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Abstract

Direct Laser Melting is a prototyping process whereby a 3-D part is built layer wise by melting the metal powder with laser
scanning. This process is strongly influenced by the shielding gas and the laser operating parameters such as laser power, scan
rate, layering thickness, and rescanning. The shielding gas is especially important in affecting the microstructure and
mechanical properties. In the current study, fabrication experiments were conducted in order to analyze the effect of shielding
gas on the forming characteristics of direct laser melting. Cylindrical parts were produced from a Fe-Ni-Cr powder with a
200W fiber laser. Surface quality, porosity and hardness as a function of the layering thickness and shield gas were evaluated.
By decreasing the layering thickness, the surface quality improved and porosity decreased. The selection of which shield gas,
Ar or N,, to obtain better surface quality, lower porosity, and higher hardness was examined. The formability and mechanical
properties with a N, atmosphere are better than those parts formed under an Ar atmosphere.
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Fig. 1 Schematic drawing of the direct laser melting
tooling system

Table 1 Chemical composition of Fe-Ni-Cr powder
Element | Fe Ni Cr Al Si Cu S
Wt. (%) | Bal. [15.69| 3.96 | 0.76 | 0.72 | 0.32 | 0.24
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Fig. 2 Schematic of deposition method; (a) cross-
hatching technique and (b) deposited final
target shape

Table 2 Test condition

Shielding gas Air, Ar, N,
Power (w) 100 ~ 200
Scan rate (mm/s) 37 ~ 1757
Powder layer thickness (mm) 0.06, 0.1
Fill spacing (mm) 0.06
Scanning number 2
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Fig. 3 Cross-sectional microstructures at shielding gas;
(a) Air, (b) Ar and (c) N,
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Fig. 5 Balling shape; (a) schematic of balling and (b)
layer thickness 0.06mm and scan rate 366mm/s
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Fig. 6 Fabricated cylinderical part made by direct laser
melting process
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Fig. 7 Deposition number with deposition height; layer
thickness 0.06mm and scan rate 659mm/s
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