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Table 1

(mass fraction, %)

Chemical composition of AlSilOMg powder

Si Fe Mn Cu Mg
9.96 0.273 0.005 0.012 0.43

Ni Zn o Al
0.021 0.009 0.052 Bal.
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Fig. 1 SEM morphologies(a) and size distribution (b) of
AlSi10Mg powder
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Table 2 Experimental design as L, orthogonal array and experimental results for relative density

Test Laser Scanning speed/ Powder feeding Shielding gas Linear energy Relative
No. power/W (mm-min~") rate/(g'min”')  flow rate/(L-h™")  density/(J-mm™) density/%

1 120 400 0.66 6.0 112.50 97.15
2 120 450 0.72 6.5 100.00 96.78
3 120 500 0.78 7.0 90.00 96.14
4 120 550 0.84 7.5 81.82 93.72
5 120 600 0.90 8.0 75.00 92.38
6 130 400 0.72 7.0 121.88 98.36
7 130 450 0.78 7.5 108.33 97.87
8 130 500 0.84 8.0 97.50 96.86
9 130 550 0.90 6.0 88.64 94.88
10 130 600 0.66 6.5 81.25 94.14
11 140 400 0.78 8.0 131.25 98.94
12 140 450 0.84 6.0 116.67 98.79
13 140 500 0.90 6.5 105.00 98.36
14 140 550 0.66 7.0 95.45 96.88
15 140 600 0.72 7.5 87.50 96.13
16 150 400 0.84 6.5 140.63 99.04
17 150 450 0.90 7.0 125.00 99.47
18 150 500 0.66 7.5 112.50 98.79
19 150 550 0.72 8.0 102.27 98.39
20 150 600 0.78 6.0 93.75 97.33
21 160 400 0.90 7.5 150.00 97.66
22 160 450 0.66 8.0 133.33 98.13
23 160 500 0.72 6.0 120.00 98.94
24 160 550 0.78 6.5 109.09 98.54
25 160 600 0.84 7.0 100.00 98.13

Sixth column represents associated experimental energy density
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Fig. 3 Response surface graph (a) and contour plot (b)
showing effects of laser power and scanning speed on
relative density at powder feeding rate of 0.72 g/min and
shield gas flow of 7 L/min
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Fig.5 Various types of defects existed in LPD-AISi10Mg alloy at different energy densities: (a) 81.25 J/mm?; (b) 125 J/mm?;

(c) 133.33 J/mm’
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Fig. 6 Cross-sectional SEM morphologies of two adjacent AISil10Mg alloy tracks at different scan spaces: (a) 0.3mm;

(b) 0.4 mm; (c) 0.6 mm
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Fig. 7 Cross-sectional elemental mapping of two adjacent AISi10Mg alloy tracks at scan space of 0.3 mm: (a) Al; (b) Ti;

(¢) Si; (d) O
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Fig.8 SEM images of surface and irregular shape porosity for LPD-prepared AlSi10Mg alloy
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Table 3 EDS analyzed results of micro-zones marked in Fig. 8

Mass fraction/%
Element : : : : : : : :
Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8
O 36.73 32.29 0.65 24.74 0.76 1.21 31.15 0.62
Al 57.21 60.47 88.25 67.63 88.75 87.71 61.73 88.32
Si 5.74 6.86 10.67 7.16 10.15 10.67 6.36 10.79
Mg 0.32 0.38 0.43 0.47 0.34 041 0.76 0.27
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Fig. 9 Effect of oxidation on densification of LPD-prepared AlSil0Mg alloy at different laser energy densities: (a) Low

laser energy density; (b)Less laser energy density; (c) Suitable laser energy density; (d) Excessive laser energy density
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Densification mechanism of AISi10Mg alloy prepared by
laser powder deposition

LIU Yang" 3, WU Zi-chun', LIU Wen-sheng®, MA Yun-zhu?, CHEN Zhen-xiang’, YANG Kai’,
TAN Xin-rong"?®, SONG Yu-feng', CHEN Yu-qiang', LIU wen-hui'

(1. Hunan Engineering Research Center of Forming Technology and Damage Resistance Evaluation for
High Efficiency Light Alloy Components, Hunan University of Science and Technology, Xiangtan 411201, China;
2. National Key Laboratory of Science and Technology for High-strength Structural Materials,

Central South University, Changsha 410083, China;

3. Hunan Vanguard Group Co., Ltd., Changsha 410100, China)

Abstract: To improve the densification of AlSilOMg alloy fabricated by laser powder deposition (LPD), the
Taguchi method for the experimental design of laser powder deposition of AlSi10Mg alloy was carried out, the
effect of laser energy density on densification of AISil0Mg alloy was investigated. The threshold range of energy
density of high density AlSilOMg alloy prepared by LPD was obtained. The effect of oxidation on the
densification of the LPD AISilOMg alloy was analyzed by scanning electron microscope (SEM), and the
densification mechanism of AlSilOMg alloy prepared by LPD was revealed. The results show that high
densification A1Si10Mg alloy can be obtained when the laser energy density was between 120 J/mm?® and 140
J/mm®, of which the densification of LPD AlSi10Mg alloy was more than 98%. The existence of oxide film will
reduce the wettability of AISi10Mg melt on the surface of deposited layer, and the AISi10Mg melt in the molten
pool cannot be fully spread, resulting in the formation of holes and other defects. High laser energy density can
break the oxide film on the surface of the deposited AlSi10Mg layer, so that the A1Si10Mg melt can be fully spread
on the surface of the deposited layer.

Key words: additive manufacturing; laser powder deposition; AISilOMg; process parameter; densification;
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