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Laser preheating/fluid cooling assisted laser
metal deposition of AISi10Mg

Wan Le', Shi Shihong'’, Xia Zhixin®‘, Zhang Xiaozu’, Fu Geyan', Zhang Rongwei', Li Kuan'

(1. School of Mechanical and Electrical Engineering, Soochow University, Suzhou 215021, China;
2. School of Shagang Iron and Steel, Soochow University, Suzhou 215021, China)

Abstract: It is difficult to form aluminum alloy stablely by laser metal deposition(LMD) due to high thermal
conductivity, low laser absorptivity, and significant heat accumulation effect. To realize automatic and accurate
preheating, eliminating heat accumulation, analyzing the effect of preheating and improving the forming ability of
AlSi10Mg aluminum alloy LMD, the technology of laser metal deposition with "internal powder feeding" and Ar
supply protection was adopted, the laser preheating and fluid cooling temperature control system was designed
and the preheating and cooling temperature control model was established, LMD forming experiments of
AlSi10Mg aluminum alloy was carried out, the effects of preheating on laser absorptivity, surface quality, cross-
section morphology, temperature field, microstructure and properties of aluminum alloy were systematically
analyzed. The results show that the laser preheating and fluid cooling temperature control system can realize

accurate preheating and eliminate heat accumulation, obtain a single track with a surface roughness Ra of 2.6 pm.
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High precision, high efficiency and stable LMD forming of AlSi10Mg overlap, block and thin-wall are realized.

Preheating can improve the laser absorptivity, flatten the track and increase the grain size. The assist system and

method can effectively solve the problem of insufficient forming stability of aluminum alloy LMD, and provide a

new idea and process for forming quality control and molten temperature controlling.

Key words: laser metal deposition;

control system
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Fig.1 Schematic of Ar supply protection hollow beam internal powder

feeding deposition nozzle
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Fig.2 Micromorphology of AlSil0Mg powder
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Tab.1 Chemical composition and particle size distribution of AISi10Mg alloy powder

Element Al Si Mg Fe Ti Ni Mn Cu P
Chemical composition(wt %) Bal. 9.99 0.44 0.43 0.05 0.009 0.0086 0.011 0.0085
D10 D50 D90
Size/pm
90.23 107.10 134.6
Apparent density/g-cm™ 1.30
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Fig.3 Schematic of auxiliary temperature control system for laser preheating and fluid cooling
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Tab.2 Control principles of laser preheating, laser deposition and fluid cooling
Control
Function
1 Laser 2 Ar 3 Ni 4 Powder
Laser preheating On On Off Off
Laser deposition On On Off On
Fluid cooling Off Off On Off
E=PT gt H RTINS 200 T RE R 7 A L OB

Powder feed

Laser beam"
|

canning

direction

Powder feed
laser deposition

No powder
laser preheating

N, fluid cooling
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Fig.4 Temperature control model of preheating and cooling
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Fig.5 Temperature curve and fitting equation of sample. (a) Effect of fluid cooling on temperature curve of sample; (b) Fitting of temperature rise

section; (c) Fitting of fluid cooling; (d) Fitting of no fluid cooling
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Fig.6 Schematic of in-situ technique determining laser absorptivity
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