (%) | (MPavm) | (&/em™)| (GpaY| Similar alloy
Alcoa
Alithalite B| 1.9 | 2.4 0.08 T8
(2090) 256 310 <0.25 0515 <0.12| <0.10 Plate (L) 530 569 7.9 42.5 2.59 | 78.6 | 7075-T6X
Alithalite A| 2.1 | 1.1 | 0.8 |0.08 T8
(8090) 257 1s6 1s4 0515 <0.15 | <0.10 Plate (L) 400 | 476 9 45.6 2.55 | 78.6 | 2024-T3X
Alithalite D| 2.1 | 0.5 | 0.9 |0.08 8 ‘
2s7 058 1s4 0s15 <0.15 | <0.10 Plate (L) 406 | 488 7.5 45.3 2.55 | 78.6 | 7075-T73X
Alcan
Lital A 2.31.0] 0.5 [o0.08 8
(8090) 257 156 150 Osm <0.3 | <0.2 Plate (L) 450 | 500 5.5 36 2.54 2014-T6X
Lital B 2.4 1.6 0.5 |0.08 -
(8091) 2$8 zsz 1’2 0‘16 <0.3 | <0.2 Plate (L) 520 | 560 4.0 28 2.55 7075-T6X
Lital C 2.311.0| 0.5 |0.08 ' Lital
§ § § j ]1<0.3 | <0.2 |A(Partially aged) | 400 450 5.0 45 2.54 2024-T3X
2.6 [1.6| 1.0 [0.16 Plate (L)
Py 0
71 22| 1.0] 0.6 |0.04 2.52
T6(Sheet) 445 555 7 37
- (8090) 2?7 1?6 1?3 O.le <0.3 | <0.2 T651(Sheet) 10 | 20 7 S 2554 81.2
CP274 1.7 | 1.8 1.1 |o0.04 2.57
(2091) zs § 1;9 . ;| <0.3 |<0.2 T651(Sheet) 430 | 480 | 12 \ g 78.8
3|25 : .16 .59
CP276 1.9 25| 0.2 |o0.04 575 | 600 2.57
i j j ;[ <0.3 | <0.2 (ETG*“. ) § j 5 { 80.2
3.3 3.3 0.8 [0.16 xtrusion 625 655 2.60
BFHEhTWES, BATAZ LI EREOSEL BIEL T, BUMI%EIC

COBBICEILD EFHITHD, BRKOT VI =L EFLOCHEEZT, TLEF Yot~y 7 %L
A=F—ZBWT, T NVIZT2EEOBEIBEAI HEE - CRSICIOML L 9108 572,

TTbhTwa, HRERBEPOE4L 13, Al-Li-Cu-Mg-Zr % & Al-
3-2-1 Al-Li &% Li-Cu-Zr RiCKBI SR, Lil~3% &ML 2HED
BAEREFOT VI =Y A 5E&0 5K, T, WM, b 10% KT &, #HEED 15~20% L% BEICHE
EMROMEXBIF L AL 8227 CIiEE SR 56 TWwa, Table 12 KHRPORERHNLEGEOM

W EAEEERL 7.
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Table 2. Heat-treatments and mechanical properties of 8090 plate®.

0.2% proof stress Tensile strength Fracture stress Elongation to failure RA (%)
Temper Temperature (MNm™2) (MNm™2) (MN m~2) (%) °
(K) L T ST L T ST L T ST L T ST L T ST
T351 295 196 199 162 287 289 271 324 413 302 15.6 13.2 17.0 14.9 36.5 14.0
199 195 161 284 288 266 318 405 309 15.6 14.0 16.0 14.8 34.3 19.0
233 204 195 155 292 292 267 400 425 303 14.7 13.6 15.0 33.5 43.3 20.3
206 195 161 292 292 289 413 443 369 17.0 14.0 16.3 35.6 46.1 30.1
183 195 191 173 280 280 302 338 418 395 12.0 13.9 18.0 28.6 44.8 31.7
195 186 175 280 283 296 336 391 404 14.4 14.8 16.5 28.9 41.9 36.0
153 215 208 178 313 317 297 367 444 354 19.2 14.5 16.7 28.1 46.2 27.7
222 200 181 322 319 296 387 424 418 18.2 17.0 17.3 28.1 38.8 40.8
115 238 221 183 337 355 320 400 470 433 17.2 16.7 17.4 24.7 37.0 31.9
231 178 188 364 378 316 476 483 385 19.0 16.8 18.7 32.1 33.7 25.8
77 231 222 184 420 409 336 550 529 382 22.0 18.8 10.0 23.7 23.8 12.2
233 230 180 425 415 324 519 537 356 23.0 20.7 9.5 18.9 24.2 8.85
T651 295 419 409 323 490 478 431 514 506 443 5.72 5.20 3.30 5.10 5.57 2.75
415 408 335 491 476 399 520 510 415 5.60 5.20 1.90 5.71 6.64 3.79
233 441 411 350 504 479 422 549 509 432 6.60 4.40 2.50 8.39 5.83 2.41
441 - 321 503 — 420 540 — 429 6.00 — 2.00 7.71 — 2.09
183 416 380 321 477 455 428 521 487 437 5.80 4.52 2.50 9.13 6.47 2.07
415 380 328 482 461 428 557 492 435 6.76 4.56 2.00 | 13.5 6.27 1.78
153 433 398 356 532 504 399 572 534 405 6.60 4.40 0.50 7.29 5.55 2.74
433 407 329 539 506 404 576 533 420 7.00 4.20 1.20 6.37 4.93 3.33
115 424 416 402 562 518 409 623 546 416 6.76 3.96 0.60 9.84 5.14 1.65
451 — — 566 — — 612 — — 6.72 — — 7.45 — —
77 445 417 356 611 537 407 651 566 413 9.20 4.00 1.48 6.15 5.06 1.48
444 416 356 606 541 399 646 568 403 8.00 4.24 1.14 6.09 4.81 1.14
Table 3. Characteristics of rapidly solidified PM aluminum alloys®.
Room Temperature 315°C
Class  Alloy Composition (g /gma) Temper?® UTS Ys EL UTS Ys EL
(MPa) (MPa) (%) (MPa) (MPa) (%)
A 7090 Al-8Zn-2.5Mg-1Cu-1.5Co T7E71 ext 627 586 10
A 7091 Al-6.5Zn-2.5Mg-1.5Cu-0.4Co T7E69 ext 593 545 12
A CwWe67 Al-9Zn-2.5Mg-1.5Cu-0.14Zr-0.1Ni 2.88 T7X2 ext 614 580 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° 5.5¢
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 | 27 225 7.3
B P&W Al-8Fe-2Mo-V 2.92 As-extruded 512 393 3.0 237 208 9.7
B  Bol4 Al-8Fe-1.5V-1.5Si As-extruded 493 457 11.1° | 287 275 9.2
B 452 Al-10Fe-2.5V-2Si 2.99 As-extruded 588 566 8.6° | 270 256 12.3
B 481 Al-12.2Fe-1.2V-2.255i As-extruded 720 588 5.8" 311¢ 298¢ 6.5
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 ) 2.49 375°C/8h 596 509 3.1
(o} Al-3.7Li 2.43 627 517 7
C Al-2.5Li-11Be 2.42 504 432 5.2

3 oext=extrusion or extruded ; forg=forging b Fracture strain ©343°C
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Table 4. Chemical composition of mechanically
alloyed aluminm alloys®.

Alloy c* 0*2 Mg Cu Li Al
IN-9052 1.1 0.8 4.0 — - Bal.
IN-9021 1.1 0.8 1.5 4 — Bal.
MA Al-Mg-Li 1.1 0.4 4.0 — 1.5 Bal.

* .
M Present as carbide
2 Present as oxide
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Table 5. Comparison of typical properties of mechanically alloyed and ingot metallurgy aluminum alloys of

similar compsition®.
Density Dynamic elastic ) 0.2% Ultimate tensile Elongation Fracture
Alloy (Mg m—3) modulus yield stress stress (%) toughness
gm (GNm™?) (MN m™2) (MN m~2) (MN m~%2)
IN-9052* 2.66 74.4 470 13 46
5086-H34 2.66 74.4 324 10 —
IN-9021-T4*2(T6)*3 2.78 76.5 500(560) 570(600) 12 30(44)
2024-T4 2.78 75.1 468 19 32
MA Al-Mg-Lit 2.57 80.6 500 10 30
7075-T73 2.52 — 480 7 33
*  As-forged

*2 Forged, solution treated (500°C), cold water quenched, aged naturally
*3 Forged, solution treated (500°C), cold water quenched, aged at 135°C
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Fig. 7. Comparison of fatigue characteristics of
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Table 6. Some physical properties of intermetal-
lic compounds'?.

Young’s

Alloy Structure modulus T,.(°C) T.°C) [()ensnty
‘ (106 psi) g/cc)
TiAl L1 25.5 1460 1460 3.91%
TizAl DOy 21.0 1600 1100 4.2%2
NiAl B, 42.7* 1640 1640 5.86*
NizAl L1, 25.9¢ 1390 1390 7.50%*
FeAl B; 37.8>  1250-1400 1250-1400 5.56*
Fe3Al DO; 20.4° 1540 540 6.72*
CoAl B, 42.7° 1648 1648 6.14%*
Zr3Al L1, 19.6f 1400 975 5.76*
FesSi DO; 39.4¢4 1270 1270 7.25*
CogV hex - 1400 1070 7.92%*
(FegsCorg)3V  Lly — 1400 950 7.80%*
(FegoNigo)3 L1, — 1400 680 7.60%*
(VogTis)

* Calculated from lattice parameter data

*2 Estimated .

: SCHAFRIK (1977) ®: WOLFENDEN (1983) ©: MORGAND ef al. (1968)
4. H. A. LIPSITT (unpublished) ©: STOLOFF and DAVIES (1965)

. TURNER et al. (1978)

(1 ) Microalloying (~ 500 ppm wt% @ % & JCE RN
%)

( 2 )Macroalloying (1.0 at% LA LD #E=TTERINGE)

(3)3 7 oHlRED

(4) b &1k

72 & Z1E NizAl SZRICB T H8EP O, 0% T
HBHN, WEOKRD VILERIMIE T 30% ZmbL,
I MR e O RN BRIR A LT 5. 7,
NiAl (23 L CTid 0.5% FZEED Mo OIMAHR & v b
s,

D3, BZEILEOEME FIREIC, @)% S
AWLFE (Thermo-mechanical treatment) 2 & % Z iR M
WEOMELHEDO SN TS,
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Table 7. Comparison of fiber properties'®.
. Young's Strain to Specific Specific . Highest
Fiber type Specl{lc modulus Strength failure strenl ;h modulus Diameter usal;lge ::mp.
gravity (E GPa) (0 GPa) (% (a/p (E/0) (pm) e
E Glass 2.5-2.6 69-72 1.7-3.5 3 1.18 27.6 5-25 350
S Glass 2.48 85 4.8 5.3 1.94 24.3 5-15 300
Boron 2.4-2.60 365-440 2.3-2.8 1.0 0.88-1.08 140-191 33-140 2000
Carbon H. M. 1.96 517 1.86 0.38 0.95 164 8-4 600
Carbon H. S. 1.8 295 5.6 1.8 3-11 164 5.5 500
Al303 Dupont 3.95 379 1.38-2.1 0.4 0-46 96 20 1000
Nicalon SiC 2.8 45-480 0.3-4.9 0.6 0.47 26 10-12 1300
Avco SiC 2.7-3.3 427 -3.4-4.0 1 1.1 116 140
Al,O3 3.25 210 1.8 1.17 0.55 64.6 17 1250
Tyranno Ube 2.4 120 2.5 2.2 1.04 50 1 1300
Nextel-3M 2.5 152 1.72 1.95 0.8 156 13 1200
Al,03 (ICI) 3.3 300 2 1.5 0.8 120 3 1000
Si0Oy 2.2-2.5 75 5.9 1.5-1.8 2.3-2.7 28.8-32 1-3 1100
Nylon 66 1.2 <5 1 20 0.8 4.1 25 150
Polyester 1.38 <18 0.8 15 0.6 13 25 150
Kevlar 49 1.45 135 3 8.1 2.1 93 12 250
Technova-HM50 1.39 75 3 4.3 2.1 54 12 250
Spectra 900 0.97 117 3 3.5 3.1 120 38 120
From the paper “Fibre Reinforcements — Past, Present and Future” by A. R. BUNSELL of the Ecole National Superieure des Mines de Paris
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Fig. 8. Comparison of carbon fiber properties'?.
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Table 8. Typical properties of thermoplastics'”.
° ° Processing
Polymer Struture Dry T, ((°C) T, (°C) temperature (°C)

Poll%'ggleretherketone Semicrystalline thermoplastic 143 343 360-400

PEEK 380P

ICI 450P
Polyetherketone (PEK) BASF Semicrystalline thermoplastic 165 365 400-450
Poly (EKEKK) BASF (Ultra Pek) Semicrystalline thermoplastic 173 370 420-450
Polyimide (Larc-TPI) Mitsui Toatsui Rogers Amorphous pseudothermoplastic 250 325 ~350
Polyethersulfone (HTA) ICI Amorphous thermoplastic 260 — 400-450
Polyetherimide (Ultem 1000-6000) GE Amorphous thermoplastic 217 — ~350-400
Polyetherimide (P-IP) Mitsui Toatsui - Semicrystalline thermoplastic 270 380 380-420
Polyimide 2080 Lenzing Amorphous pseudothermoplastic 280 — 350
Polyimide (Matramide 9725) Ciba-Geigy Amorphous pseudothermoplastic 265 — 350
Polyimide (PMR-15) Hysol Amorphous thermoset 320 — 315

* Under evaluation at BASF Structural Materials Inc.

by

|, T

Carbon/Epoxy Glass fiber

=3 Metal [ Miscellaneous

Fig. 9. Materials distribution in the body structure of

V-22 tilt rotor aircraft'®.
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Table 9. Potential applications of metal matrix composites!®.

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 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 Superconductor restraints in fusion power reactors
Lead Storage battery plates
Magnesium Helicopter transmission structures
Aluminum Silicon carbide High-temperature structures
Titanium High-temperature structures
Superalloy * High-temperature engine components
Superalloy Molybdenum High-temperature engine components
Superalloy Tungsten High-temperature engine components

* Cobalt base

Filament wound
Continuous fibres between a;lloy
(Single) sheets witl —
binder or — t[')lff;swn
plasma sprayed onding
metal -
Superplastic |
forming & D.B. Shape
Metal deposition Braze
by plasma gun, — bonding
CVD, etc.
| | Liquid phase
Sheet, bonding
|| Infiltration by tape
powder slurry or
wire
|| Infiltration by | |
liquid metal
" Continuous Preform ||
fibres (Tows) with binder
__| Infiltration by
liquid metal

CVD : Chemical-Vapor Deposition

DB : Diffusion Bonding

Fig. 11. Process routes for production of continuous fiber reinforced composites®?,
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MixingHTressing ]-——‘
Alloy powder
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metal Extrusion }—LBar, tube etc. ]
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| Mixed and
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Molten or
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Fig. 12. Process routes for production of discontinuous fiber or article composites®®
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Fig. 13. Room temperature strength characteristics of MMC developed by the research
project for future industries®?.
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M40-S/5056 H(
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Fig. 14. High temperature
_ strength characteristics of

| MMC developed by the re-
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