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Multiaxial equivalent strain fatigue life prediction model based on critical

plane theory

Zhao He! Ran Yong' Li Bin’
1.School of Mechanical and Electronical Engineering, Lanzhou University of Technology, Lanzhou, 730050

Liu Jianhui!

2. Gansu Construction Vocational Technical College, Lanzhou, 730050

Abstract: In view of the defect that the effect of non proportional additional strengthening is not considered in
the equivalent strain model, this paper takes the plane where the maximum shear strain amplitude is located as the
critical interface and introduces the maximum normal stress, normal strain range and phase difference in the shear
plane as damage parameters to reflect the additional strengthening effect under non proportional loading. The
influence of the maximum normal stress and normal strain range of the critical plane on the crack initiation and
propagation is also considered. Thin-walled tube specimens made of five kinds of materials, 16MnR, GH4169,
S460N, 45 steel and pure Ti, were used to verify the correctness and effectiveness of the proposed model. Meanwhile,
compared with three classical models, the results show that the prediction ability of the proposed model is better than
the other three models and the life prediction results are more accurate.

Keywords: multiaxial fatigue; equivalent strain; critical plane method; phase difference; non-proportional
additional hardening.
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Fig.1 Relationship between impact factor and phase difference
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Table 1 Values of u for different materials
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Table 2 Uniaxial tension-compression fatigue parameters

R E/GPa  o/MPa  of/MPa & b c

16MnR 2125 351.4 966.4 0.842 -0.101 -0.618
GH4169 182.0 1000.0 1565.2 0.162 -0.086 -0.580

S460N 209 500 969 0.28 -0.09 -0.5
45 190 370 843 0.3269  -0.1047  -0.5458
Pure Ti 112.0 475 647 0.548 -0.033 -0.646
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Table 3 Torsional fatigue parameters of materials

R GIGPa 7 IMPa ¥ bo o
16MnR 81.1 345 0.712 -0.057 -0.512
GH4169 67 1091.6 4.46 -0.07 -0.77
S460N 80 559.5 0.48 -0.09 -0.5
45 4 79 559 0.496 -0.1078 -0.469
Pure Ti 40 485 0.417 -0.069 -0.523
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Fig.3 Comparison result of predicted life and experimental life
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