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Temperature Field During Selective Laser Melting of Metal Powder

Under Different Scanning Strategies
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Abstract Three—dimensional finite element simulation is used to investigate the temperature field with the island
scanning strategy paralleled with the S-shaped scanning strategy. Considering the influence of heat conduction,
heat radiation and heat convection, nonlinear relationship between thermophysical properties of metal material
and temperature, and enthalpy processing utilizing latent heat of phase change, a finite element model of metal
selective laser melting (SLM) is established. It is found that the molten pool is in the shape of a water droplet, and
the temperature contour at front—end is denser than that at back—end. Compared with the S—shaped scanning
strategy, island scanning has the phenomenon of secondary temperature elevation at the island edge. The whole
temperature field of the model is uniform, which is beneficial to reducing the stress concentration. It was observed
that the average width of the B phase in the samples built with the island scanning strategy is significantly larger
than that with the S—shaped scanning strategy. The influence of the island scanning on the boundary of the islands
is quality of overlapping areas, and the overlap between adjacent islands is poor.
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Fig.2 Laser scanning path. (a) S—shaped scanning strategy; (b) island scanning strategy
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Table 1 Process parameters of simulation

Parameter Value
Laser power P /W 180
Laser velocity V /(m/s) 1
Spot size D /pm 200
Weld width H /p.m 200
Powder layer thickness T'/mm 0.05
Thermal analysis element Solid70
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Fig.3 Sectional view of pool temperature field distribution. (a) Island scanning strategy; (b) S—shaped scanning strategy
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Fig.4 Distribution of temperature field at 8107 s. (a) Island scanning strategy; (b) S—shaped scanning strategy
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Fig.5 Temperature—time curves of points A, B, C. (a) Island scanning strategy; (b) S—shaped scanning strategy
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Fig.6 Temperature—time curves of points B, D, E. (a) Island scanning strategy; (b) S=shaped scanning strategy
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Fig.7 Distribution of temperature field after scanning. (a) Island scanning strategy; (b) S—shaped scanning strategy
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Fig.8 SEM images of the top surface of test specimen manufactured by SLM. (a) Island scanning strategy;

(b) S—shaped scanning strategy
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Fig.9 Side image of the optical microstructures. (a) Island scanning strategy; (b) S—shaped scanning strategy
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