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Effect of stress amplitude ratio on multiaxial fatigue crack initiation and

propagation behavior of 2A12-T4 aluminum alloy
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(1. College of Aerospace and Astronautics, Chongging University, Chongqing 400044, P. R. China;
2. School of Aeronautic Science and Engineering, Beihang University, Beijing 100191, P. R. China)

Abstract: Prediction of fatigue failure behaviors by simplified uniaxial loads are no longer applicable since
many of the engineering structures are often subjected to complex multiaxial fatigue loads during
service. Therefore, accurately predicting the multiaxial fatigue failure behavior of engineering structures
under complex loads is of great significance for improving structural safety. Fatigue crack initiation and
propagation is the most intuitive response to fatigue failure behavior. In this study, multiaxial fatigue tests
under different stress amplitude ratios with fixed von Mises stress amplitude were carried out by using
2A12-T4 aluminum alloy solid round bar specimens. The surface crack initiation and propagation path of

the specimen under different stress amplitude ratios were studied by observing the specimens under a

Wo#s B #:2019-09-25 M4 H AR E #8:2019-12-16
EEWHE:HRXARBAEEEHIA 1172021,
Supported by the National Natural Science Foundation of China(11172021).
TEEB N MK Q994 B, R R F R A, EENE &8 ZHE 5515 . (E-mail) 201731021009@ cqu.edu.cn,
BIAESE ka5 5L A S0, (E-maiDjyzhang@cqu.edu.cen,



80 TR K FFHK % 43 %

metallographic microscope, and the multiaxial fatigue failure behavior of 2A12-T4 aluminum alloy under
different stress ratios was discussed. Results show that many cracks initiate on the surface of all the
specimens, but the main crack which causing fatigue failure was only one. The crack initiation direction is
always close to the maximum shear stress amplitude plane, and the length and direction of the stage I
crack are all affected by the stress amplitude ratio. Propagation of the main crack are mainly along the
maximum shear stress amplitude plane, which means the maximum shear stress amplitude is the main
control parameter that causes the multiaxial fatigue failure of 2A12-T4 aluminum alloy.

Keywords: multiaxial fatigue; 2A12-T4 aluminum alloy; stress amplitude ratio; crack initiation

and propagation
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Table 1 Chemical composition and weight percent of 2A12-T4 aluminum alloy %

w (Cu) w(Mg) w (Mn) w (Si) w(Fe) w(Zn) w (TD w (N1 w(AD

4.10 1.50 0.66 0.24 0.33 0.08 0.02 0.01 i
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Table 2 Mechanical properties of 2A12-T4 aluminum alloy

E/GPa c,/MPa o./MPa S/ % G/GPa z./MPa 7,/MPa
76.8 395.1 568.4 12.7 29.4 419.8 210.5
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Fig. 1 Shape and dimensions of specimens
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Table 3  Stress amplitude and fatigue life under different load paths

N

X

e
e
Wio wn

8

W45 R 7 8 e 6. /MPa 7, /MPa N /&%

L-1 0.0 330.00 0.00 50 435
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gE3
WG R N 771 L 6. /MPa z, /MPa N /1E¥H
L-2 0.5 249.46 124.73 36 651
1.-3 1.0 165.00 165.00 81 027
-4 J3 104.36 180.75 37 256
L-5 © 0.00 190.53 51 705
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Table 4 Calculated orientations MSSA and MN planes

A MSSA/ (%) MN/(*)
7,0

0.0 —45.0/45.0 0.0
T 0.5 —22.5/67.5 22.5

1.0 —13.3/76.7 31.7

Nl —8.0/82.0 37.0

oo 0.0/90.0 —45.0/45.0

B3 FEFEEX

Fig. 3 Definition of plane direction
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Fig. 4 Typical cracks on the surface of the specimen when A =0
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Fig. 5 Typical cracks on the surface of the specimen when 4 =0.5
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Fig. 6 Typical cracks on the surface of the specimen when A =1
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Fig. 7 Typical crack on the surface of

the specimen when 4 =./3
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Fig. 8 Typical crack on the surface of

the specimen when 4 =o0
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Table 5 Number of surface cracks on the specimens

A e BB/ % O T] AR e R/ A&
0 23 9
0.5 58 8
1.0 162 25
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Fig. 9 Crack initiation orientations under different stress ratios
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Fig. 11 Main crack path of test piece surface
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Table 6 Length of the stage I crack

A 81 BBk B/ pm ¥I{H/pm
0.0 72.47,84.00,83.00,175.00,64.00,195.00,112.87,134.19,266.00 131.84
0.5 147.85,141.86,53.50,476.00,170.00,176.00,378.00,459.00 250.27

Lo 29.95,145.76,140.24,184.24,116.40,206.00,23.19,141.00,157.35,223.56,117.32,48.50,172.37, 138.32
' 194.51,90.69,105.00,80.00,159.75,259.00,310.00,131.00,109.50,185.00,42.00,86.00 '

V3 58.75,13.00,64.47.,55.64,60.84 50.54

o 127.78,48.41,173.47,86.35 109.00

KT FARAENMELTREERRFFRHBRIKE

Table 7 Main crack lengths of different specimens under different fatigue life ratios

W 35 L-1 L-2 L-3 L-4 L-5
M JEHEC KB /pm JEMRC KE/pm 0EFREC KE/pm o B KE/pm MR KE/pm
N, 10 000 89.17 20 000 37.15 30 000 98.96 20 000 679.17 20 000 243.83
N, 15 000 163.03 30 000 2 018.47 50 000 209.00 23 000 912.25 30 000 398.00
N, 20 000 170.44 33 000 3 569.54 70 000 2 112.30 26 000 1 234.00 40 000 1 083.31
N, 25 000 194.58 36 000 6 538.39 — — 29 000 1 640.97 45 000 2 910.48
N 30 000 464.27 — — — — 32 000 2 050.38 50 000 5 405.85
N 35 000 695.36 — — — — 35 000 4 614.91 — —
N, 40 000 1 251.39 — — — — — — — —

Ny 45 000 2 019.76
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Fig. 12 Variation of crack propagation length with fatigue life ratio
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