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Abstract: A probabilistic model to simulate nucleation and propagation of internal small crack
induced by shot peening residual stress and internal inclusion was proposed to realize the simulation of
internal fatigue crack initiation process. For superalloy X, parameters of the residual stress distribution, the
‘nucleation-related’ inclusion size distribution, the microstructure-related plastic constitutive model and the
small crack nucleation and propagation required by the model were identified based on the experimental
data. Two main nucleation patterns of shot peening uniform-cross-section bar specimens were successfully
predicted by the proposed model: the inclusion nucleation in residual tensile equilibrium zone and the
inclusion nucleation in the zone without residual stress. Compared with the experiment, the proposed
model had high accuracy in predicting the internal crack initiation life and its dispersion. The error of
predicted median initiation life in residual tensile stress equilibrium zone was 2%, and the error of

predicted =30 initiation life was 37%. The error of predicted median initiation life in the zone without
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residual stress was 3%, and the error of predicted —30 initiation life was 3%. In addition, the internal

crack morphology simulated by the present model was of ‘fisheye’ shape, which was consistent with the

fracture appearance of the specimen.

Keywords: shot peening; residual stress; inclusion; small crack nucleation and propagation;

initiation life
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