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ABSTRACT

The powder characteristics are one of the most important factors to affect the processability in additive
manufacturing technology, especially in laser powder bed fusion. In this research, the influence of highly spherical
gas-atomized Ti-6Al-4V alloy powder on the processability in laser powder bed fusion was investigated. The
cubic specimens of highly spherical gas-atomized Ti-6Al-4V alloy powder were fabricated at various laser power
and scan-speed using a laser powder bed fusion type machine with 1 kW fiber laser, and examined the density and
surface roughness of the cubic specimens. As a result, the optimum fabrication condition was obtained using the
process map evaluated by the density and surface roughness of the cubic specimen. The alloy fabricated at a laser
power of 150 W and a scan speed of 700 mm/s showed the maximum relative density of 99.94% and the surface
roughness, S,, of about 5 um. The tensile strength and elongation of the as-built alloy were more than 1300 MPa
and 8%, respectively. It was thus found that the use of highly spherical gas-atomized powder greatly improves the
density, surface roughness and tensile properties of the as-built alloy.
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Table I Chemical composition of Ti-6Al-4V powder (mass %).

Ti Al \Y% Fe (6] N H C

Bal. 6.43 4.01 0.07 0.182  0.025  0.002 0.06

Fig. 1 SEM image of Ti-6Al-4V powder.
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Fig. 2 Cubic specimens.
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Fig. 4 Process map of laser power and scan speed evaluated by density.
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Fig. 5 Processed images of the as-built specimens by optical microscope.

Energy density: 23.8 J/mm?3
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Fig. 6 Surface morphology of the as-built specimen.

Table 2 Surface roughness of the as-built specimen.

Laser Scan Layer Hatching Energy Sa Sz

power speed thickness pitch density (um) (um)
(W) (mm/s) (mm) (mm) (J/mm”) K H
100 700 0.05 0.12 23.8 43 81.2
100 600 0.05 0.12 27.8 6.2 148.1
150 700 0.05 0.12 35.7 6.5 90.8
150 600 0.05 0.12 41.7 4.7 71.4
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Fig. 7 As-built round bars for tensile test specimens.
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Table 3 Tensile properties of the as-built specimens.

Yield

Tensile

Specimen strength strength Elor(léa)tion
(MPa) (MPa) o
Horizontal (0°) 1123 1319 8
This research 45° 1185 1354 7.6
Vertical (90°) 1227 1373 8.2
16 Horizontal (0°) 1120 + 80 1240 + 50 10+£3
EOS data sheet .
Vertical (90°) 1140 + 50 1290 + 50 T+3
- Horizontal (0°) 846 + 7 976 + 11 15+£2.0
EBM
Vertical (90°) 84549 972+ 14 142+1.5
JIS H 4600 =825 =895 =10
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(a) Fracture surface

(b) Lack of fusion (macro)

(c) Lack of fusion (micro)

Fig. 8 Fracture surface after tensile test of the as-built specimen fabricated at 90°direction. (a) Fracture surface (b) Lack of fusion (macro) (c) Lack of fusion

(micro).
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