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Aerocraft Aluminum Alloys and Their Materials Processing

ZHANG Xinming, LIU Shengdan
(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: In order to meet the strict requirements of various components of airplane on the service performance of the
aluminum alloys materials which are faced with the fierce substitution competition with composites and other structural ma-
terials, scientists and engineers in aluminum alloys need to keep developing new alloys and the processing technology of
their materials, try to improve the comprehensive performance and its uniformity, develop the processing principle and
technology of large specification products, and material/structural parts integration. This paper briefly introduces the de-
mand of airplane development on the high comprehensive properties and large specification products of hard aluminum al-
loys, elaborates the development of the aerocraft aluminum alloys from high static strength to high strength, toughness,
corrosion and fatigue resistance, and high comprehensive properties, as well as the aerospace structures from riveted joint-
ing and welding to processing of super-thickness plates, large-size forgings and integral structural parts; generally explain
the correspondent adjustment principle and technology on the relationship among compositions, microstructures and proper-
ties of the hard aluminum alloys materials suitable for the airplane development; as well as briefly introduces, analyzes and
discusses on some innovative technology keys for processing of the super-thickness plates of hard aluminum alloys.

Key words: aerocraft aluminum alloys; super-thickness plates; comprehensive properties; alloy composition; micro-
structure; processing
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Fig. 1 Basic requirements of durability design'']
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Fig. 2 Temperature distribution of the skin of supersonic aircraft''!
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Materials Properties:
C=Corrosion
E=Elastic Modulus SS=Shear Strength

FAT=Fatigue TS=Tensile Strength
()=important, but not critical, design requirement
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Fixed leading edge:
FAT,FT, TS,

Fuselage skin: C, CYS,
FAT, FCG, FT, SS, TS, (E)

Fuselage frame: CYS,
E, FAT,FT,TS,(C)

Fuselage stringers:
E, FAT, FT,TS,(C)

Lower spar: FAT, FCG, FT, TS,

FCG=Fatigue Crack Growth Vertical stabilizer:
CYS=Compressive Yield Strength FT=Fracture Toughness
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Horizontal stabilizer:
Upper(Tension):

E, FAT,FCG,FT, TS
Lower(Compression):
CYS, E, FAT, FT, (FCG)

CYS, E,
FT, (FCG)

Floor beams:
E, TS

Cargo tracks:

Upper wing (Compression):
Skins: CYS, E, FAT, FT, (C, FCG)
Stringers: CYS, E, FAT, FT
(C,FCG)

Lower wing (Tension):
Skins: FAT, FCG, FT, TS,(C)
Stringers: FAT, FT, TS, (C, FCG)
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Fig. 5 Requirements of main components in subsonic aircraft on performance of materials'?!
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Table 1 Aluminum alloy percentage applied in main commercial

airplanes® ) (w/% )

Age Airplane Al alloy Steel Ti alloy Composites
B747 81 13 4 1
1960 ~1970 300 76 13 4 5
B767 80 14 2 3
1970 ~ 1980 B757 78 13 6 3
A320 76.5 13.5 4.5 5.5
A340 75 8 6 8
1980 1990 747 70 11 7 11
A380 60 4 10 25
1990 =now — p7g7 20 10 5 50
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Table 2 Boeing 757 material selection in different ages“’” (w/% )

Age Al alloy Steel Ti alloy Composites
1980 78 12 6 4
1990 70 10 10 10
1995 62 8 12 18
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Table 3 Typical high strength aluminum alloys applied in the

airplane

Typical Al alloy Components applied in aircraft

Fuselage skin, lower wing skin, fuselage

2024 . .
frame, lower wing stringer
Fuselage skin, lower wing skin, fuselage
2524 . .
frame, lower wing stringer
7075 Fu.selage frame, upper wing skin, upper wing
stringer
7475 F%lselag(‘e skin, fuselage stringer, lower
wing skin
7050 Fuselage frame, wing spar, empennage
7150 Upper wing skin, fuselage stringer, upper
wing stringer, wing rib, wing spar
7055 Upper wing skin, upper wing stringer
7085 Wing spar, wing rib

P16 7050 JEAR N T B A FE 3 )
Fig. 6 Wing beam inside the wing box machined with 7050 thick plate*’
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Fig. 8 Development of yield strength and fracture toughness of

high strength aluminum alloy"*
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Table 4 Main alloying element ratio in typical Al alloys 7XXX and

2XXX
Alloy Zn/Mg ratio Alloy Cu/Mg ratio
7075 2.2 2024 2.9
7050 2.4 2324 2.7
7055 3.9 2524 3.0

£S5 ¢200 mm x300 mm 7175 S E&BHERES hOHEEEH )
Table 5 Strength difference between the surface and core of alloy 7175 forgings of $200 mm x 300 mm!!®!

Ry ,/MPa R, /MPa
Alloy Cu + Mg Zn/Mg N N
/% /% Strengt Strengt
Surface Core difference/ % Surface Core difference/%
A 4. 15 2.1 484 394 18.6 582 527 9.5
B 3.59 2.8 468 439 6.2 556 534 4
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Fig. 10  Effect of trace elements on the fracture toughness

of 7075 aluminum alloy?!
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Table 6 Decreasing of Fe, Si impurities in Al alloys 7XXX and 2XXX

Alloy Registration age Fe Si Alloy Registration age Fe Si

2024 1954 0.50 0.50 7075 1954 0.50 0.40
2124 1970 0.30 0.20 7175 1957 0.20 0.15
2224 1978 0.15 0.12 7475 1969 0.12 0.10
2324 1978 0.12 0.10 7050 1971 0.15 0.12
2424 1994 0.12 0.10 7055 1991 0.15 0. 10
2524 1995 0.12 0. 06 7085 2002 0.08 0. 06
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Fig. 15  Effect of homogenization temperature on the precipitation of Al;(Zr, Sc) dispersoids
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Fig. 16  Effect of homogenization temperature on the (a) recrystallization and (b) tensile properties of Al-Zn-Mg-Zr-Sc alloy[zﬂ
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Fig. 17  Distribution of Zr-containing dispersoids in the 1933 Al alloy
ingot homogenized by heating to 465 °C with rate of (a) 200 °C/
h and (b)20 °C/h, then held for 24 h
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Fig. 19  Effect of homogenization on the recrystallization in aluminum

alloy 7050 by (a)single- and (b) duplex-homogenization'?*’
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Fig. 20  Effect of cooling rate of 7050 Al alloy sheet after homogenization on recrystallization*>! ; (a) water-quenched to room

temperature and (b) furnace-cooled to room temperature
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Table 7 Effect of deformation degree on mechanical properties of B95 extruded rod!*’

Mechanical property

Deformation
As-extruded state Heat treated state
degree/%
R,./MPa A/ % 7/ % R, /MPa A/ % 7/ %
53 333 8.0 9.4 598 6.4 9.1
75 333 10. 6 22.8 666 8.3 15.7
85 382 10.9 17.0 666 9.7 15.1
90 402 11.6 18.5 666 9.4 15.6
95 431 10.5 17.3 666 9.7 14. 1
HART AT, YBRAR R ETS% 0, G4 R MR Mn, Cr B Ze i, IR SR R TR

S FNIBE R I s MBIl 53% W, He bk
M A IB AR /N R SoRL, FERERE HhO I AT DR B A
WA R A S 2 2, B TR R B i B,
s RIS R TT PG, IFAE A/ N IE 548, I BLai i
<111 > U, PEPERER & Sk, 00— Su [ 7
AE SR B i BB S AR R o 5% T I B M AR T A
HISZIR T M, Cr Ml Ze SREIEER o 24 B9S & A
& Mn, Crity, ZSJEFERE M 53% £ 2 95% Xt e f
BB R R R AN R, (H AT R R s ek, ik 8 B
=8

Table 8

rods without Mn and Cr/2*)

TREEX RS Mn i Cr i B9S & & IEEM 8k
Effect of deformation degree on mechanical properties of the B95 extruded

FA AR, SR, AR HI T RE R B A A
PEKAPUREDY T AR RO, TR R
WXt 7050 F 4 AR gT R B, AL AR IR R4 B R
0% . 30% . 50% F1185% I}, 2V 20 °C /K PR FE T
ME, HHEESBITRET 4% . 12% | 28% F142% , 7%
TE TRA S W £ 4 19 P JCRUB M, nXE 7050 48 45 4 B
FERI, FLEIAEER RS, 8, 15 s B, A RKEE
MR REN 3 s, HEE S FRE T 19.2% ., 22.1%
H136.9% P,

SE2 R

Mechanical property

Deformation

degree/ %

As-extruded state

Heat treated state

R,./MPa A/ % 7/ % R, /MPa A/ % Z/%
53 379 11.0 13.0 537 11.5 21.1
75 425 9.6 1.1 538 14.3 27.6
85 461 10.5 12.8 535 16.2 32.8
90 475 - - 514 16. 4 37.6
95 463 12.5 18.7 527 17.2 34. 4
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Table 9 Improvement of tensile properties of Al alloy 7055 sheet

% o

by stepped solution-treatment!+*]

Solution heat treatment R, /MPa R, ,/MPa A/ %
470 C/0.5 h 635 584 12. 4
450 °C/1.5 h +485 “C /40 min 648 630 11.9
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Fig. 21  Decreasing of recrystallization fraction in Al alloy 7055 plate

by stepped solution-treatment!+*/
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Fig. 24 TTP diagrams of some 7XXX Al alloys!®!
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quenching on the drop in hardness after aging®!
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Table 10 Properties of Al alloy 7075 in different tempers™]

Hardness Electricalconductivity

Temper (HRB) /% TACS EXCO
7075-T6511 89.5 32.0 EB/EC
7075-RRA 88.4 38.0 N/P
7075-RRA 86.4 38.2 P/EA
7075173511 82.7 41.0 P/N
7075-T73511 82.1 40. 4 N/N
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