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Effect of microstructures on fatigue crack propagation in
2E12 aluminum alloy

YAN Liang"?, DU Feng-shan', DAI Sheng-long?, YANG Shou-jie’

(1. School of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China;
2. Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: The interrelationship between microstructure and fatigue crack propagation behaviors of 2E12 aluminum alloys was
investigated at room temperature in air. The microstructures and fatigue fracture surfaces of the alloy were examined by optical
microscopy, transmission electron microscopy and scanning electron microscopy. The results show that the fatigue crack
growth rate is proportional to the volume fraction of micro-sized second-phase particles. And with the increase of
submicro-sized second-phase particles size and the decrease of grain size, the fatigue cracks propagate much slowly, reducing
by 30% or more at Pairs region. In a low fatigue crack growth rate region, alloy shows quasi-cleavage fracture features. In a
middle fatigue crack growth rate region, the fatigue striation features are clear.
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Table 2 Mechanical properties of 2E12 aluminum alloy
Alloy No. o,/MPa o/MPa 0%
1 1 458 323 17.7
2 458 331 20.5
2 mm 2E12-T3
1 1 2.2
29 mm 2 da/dN
(498+2) 2.0 mm AK
96 h T3 2 2 1
GB6398—86 Pairs
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Table 1 Chemical composition of 2E12 aluminum alloy 107 .
Alloy Mass fraction/% 100 10! 102
No. Cu Mg Fe Si Mn Ti Cr Al AK/(MPasm'?)
I 40 14 006 006 0.6 002 001 Bal 2 2E12 AK
2 419 142 011 002055 0011 0.01 Bal Fig.2 Relationship between fatigue crack growth rate and AK
for 2E12 Al alloy
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Fig.1 Schematic diagram of sample for fatigue crack growth AK=10 MPa-m"? 30%

rate test (mm)
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Table 3 C and n of alloys under different conditions and da/dN at different AK

da/dN=CAK"/(mm-cycle ")

Alloy No. C n
AK=10 MPa-m'” AK=15 MPa-m'? AK=20 MPa-m'?

1 7.91=<10°® 3.12 1.04>107* 3.69><107* 9.07=<10"*

2 1.72<1077 2.61 7.01=<107° 202107 428><107*
da/dN =7.91x10 8 AK *12 (1)
da/dN =1.72x107" AK > ®)
2.3
23.1

3 4 1 2
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Fig.3 Optical microstructures of alloy 1: (a) Rolling plane;

(b) Longitudinal plane; (c) Transverse plane

Fig.4 Optical microstructures of alloy 2: (a)Rolling plane;

(b)Longitudinal plane; (c)Transverse plane
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5 SEM 6 TEM
Fig.5 SEM images of micro-sized second-phase particles in Fig.6 TEM images of submicro-sized second phase particles

alloys: (a) Alloy 1; (b) Alloy 2 in alloys: (a) Alloy 1; (b) Alloy 2
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Fig.7 Morphologies of fractures at AK=7.87 MPa-m'? for
8 AK=20 MPa-m"? alloys: (a) Alloy 1; (b) Alloy 2
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Fig.8 Morphologies of fractures at AK=20 MPasm"? for alloys: (a) Alloy 1; (b) Higher magnification for (a); (c) Alloy 2; (d) Higher

magnification for (c)
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Fig.9 Morphologies of final fracture zone for alloys: (a) Alloy 1; (b) Alloy 2
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