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Progress of laser additive manufactured high-performance
metal structural materials

Wang Huaming', Wang Yudai

(National Engineering Laboratory of Additive Manufacturing for Large Metallic Components, School of Materials Sci-

ence and Engineering, Beihang University, Beijing 100191, China)

Abstract: Laser additive manufacturing technology on high-performance metallic components has
shown great potential and broad application prospects in the manufacturing of key equipment. Beihang
University has conducted deep research on laser additive manufactured large metallic components and
achieved many research breakthroughs. In this article, the progress of laser additive manufactured high-
performance metal structural materials was summarized. The non-equilibrium solidification and nucle-
ation growth behavior were revealed, and the active control method on grain morphologies of titanium
alloys and nickel-based superalloys was established. Besides, new strengthening and toughening mech-
anisms for laser additive manufactured materials were proposed, while titanium alloy and ultra-high
strength steel specially for additive manufacturing were developed. Future research interests will contin-
ue to focus on fundamental issues such as laser/metal interaction behavior, material solidification and
phase transition laws, as well as the design and development of high-performance new alloys based on
extreme metallurgical conditions of laser additive manufacturing. Thus, the transformative potential of
laser additive manufacturing technology in the manufacturing of large metal components for key equip-
ments can be further unleashed.
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Fig.1 Grain morphologies and their forming mechanism of laser additive manufactured TC11 titanium alloy
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Fig. 2 Effect of alloy element contents on the grain morphologies and solidification behavior of five titanium alloys fabric-

ated by laser additive manufacturing”
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Fig. 3 Processing map of laser additive manufactured superalloy and the prepared single-crystal sample
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Fig. 4 Schematic of grain growth morphology of laser rapid solidified single-crystal superalloy with different rotated laser
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