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Effects of Laser Power on Microstructure and Properties of
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Abstract: Effects of different laser powers on microstructure evolution, defects and mechanical
properties of Ti-6Al-4V alloy formed by selective laser melting (SLM) were investigated based on
simulations and experiments. The results indicate that the depth of melt pool is deepened, the surface
morphology presents a continuous trajectory and the bonding of melted powder to the substrate is
closely combined with increasing laser power. However, when the laser power is too high, the
excessive energy input leads to an increase in the recoil force of the powder vaporization on the
molten pool. The rapid cooling of SLM deteriorates its surface quality, and the porosity will first
decrease and then increase with the increase of laser power. The formation mechanism of pore and
unmelted particle defects was discussed. The results reveal that reducing the input of laser energy
could effectively lower the recoil pressure and avoid the occurrence of small holes. The quantities of
unmelted metal particles can be reduced effectively with increasing in the laser energy input. In
addition, the tensile strength and elongation of the alloy show a trend of increasing first and then
decreasing with laser power increasing. The tensile strength reaches the maximum of 1216.98 MPa
at 240 W, and elongation is 6.87%.
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Fig. 1 Melt pool morphology during and at the end of the
process for different laser powers
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Fig. 2 OM diagrams for different laser powers
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Fig. 3 Average grain widths of p and o for different laser

powers
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Fig. 4 Scan and EBSD plots for different laser

powers
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Fig. 5 Porosities of Ti-6Al-4V specimens with different laser
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Fig. 6 Schematic diagram of defect formation mechanism of

unmelted powder particles
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Fig. 7 True stress-strain curves of different laser powers
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Fig. 8 Fracture morphologies of SLMed Ti-6Al-4V specimens

with different scanning speeds
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