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Effect of prestretching on fracture toughness of
7050 aluminum alloy
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Abstract: The effects of prestretching on the tensile property and fracture toughness of 7050 aluminum alloy plate were
investigated by optical microscopy, scanning electron microscopy, transmission electron microscopy, tensile and
toughness tests. The results show that many dislocations are generated in the prestretch process, and the dislocations can
provide efficient nucleation sites for larger equilibrium phase 7 in the ageing. With increasing the prestretching, the size
of the # phase increases, which results in the reduction in the strength. Furthermore, the distance between precipitates in
the grain boundaries becomes larger. The precipitates discontinuously distribute in the grain boundaries. The
strength-differential between the matrix and the boundary is reduced, which promotes more homogeneous deformation,
and is beneficial to the fracture toughness. With increasing the prestretching, the precipitates in the grain boundary
become coarser, and the precipitate free zones become wider, which assists the strain concentration in the deformation
process and results in continuous decrease in the resistance to fracture. In a word, with increasing the prestretching, the
fracture toughness increases.
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Fig. 1 Optical micrographs of 7050 aluminum alloy plate with prestretching of 0% (a) and 2.3% (b)
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Fig.2 Effects of prestretching on strength and fracture toughness of 7050 aluminum alloy plate
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Fig.3 TEM images of 7050 aluminum alloy plates: (a), (b) Without prestretching; (c), (d) With prestretching of 2.3% after solution

heat treatment and quenching
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Fig.4 TEM images of 7050 aluminum alloy plates after aging: (a), (b) Without prestretching; (c), (d) With prestretching of 2.3%;

(e), (f) With prestretching of 3.1%
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Fig. 5 Fracture surfaces and EDX results of

constituent particles of 7050 aluminum alloy
plates: (a) EDX results of constituent
particles Without prestretching; (b) With
prestretching of 2.3%; (c) With prestretching
of 3.1%; (d), () EDX results

ALK, i 3 I S5 R (AT A (P 4 P
7)o XEERIAAHT HHAHANBURE WA A 38 3 7 sURIE A4
(U5 A, I, RS AN A ™ EE R T
HEE. n MRUL, CrESAREDIE MRS, BT
BOENIAY, KB EIEAT M o X CHT A K
L, FECEAI SRR ZE A, AT,
WA L), WA BA B AR5, W
B

FALAAELG A S b AHEE— D IR AOR, ]
IEEYK, Wret R N2 . AR, MK
0 S DA R AL N A, et AR S b 2R
A SHICBERT RO RS TR BN, DU BT f (A i R A
Ny G AERUKIR S A AR AL TE L 2 AT
WM EREUR, e BN R, T S tiEAr
(RPRLAE U S BRI N B e RS e TT 2
S Z AT AR RS /Ny TRLRE DR DG} I 0 A )



H20 B 11

BRHE, A% TRERRT 7050 B4 b 24 I S e

2093

T Ak b, AR RIS, S SRR )
Br b AR A JF, PFZ AZ98. PFZ IRREARAG, 1
AN Sy AN e, IR Y PRZ IR AR N ) 72
WK, PFZ b ARGE T (R e 2 G, [\] & 0T
VEAH—HF, PFZ NARSE T n] (2 dh i R & A=, A
VA TE SN e (1

AR TR R0 R 5 R, Bt T AP A T 1
K, BRI W PIEE P X U R A 5 | ik
LR AT BT 2B e e A R, B Sihr 51 i
an BT ARG . S P 5 A0 R R 2508 . At B
o AHIR R G R EE A AL, W R MR e Tk
YEH

7050 FoA e OB ) W E Ty T T o A o
nn ) S W ALK R S TR, G PR AR T R (3G K,

w10 B3 TR B R, ARV AR R AR VR
5)o HHBETT L, T8k WS T DAHERT,  AEAH ] 1
IFRLSRAT N, B Pl AR TR B (R IE R, BSOM 1) BT 2R

PIPE R
4 g

1) Fibzfh 7050 6 SR DI N KR E, AL

BT LUVE R AHIOARIEAZ T, B80S R A AT
e SR ORI AR, AT AR e — 2 kA, HL
F) R IG KA B INANIE S, PFZ AR5 .

2) BEAE TRBARAS TS A3, P g AR, G
Al ' MWD, G TRERRR: SN g AR,
P A TR 25k, T AR AN S, X A
PIPEA R ARBEAG TR AR AR T B N, & ST A
Ak, PFZ A%, XTWiIZEIMEAR], LG 1E ST
SEMR, TR B T A A T S PR3 1K

REFERENCES

[1] HEINZ A, HASZLER A, KEIDEL C, MOLDENHAUER S,
BENEDICTUS R, MILLER W S. Recent development in
aluminium alloys for aerospace applications[J]. Mater Sci Eng A,
2000, 280(1): 102-107.

21  E 5%, ZEMUE, QSN SRR S G SAl R R N
HMIZE R I BB REU)]. A ()R N T, 2008, 37(3): 38—40.
WANG Hu, LI Jing-yong, LIU Zhi-peng. The effect of
pre-tensile on aluminum alloy welding residual stress and strain
were respectively simulated by ANSYS[J]. Nonferrous Metals
Processing, 2008, 37(3): 38—40.

[3] LI Zhi-hui, XIONG Bai-qiang, ZHANG Yong-an,
Bao-hong, WANG Feng, LIU Hong-wei.

strength, toughness and microstructure of an Al-Zn-Mg-Cu alloy

ZHU

Investigation on

(4]

[3]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

pre-stretched thick plate in various ageing tempers[J]. Journal of
Materials Processing Technology, 2008, 209(4): 2021-2027.
DIXIT M, MISHRA R, SANKARAN K K. Structure-property
correlations in Al 7050 and 7055 high-strength aluminum
alloys[J]. Mater Sci Eng A, 2008, 478(1/2): 163—172.

WANG D, MA Z Y. Effect of pre-strain on microstructure and
stress corrosion cracking of over-aged 7050 aluminum alloy[J]. J
Alloys Compd, 2009, 469(1/2): 445-450.

WANG D, NI D R, MA Z Y. Effect of pre-strain and two-step
aging on microstructure and stress corrosion cracking of 7050
alloy[J]. Mater Sci Eng A, 2008, 494(1/2): 360—366.
WATERLOO G, HANSEN V, GJONNES J, SKJERVOLD S R.
Effect of predeformation and presaging at room temperature in
Al-Zn-Mg-(Cu, Zr) alloys[J]. Mater Sci Eng A, 2001, 303(1/2):
226-233.

DESCHHAMPS A, LIVET F, BRECHET Y. Influence of
an Al-Zn-Mg
Microstructure evolution and mechanical properties[J]. Acta
Mater, 1999, 47(1): 281-292.

WU Ling-mei, WANG Wen-hsiumg, HSU Yung-fu, TRONG

Shan. Effects of homogenization treatment on recrystallization

predeformation on ageing in alloy: L

behavior and dispersoid distribution in an Al-Zn-Mg-Sc-Zr alloy
[J]. J Alloys Compd, 2008, 456(1/2): 163—169.

SHA G, CEREZO A. Early-stage precipitation in Al-Zn-Mg-Cu
alloy (7050) [J]. Acta Mater, 2004, 52(15): 4503—4516.
SHARMA M M, AMATEAU M F, EDEN T J. Hardening
mechanisms of spray formed Al-Zn-Mg-Cu alloys with
scandium and other elemental additions[J]. J Alloys Compd,
2006, 416(1/2): 135-142.

W, B, AR W R AT SR A BT,
FHELFAR, 2002, 16(7): 14-17

PAN Zhi-jun, LI Wen-xian. Current status and future trends of
research on fracture toughness of high strength aluminum
alloys[J]. Materials Review, 2002, 16(7): 14—17.

GOKHALE A M, DESHPANDE N U, DENZER D K, LIU John.
Relationship between fracture toughness, fracture path, and
microstructure of 7050 aluminum alloy: Part II. Multiple
micromechanisms-based fracture toughness model[J]. Metall
Mater Trans A, 1998, 29(4): 1203—1210.
CVIIOVIC Z, RAKIN M, VRATNICA M, CVIOVIC 1.
Microstructural ~ dependence of fracture toughness in
high-strength 7000 forging alloys[J].
Mechanics, 2008, 75(8): 2115-2129.
KAMP N, SINCLAIR I and STARINK M J. Toughness-strength
relations in the overaged 7449 Al-based alloy[J]. Metall Mater
Trans A, 2002, 33(1): 1125-1136.

DUMONT D, DESCHAMPS A, BRECHET Y. On the
relationship between microstructure, strength and toughness in
AA7050 aluminum alloy[J]. Mater Sci Eng A, 2003, 356(1/2):
326-336.

CVIJOVIC Z, VRATNICA M, RAKIN M. Micromechanical

Engineering Fracture

modelling of fracture toughness in overaged 7000 alloy
forgings[J]. Mater Sci Eng A, 2006, 434 (1/2): 339-346.

(4miE  fF4E)



