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A Finite Element Method for Prediction of Pitting-corrosion
Fatigue Life Based on Damage Mechanics

Gou Yilong, Yin Zhiping, Huang Qiqing
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The continuous effects of aircraft operational environment spectrum will cause corrosion damage to
aircraft structures, which is difficult to detect or test in outside field, Based on the material’s S-N statistics and
supposing the pitting-corrosion damage as the initial defect, a model to calculate the fatigue life of pitting-corro-
sion damage by combining the damage mechanics with the finite element method is established, and an improved
damage parameters determining method is proposed. By comparing the simulation results of pitting-corrosion

damage with the test results, the method is proved to be accuracy and feasible in assessing metallic pitting-cor-

rosion damage and can be represented as references for further study in corrosion fatigue.
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Fig. 1 Damage evolution equation to determine the

material parameters flowchart
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Table 1 Damage evolution parameters fitting table of

2024-T3 aluminum alloy plate

EY ] 2p+2 a/[1078MPa~¢+D ]
1 5.518 675 3.307 04
2 4. 414 940 3.968 45
3 5. 960 169 5.820 39
4 5.932 576 5.703 98
5 5.920 710 5.646 94
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Fig. 3 Comparison of fatigue curve between calculated and

test in different damage parameters
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Table 1 Calculation results of square sum for relative error

#75 2p+2 a/[107°MPa~#*+1]  Q/%
1 5.518 675 3. 307 04 21.6
2 4,414 940 3. 968 45 19.2
3 5. 960 169 5. 820 39 1.62
4 5. 932 576 5. 703 98 1.48
5 5. 920 710 5. 646 94 1.51
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Fig.4 Schematic diagram of single pitting specimen
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Fig.5 SEM diagram of fatigue fracture
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Fig. 6 Finite element model of single pitting specimen
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Fig.7 Three kinds of corrosion pits cracking position
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Fig.8 Results of finite element static analysis
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Table 3 Comparison the results between life forecast and experimental life
1 30 230 352.9 337.1 0.02 7.08 7.4 —4.32
2 75 240 432.1 354.6 0. 04 4.87 5.2 —6.35
3 170 240 525.1 386.1 0.05 3.11 3.4 —8.53
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Fig. 10 Damage curves of different pit dimensions
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Table 4 Comparison the results between damage

method and nominal stress method
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