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Research progress in additive manufacturing technology of metal parts

Feng Ye
Qilu University of Technology, Jinan, Shandong

[ Abstract] As a disruptive advanced manufacturing method, additive manufacturing technology has made
breakthrough progress in the field of metal parts manufacturing in recent years. This article systematically reviews
the research progress of additive manufacturing technology for metal parts from 2019 to 2024. First, the development
background and significance of metal additive manufacturing technology are explained, and the application needs of
this technology in high-end equipment fields such as aerospace, medical equipment, and automobile manufacturing
are analyzed. Secondly, the main process principles and technical characteristics of selective laser melting, laser
directed energy deposition, and arc additive manufacturing are introduced in detail, and the differences between each
process in terms of forming accuracy, efficiency, and applicable materials are comparatively analyzed. Subsequently,
the article focused on reviewing the microstructure evolution rules and mechanical properties of typical metal
materials such as titanium alloys, stainless steel, aluminum alloys and high-temperature alloys during the additive
manufacturing process, and discussed the influence mechanism of process parameters on material anisotropy and
properties. Furthermore, the formation mechanism of defects such as pores, cracks, and spheroidization during the
additive manufacturing process was deeply analyzed, and the causes, characterization methods, and control strategies
of residual stress were systematically explained. Finally, the current application status of numerical simulation
technology in melt pool dynamics, temperature field prediction and process optimization is introduced, and the
development trend of metal additive manufacturing technology towards intelligence, multi-material collaboration and
material-structure-performance integration is prospected. This article aims to provide a reference for in-depth
research and engineering applications of metal additive manufacturing technology.

[ Keywords] Additive manufacturing; Metal parts; Selective laser melting; Microstructure; Residual stress;

Numerical simulation
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