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ABSTRACT: Objective The holistic life prediction approach for fretting fatigue was proposed for 2A12 aluminum alloy
based on initiation life and propagation life. Methods The initiation life was calculated using continuum damage mechanics
approach, and the propagation life was calculated using fracture mechanics approach with SIF obtained from XFEM. The
prediction life was compared with the test life. Results The results indicated that the damage mechanics approach could

consider the effect of the stress triaxiality which reflected the multiaxial stress state property. The model could effectively
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predict the fretting fatigue holistic life. The crack initiated quickly because of fretting, and the crack propagation began from

the near surface, and the propagation life accounted for the main part of holistic life. Conclusion The holistic life prediction

model considering initiation life and propagation life was perfect, and the prediction life coincided well with the test life.
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Table 1 Test and calculation data of fretting fatigue for 2A12
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P/N  o/MPa  r/mm N, N,
1 450 180 180 303 548 173 023 130 525
2 450 220 180 200430 120258 80172
3 450 308 180 146 396 99 550 46 846
4 450 331 180 107 646 75353 32293
5 900 180 225 283 922 150 479 133 443
6 900 220 225 216499 134230 82269
7 900 308 225 130385 86 055 44 330
8 900 331 225 96 852 66 828 30 024
9 450 180 115 290 793 133765 157 028
10 450 220 115 193 771 104 637 89 134
11 450 308 115 124 452 79 650 44 802
12 450 331 115 96 755 63859 32896
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Fig. 1 The process zone at the location of fretting fatigue initial

crack
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Table 2 The data of stress components
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1 450 180 180 1.00 245.33 210.41
2 450 220 180 1.02 278.52 242.01
3 450 308 180 1.05 362.55 312.45
4 450 331 180 1.12 380.21 331.24
5 900 180 225 1.00 257.32 224.20
6 900 220 225 1.03 289.10 254.35
7 900 308 225 1.07 381.01 320.13
8 900 331 225 1.12 397.20 345.30
9 450 180 115 1.00 255.31 214.20
10 450 220 115 1.03 281.50 255.32
11 450 308 115 1.06 379.30 324.20
12 450 331 115 1.13 388.20 346.41
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Fig. 2 The relationship of damage parameter 8 vs o
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Table 3 Summary of damage parameters

SHEREL SRR PSR BB

o
£ FHME R, RiJ) o /MPa In A B
1 1.00 195 -70.03 0.0579
2 1.02 250 -69.40  0.0368
3 1.05 312 -68.50  0.0171
4 1.12 340 ~67.11 0.0150
5 1.00 190 -70.08°  0.061°
6 1.03 254 ~69.55°  0.0423°
7 1.07 310 -67.96°  0.0160°
8 1.12 330 -66.12°  0.0155°
9 1.00 193 -70.15°  0.0642°
10 1.03 255 ~69.56°  0.0411°
11 1.06 310 -68.74°  0.0223°
12 1.13 355 -67.50°  0.0151°
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Fig. 4 Estimated fretting fatigue versus experimental lifetime
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Fig. 5 Percentage of fretting fatigue initiation lifetime
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