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Abstract In this study, the laser deposited AlSil0Mg alloys are formed under different cooling conditions to
investigate the effect of the substrate cooling condition on the deposition qualities and properties. Further, we
analyze the temperature variation during the forming process, morphologies, microstructures, and tensile properties
of the formed specimens using the temperature testing systems, an optical microscope, a scanning electron
microscope, and a universal material testing machine, respectively. The results denote that the deposition efficiency
increases and the defect rate decreases when a reasonable substrate cooling temperature is considered. The
deposition layer structure can be significantly altered when the cooling conditions are changed. In addition, the
dendrite space of the deposition specimen is observed to decrease. The tensile strength and yield strength of the
specimens fabricated under the cooling condition are improved by approximately 4% and 7%, respectively, when
compared with those of the specimens fabricated without applying any cooling conditions. Furthermore, the fracture

mode of the specimens is ductile fracture.
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Table 1 Chemical compositions of AlSil0Mg alloy

Element Si Mg Fe Ti

Cu Ni Zn Mn Al

Mass fraction /% 9-11 0.4 0.16 0.004

0.003 <20.005 <£0.002 <20.001 Bal.
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Fig. 2 Schematic of LDMD process of single-track sample LDMD
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Fig. 3 LDMD equipment and experimental process. (a) LDMD equipment; (b) LDMD experimental process

FRUZ PN BB L Bt dke 4 195 0 S OO 2 2R 4 4 . 2% 1l X
I (¥ MR AF AN 2 B
F 2 AR TGS L 14 Ve 0 I EE R Y2 H) )
Table 2 Cooling temperature and cooling time of

each sample

Specimen  Temperature of cooling /°C  Dwell time /s
I-1 15
1-2 10 10
1-3 5
-1 15
-2 20 10
-3 5
-1 15
-2 10
-3 5
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Fig. 4 Embed point of thermal couple on substrate
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Table 3 Processing parameters of tensile samples
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Number Cooling condition Temperature /°C Delay time /s Sampling direction
1-1~5 Without cooling 5 yzx
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3-1~5 With cooling 10 15 2yx
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Fig. 5 Sampling directions and size of tensile samples. (a) Sampling direction; (b) size
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Fig. 6 Temperature curves of substrate with cooling. (a) Overall temperature curve of substrate; (b) interval temperature

curve; (c¢) temperature rise curve during scanning; (d) temperature curve at single temperature measuring point
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Fig. 8 Macrostructure morphology of deposited AlSi10Mg alloy. (a) Different cooling parameters;

(b) test locations for related geometric features
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Fig. 13 Dimples of tensile fracture. (a) With cooling; (b) without cooling
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Fig. 14 SEM pictures of fracture. (a) Sample 2-1~5; (b) sample 1-1~5; (c) pore defect
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