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Numerical simulation of full-scale thermal-
mechanical coupling for LPBF based on thermal
elastic-plastic constitutive model
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Abstract: Laser powder bed fusion (LPBF) is an important branch of metal additive manufacturing technology,
offering advantages such as personalization and automation. However, residual stress accumulates continuously
during the layer-by-layer manufacturing process, which can easily lead to deformation, fracture, fatigue and
other problems, limiting its further application.To predict the displacement and residual stress in metal additive
manufacturing parts, this paper uses the open-source finite element solver code JAX-FEM to conduct Numerical
simulation of full-scale thermal-mechanical coupling for LPBF based on thermal elastic-plastic constitutive model.
Equivalent laser power, equivalent laser radius, and scanning speed are determined based on the energy conservation
principle, simplifying the computational model and reducing calculation time. By modifying the stress state of the
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bottom surface of the part, the process of cutting and separating the part from the substrate was simulated, and the

impact of stress release was predicted. Analysing the impact of scanning strategies and scanning speeds on LPBF

thermal-mechanical coupling behaviour, it was found that the horizontal Z-type scanning strategy resulted in a 24.0%

reduction in maximum displacement and a 13.6% reduction in maximum residual stress compared to the vertical

scanning strategy. When the scanning speed was increased from 0.8m/s to 1.6m/s, the maximum displacement

decreased by 6.4% and the maximum residual stress decreased by 5.2%. This paper provides scientific guidance for

controlling LPBF residual stress and deformation.

Keywords: full-scale thermal-mechanical coupling; LPBF; residual stress; deformation; stress release; numerical

simulation
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