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Considering Turning Surface and Microstructure Influence
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Abstract: The fatigue behavior of turning specimens is significantly affected by surface state and material
microstructure. In order to improve the prediction accuracy of initiation life and its dispersion of turning compo-
nents, a probabilistic model of random small crack nucleation and propagation was proposed with turning surface
roughness, residual stress and material microstructure taken as input parameters. For superalloy X material, the
random distribution parameters of turning tool path depth, residual stress and grain size were identified and mod-
eled based on the experimental data. Then, parameters of the crystal plastic constitutive model and the small
crack nucleation and propagation model were identified. The simulation results of macroscopic crack initiation
process of superalloy X uniform—cross—section bar specimens with different grain size show that the +20 range of
simulation life sampling distribution in each grain region by the present model fully covers the corresponding test
lives, and the average simulation life is within the 1.1 times dispersion zone of the average test life. In addition,
the macroscopic morphology of the initiation cracks simulated by the proposed model is quite similar to that ob-
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served in the specimen s fracture.
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Fig.1 Projection and equivalent of a real crack on the

maximum principal stress gradient plane
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Fig.2 Flow chart of small crack nucleation and

propagation simulation program
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