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Small Crack Behavior and Fatigue Life Prediction for Shot Peening

Aluminum Alloy 7475-T7351
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Abstract; Experimental study of small crack behavior is made on shot peening and un-shot peening single-edge-
notch tension (SENT) specimens for aluminum alloy 7475-T7351. The weight function method (WFM) is
used to calculate the stress intensity factors (SIF) for 3D small surface cracks under the combined action of ex-
ternal uniform load and residual stresses. The calculated SIF results are added to the small crack growth calcu-
lation program, FASTRANS3. 9. This program is used to predict the fatigue life of naturally occurring small
crack growth a-N data of shot peening and un-shot peening SENT specimens under an external load of gy, =
160 MPa and R=0. 06. It is found that the reduction of small crack growth rate by shot peening residual stres-
ses is the main cause for prolonging the fatigue life of the specimens, and the fatigue life prediction method
based on small crack theory and crack closure concept can be well used to quantitatively predict the effect of
prolonging fatigue life by shot peening
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uniform tension
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Fig. 9 SIFs for 2D through crack under residual stresses
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Table 1 Calculated SIFs for 2D through crack and 3D sur-

face crack along depth direction under ¢ = 100

MPa uniform tension

KI()(\—Z])/ K]K)()—.i])/ Krs—Z[)/ er—.%l)/

¢/pm  ¢/r (MPa+ (MPa- w (MPa+ (MPa-
100-2D

m!/%) m'/?) m!/%) m'/?)
16 0.005 2.495  1.454 0.5827 —2.565 —1.494
32 0.010 3.493  2.036 0.5829 —3.790 —2.209
48 0.015 4.236  2.471 0.5832 —4.800 —2.780
64 0.026 4.814  2.827 0.5835 —5.288 —3.051
80 0.025 5.364  3.132 0.5839 —5.544 —3.237
96 0.030 5.821  3.401 0.5842 —5.770 —3.371
112 0.035 6.229  3.641 0.5846 —5.912 —3.456
128 0.040 6.597  3.859 0.5849 —5.981 —3.498
144 0.045 6.934  4.058 0.5853 —5.980 —3.500
160 0.050 7.243  4.242 0.5857 —5.760 —3.373
176 0.055 7.529  4.413 0.5861 —5.482 —3.213
192 0.060 7.795  4.572 0.5865 —5.278 —3.096
208 0.065 8.043  4.720 0.5868 —5.082 —2.982
224 0.070 8.276  4.860 0.587 3 —4.882 —2.867
240 0.075 8.494  4.991 0.587 6 —4.695 —2.652
272 0.085 8.894  5.233 0.5884 —4.321 —2.542
288 0.090 9.078  5.345 0.5888 —4.128 —2.431
304 0.095 9.253  5.451 0.5891 —3.932 —2.316
320 0.100 9.418  5.552 0.589 5 —3.743 —2.206
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Fig. 10 SIFs for 2D through crack and 3D surface crack

along depth direction under residual stresses
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Table 2 dc/dN-AK baseline for aluminum alloy 7475-T7351

AKei/ de/dN/ AK.i/ de/dN/
(MPa « m'2) (mm « JEF D] (MPa « m'/2) (mm « /5% 1)

0.934 6.94X10°8 2.710 3.37X10°°6
0.941 1.41 X107 3. 060 5.30X10°6
0.975 2.55X10°7 3. 700 1. 69X10°
1. 080 4.29X10°7 4. 310 3.75X10°°
1. 240 8.62X107 5.070 6.67X10 °
1. 420 1.23X10°6 8. 540 2.46X107*
1. 550 1.47X10 6 11. 400 5.40X10 *
1. 730 1.64X10°6 16. 500 1.31x10°
2.170 2.47X10°6 19. 200 2.35X10 3
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