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Fatigue performance of 7475-T7351 aluminum alloy plate
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Abstract: The optical microscopy, orientation distribution function and scanning electron microscopy were used to
investigate the fatigue properties and the rate of fatigue crack growth of 7475-T7351 alloy plate with thickness of 25 mm.
The results show that the fatigue strength is anisotropic for the plate, it is 300 MPa along the transverse direction and 310
MPa along the longitudinal direction, respectively, and the fatigue life is longer than 1 X 107 cycle. Under the conditions

of K=1, stress ratio R=0.1 and stress intensity factor amplitude AK=30 MPa-m"?

, the fatigue crack growth rate da/dN
along the longitudinal and transverse direction are 2.73X10°—4.41X10° mm/cycle and 5.76 X10°—8.22X10°°
mm/cycle, respectively. The fatigue cracks mainly initiate on the non-metallic inclusions containing O, Na, CI and coarse
second phase on the sub-surface. A large number of striations are observed in the fatigue propagation zone, and a mixture
of small dimples and cleavage is observed on the fracture surface in the fatigue fracture zone.
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Table 1 Chemical composition of 7475 aluminum alloy plate

(mass fraction, %)

Zn Mg Cu Cr Mn
5.96 2.22 1.60 0.22 0.06
Ti Fe Si Al
0.06 0.064 0.028 Bal.
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Fig. 1 Schematic diagrams showing sample dimension of
7475-T7451 aluminum alloy plate: (a) Fatigue life estimation
specimen in axial direction; (b) Fatigue crack growth rate test

specimen
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Fig. 2 3D-optical microstructure of 7475-T7451 aluminum
alloy plate (L: Longitudinal direction; T: Transverse direction;

ST: Short transverse direction)
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Fig. 3 Orientation distribution function (ODF) of 7475-T7451

aluminum alloy plate
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Fig. 4 Fatigue S—N curves of 7475-T7351 aluminum alloy
plate along different directions: (a) Transverse direction; (b)

Longitudinal direction
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Fig. 5 Effects of fatigue stress on fatigue life cycle under different conditions: (a) K=3; (b) K=1
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Fig. 6 Fracture SEM images of fatigue strength test specimen in 7475-T7351 aluminum alloy plate: (a) Low magnification;

(b) High magnification
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Fig. 7 SEM images and corresponding EDS patterns in different areas of fatigue fracture crack initiations: (a), (a’) Slag inclusion

area; (b), (b’) Non-slag inclusion area
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Fig. 8 SEM image(a) of dimple and EDS pattern(b) of second phase particle composition
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Fig. 9 Effects of stress amplitude on fatigue
striation of 7475-T7351 aluminum alloy plate
in T-L orientation: (a) 400 MPa; (b) 330
MPa; (c) 300 MPa
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Table 2 Relationship between fatigue crack growth rate(da/dN) and stress intensity factor amplitude(AK) in 7475-T7351 aluminum

alloy plate
Orentation Sample No. Frequency/Hz AK/(MPa'm'?) da/dN/(10mm-cycle ")
L, 10 30.17 2.73
Longitudinal L, 10 30.61 3.58
direction | 10 30.61 4.41
Ly 10 30.94 2.79
T, 10 29.94 7.29
Transverse T, 10 30.44 7.47
direction T; 10 30.45 8.22
Ty 10 29.65 5.76
Note: K=1, R=0.1.
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Fig. 10 Relationship between fatigue crack growth rate and stress intensity factor amplitude along different directions (K=1,

R=0.1): (a) Transverse direction; (b) Longitudinal direction
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Table 3 Fatigue crack growth rate(da/dN) of specimen in different stress intensity factor amplitudes(AK)

Specimen da/dN=c(AK)"/(mm-cycle ")

orientation ¢ " AK=10 MPa-m"? AK=20 MPa-m"? AK=30 MPa-m"?
L-T 440X 1077 2.478 2.73%X107 3.04x107* 4.41x10°
T-L 4.40%x1077 2.758 576X 107 6.55X107 8.22x107°

B YL R SEM £

Fig. 11 Fracture SEM images of crack growth in different areas of longitudinal specimen: (a) Low speed area; (b), (c) Stable

extension area; (d) Fast extension area
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Fig. 12 Fracture SEM images of crack growth in different areas of transverse specimen: (a) Low speed area; (b), (c) Stable

extension area; (d) Fast extension area
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