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ABSTRACT Fatigue life, surface deformation morphology, fatigue cracking and fatigue fractography
of Al-0.7%Cu (mass fraction) alloy, produced by equal channel angular pressing (ECAP) for 4 passes,
were investigated under constant stress or plastic strain control. It is shown that the specimens
displayed obvious cyclic softening, which caused some difference in fatigue life at low or high stress range
under constant stress and strain conditions. The plastic strain is carried either by shear bands only, or
by shear bands and deformation bands, in the specimens fatigued under strain control. Consequently,
fatigue cracks nucleated either along shear bands or along deformation bands. However, the plastic
strain only localized in the shear bands of the specimens under stress control, as a result, leading to

shearing fatigue cracking. The fatigue fractography consists of several different zones, including fatigue
crack initiation, slow, fast propagation and final fracture.

KEY WORDS equal channel angular pressing (ECAP), Al-0.7%Cu alloy, cyclic softening, shear
bands, fatigue
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Fig.1 Cyclic stress response curves of Al-0.7%Cu alloys

at different plastic strain amplitudes
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Fig.2 Fatigue life curves of Al-0.7%Cu alloys

(a) plastic strain amplitude vs fatigue life
(b) curves of stress amplitude vs fatigue life un-
der constant stress (curve 3) and plastic strain

(curves 1 and 2)
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Fig.3 Surface morphologies of Al-0.7%Cu alloys pressed for 4 passes, showing the formed shear bands having

45° angle to stress axis (a) and on the neighbouring surface the bands being vertical to the stress axis (b)

under plastic strain amplitude of 5x10~4, coarse deformation bands formed under plastic strain amplitude
of 2x1073 (c), bend shear bands and surface stages formed under stress amplitude of 150 MPa (d)
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Fig.4 Fatigue crack morphologies of Al-0.7%Cu alloys pressed for 4 passes, showing crack initiation along the

shear band (a) and growth toward the center of specimen (b) under plastic strain amplitude of 5x1074%,

crack initiation along the coarse deformation bands (c) and growth along both of deformation and shear

bands (d) under plastic strain amplitude of 2x10~3
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Fig.5 Fractographies of the fatigued Al-0.7%Cu alloys, showing fracture plane with an angle of 45° to the stress

axis at stress amplitude of 150 MPa (a), crack initiation zone A, slow propagation zone B and fast propagation

zone C (b), boundary of crack initiation zone and slow propagation zone observed at low (c) and high (d)

magnification, fast propagation zone of crack (e) and final fracture zone (f)

3 &g

(1) SEERAHFIER AL0.7%Cu & &¥tR R
BEWEOEHT A B4R S, 7E 2x 1074 —2x 1073 WA
Bl P, OB OB R A FE SR H RN M PR B A PSR K AL 1R

(2) LR AHE, HHBHESERGE TER

RATEHE, AT S Ak, S m T Hok &
B A TE AR AT 9 BT K.

(3) FE7p, IRAEACHRT, FREAETE LB R BY VI
E, FUIE SR AR 45° fi, G REOETIVIEE
My R ESNAET, EERIRFHER, WERS
WA AR E TR, HE, BEROER T LTEAE
WM AR,

(4) B EEHIBE S5 WT O % H 50RE TR 5l 45° fa, BT
REHE L UATI BB REE AR, 8T REK.
PRI R XM B S BT X

EEH

[1] Segal V M. Mater Sci Eng, 1995; A197: 157

[2] Valiev R Z. Prog Mater Sci, 2000; 45: 103

[3] Iwahashi Y, Horita Z, Nemoto M, Longdon T G. Acta
Mater, 1997; 45: 4733

[4] Iwahashi Y, Horita Z, Nemoto M, Longdon T G. Acta
Mater, 1998; 46: 3317

{5] Wang Y M, Chen M W, Zhou F H, Ma E. Nature, 2002;
419: 912 _

[6] Valiev R Z. Adv Eng Mater, 2003; 5; 296

[7] Agnew S R, Weertman J R. Mater Sci Eng, 1998; A244:
145

[8] Hoppel H W, Zhou Z M, Mughrabi H, Valiev R Z. Philos
Mag, 2002; A82: 1781
[9] Wu S D, Wang Z G, Jiang C B, Li G Y. Scr Mater, 2003;

48: 1605

[10] Vinogradov A Yu, Patlan V, Hashimoto S, Kitagawa K.
Philos Mag, 2002; A82: 317

[11] Vinogradov A, Nagasaki S, Patlan V, Kitagawa K, Kawa-
zoe M. Nanostruct Mater, 1999; 11: 925

[12] Vinogradov A, Washikita A, Kitagawa K, Kopylov V L
Mater Sci Eng, 2003; A349: 318

[13] Chung C S, Kim J K, Kim H K, Kim W J. Mater Sci Eng,
2002; A337: 39

[14] Liu S M, Wang Z G. Scr Mater, 2003; 48: 1421

[15] Vinogradov A, Hashimoto S, Kopylov V 1. Mater Sci Eng,
2003; A355: 277

[16] Vinogradov A, Patlan V, Suzuki Y, Kitagawa K, Kopylov
V 1. Acta Mater, 2002; 50: 1639

[17] Kim H K, Choi M I, Chung C S, Shin D H. Mater Sci
Eng, 2003; A340: 243

[18] Vinogradov A Y, Stolyarov V V, Hashimoto S, Valiev R
Z. Mater Sci Eng, 2001; A318: 163

[19] Polmear I J. Light Alloys. Edward Arnold, 1981

[20] Mughrabi H. Plastic Deformation and Fracture of Mate-
rials. UK, Cambridge: Cambridge Press, 1993

[21] Zheng L J, Chen C Q, Zhou T T, Liu P Y, Zeng M G.
Mater Charact, 2003; 49: 455

[(22] Zhang Z F, Wang Z G, Sun Z M. Acta Mater, 2001; 49:
2875

[23] Li S X, Li X W, Zhang Z F, Wang Z G. Philos Mag, 2002;
AB2: 867

[24] Suresh S. Fatigue of Materials (2nd ed). UK, Cambridge:
Cambridge Press, 1998



