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Research progress of coaxial laser wire additive manufacturing

CHEN Yuan, JIANG Meng, CHEN Xi, MA Shengchong, JIANG Nan, LEI Zhenglong, CHEN Yanbin

(State Key Laboratory of Advanced Welding and Joining ( Harbin Institute of Technology) , Harbin 150001, China)

Abstract ; Additive manufacturing is widely applied in aerospace and automobile industries due to its ability to
realize rapid prototyping of three-dimensional structures. The current wire-based laser additive manufacturing
mostly relies on the traditional laser welding equipment with a lateral wire feeding method. However, in
additive manufacturing with lateral wire feeding, it is necessary to adjust the direction of laser processing head
to ensurea fixed relative position between wire and processing head, resulting in a significant increase in
complexity of system control and obvious loss of processing freedom. With the development of laser processing
equipment and technology, a novel process of coaxial laser wire additive manufacturing has emerged with the
potential to solve the aforementioned problem. Since the process is just getting started, in order to better
understand the characteristics of coaxial laser wire additive manufacturing, the research progress of coaxial
laser wire additive manufacturing was summarized from the perspectives of implementation principle,
processing characteristics, precision control, and microstructure and properties of additive manufactured
components. The differences between laser wire additive manufacturing with coaxial wire and lateral wire
feeding were analyzed. Two precision control methods for coaxial laser wire additive manufacturing and their
characteristics were demonstrated. The microstructure and properties of components made by coaxial laser wire
additive manufacturing were analyzed. In the end, the further research trend for coaxial laser wire additive
manufacturing was put forward.

Keywords: additive manufacturing; wire-based laser metal deposition; coaxial laser and wire; process char-
acteristics ; forming quality
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Schematic diagram, heat distribution, and equipment of three coaxial laser wire additive manufacturing technolo-
gies[](” 2.1, (a)schematic diagram of coaxial wire feeding inside three-beamlaser; (b) schematic diagram of coaxial
wire feeding insidemulti-beam laser; (c¢) schematic diagram of coaxial wire feeding through annular laser beam; (d)
heat distribution of coaxial wire feeding inside three-beam laser; (e) heat distribution of coaxial wire feeding inside
multi-beam laser; (f)heat distribution of coaxial wire feeding through annular laser beam; (g)equipment of coaxial wire

feeding inside three-beam laser; (h) equipment of coaxial wire feeding inside multi-beam laser; (i) equipment of coaxial

wire feeding through annular laser beam
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Fig.2 High-speed imaging of coaxial laser wire additive manufacturing process

21, (a) melting process of different layers of

single-track multi-layer additive manufactured components under stable deposition conditions; (b) time lapse images of

melting process under dripping defect; (c¢) time lapse images of melting process under stubbing defect
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