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ser additive manufacturing (ILAM) process, it is required to carry out the microscopic—mesoscopic—
macroscopic cross-scale structure and performance control of LAM of metal components, in order to re-
alize the effective control of balling effect, porosity, deformation, cracks and other typical metallurgical
defects. In this paper, the selective laser melting (SLLM) precision manufacturing of hard-to-process alu-
minum alloy is performed. In the mesoscopic scale, the thermodynamic behavior of the laser melting/
solidification of the metal powder is disclosed and the formation and inhibition mechanisms of balling
effect are revealed. In the microscopic scale, the mechanism of the surface tension of the melt in the
molten pool on the bubble motion and melt densification is clarified. In the macroscopic scale, the ther-
mal mechanism and the stress formation and deformation behavior of LAM processed components are
proposed. This study can provide the physical basis and key process control method for the structure and
performance control of high-performance and complex metal components by LAM.

Key words: additive manufacturing; 3D printing; selective laser melting; structure and performance con-
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(a) Propagation charactersitics of high energy
laser beam in powder bed

(b) Powder melting behavior under multi-field coupling high energy
laser beam/powder interaction

(c) Melting/solidification thermodynamic behavior of alumimum alloy
powder during SLM forming at lower energy density

(d) Spheroidization morphology characteristics on component surface

(e) Melting/condensing thermodynamic characteristics of aluminum
alloy powder during SLM forming at higher energy density

(f) Dense & smooth surface morphology

g) Formation mechanism of spheroidization in SLM forming process
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Fig. 1 Mesoscopic thermodynamic behavior and balling

mechanism of metal powders during laser melt-

ing and solidification
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(e) Schematic diagram of bubble motion in a molten poo.

(f) Melt density nephogram
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Fig. 2 Microscopic physical mechanism of melt surface
tension and bubble motion during selective laser

melting of metals
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(b) Residual stree distributed in forming channel along laser
scan direction under different laser scan speeds
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(b) Influence of laser scan speed on evolution of
midpoint stress in forming channel
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