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(a) Illustration of the AM process; (b) Static tensile and fatigue specimens of AM AlSi10Mg
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Fig. 2 Stress-strain curves of AlSil0Mg

in different additive directions

Fig.3 Fatigue test data and S -N curve of AM AlSil0Mg
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Table 2 Fatigue performance parameters of AM AlSi10Mg
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Table 3 Fatigue life prediction results
Omas Ga Nesp Npre Error
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Fig. 5 For the case of H-direction of the additive manufacturing, the cyclic load ¢, =180 MPa, ¢,=81 MPa
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Abstract The fatigue damage and life prediction of additively manufactured metal materials are a hot
topic of current research. In practical applications, fatigue damage is a typical failure mode of additively
manufactured metallic materials and structures, which are often subjected to cyclic loading. Therefore, in
order to improve the safety and reliability of additively manufactured metallic components in service, it is
necessary to study their fatigue damage and life prediction methods. In this paper, the fatigue life predic-
tion is carried out using a data-driven approach with the typical application of additively manufactured Al-
Sil0Mg. Considering the limited fatigue test data, a reliable theoretical model and a numerical method ver-
ified by experiments are used to obtain sufficient fatigue data. First, based on the damage mechanics theo-
ry. a fatigue damage model based on the defect characteristic parameters is proposed. The model can rea-
sonably reflect the influence of internal defects on the damage evolution and fatigue life of the additively
manufactured metal by introducing the parameters of defect size, ellipse aspect ratio, and the shortest dis-
tance from the defect center to the surface. The material parameters of the damage-coupled elastic-plastic
constitutive model and the defect characteristics-based fatigue damage model are calibrated in conjunction
with the static tensile and fatigue tests of the additively manufactured AlSil0Mg. Second, the numerical
implementation of the theoretical model is established, and the numerical results are compared with the
test results to verify the reliability of the proposed method. For different directions of the additive process,
the fatigue lives of additively manufactured AlSi10Mg under different cyclic loads are computed, and the
results are used as a database for the data-driven model along with the experimental data. Then, the train-
ing and prediction of the data-driven model are carried out, and the fatigue life of the additively manufac-
tured AlSi10Mg is predicted by the K-nearest neighbor (KNN) algorithm. Finally, the laws of variation of
fatigue life with the internal defects occurring in the additive manufacturing process and fatigue loading are
analyzed in depth, and the influences of the number of training data and parameters of data-driven model
on the prediction accuracy are studied.

Key words data-driven, additive manufacturing, aluminum alloys, fatigue, life prediction



