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Abstract: A multi-scale ternary numerical model of “process-microstructure-properties” was pro-
posed to investigate the relationships of the processing parameters of metal SLLM, the microstructure of the
formed parts and the fatigue properties. In detail, to analyze the evolution processes of temperature field ,
velocity field, and pore defects under different processing parameters, the meso dynamics process of the
molten pool was studied with consideration of multiple physical field coupling phenomena such as recoil
force. Using the temperature field data, the microstructure distribution of the representative volume ele-
ment(RVE) was obtained based on cellular automaton model, and the effects of processing parameters on
grain sizes and defect characteristics were investigated. Finally, the hazard levels of defects were evaluated
under different processing parameters by stress intensity factors, and the macro fatigue strength of corre-
sponding RVE was predicted. The results show that the proposed multi-scale model may effectively pre-
dict the fatigue properties of SLLM metal parts under different processing parameters. This work provides a
reference for optimizing SLLM processing parameters.
Key words: selective laser melting (SLM) ; pore defect; molten pool dynamics; cellular automata;
fatigue property
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Fig.15 RVE stress field under transverse tensile
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Fig.16 Stress distribution at the pore defects under

transverse tensile
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Tab.l Maximum Mises stresses near pore defects

under tensile loading
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Tab.2 Stress intensity factors of pore defects
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Fig.17 Relationship between process parameters and
fatigue strength
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