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Table 1
fraction, %)
Al A% C Fe (0] N H Ti
636 4.01 0.01 0.18 0.1 0.025 0.002 Bal.

Powder composition of Ti-6Al-4V (mass

El1 Ti-6Al-4V 580K SEM &
Fig. 1 SEM image of Ti-6Al-4V alloy powder
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L-PBF parameter

Value

Laser Power/W
Scanning speed/(mm-s™")
Hatching space/mm

Layer thickness/mm

100, 150, 200, 250, 300

300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400,1500

0.12
0.03

B3 L-PBF i) CAD BLAURIFT B s &
Fig. 3 CAD model and typical L-PBFed sample
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Fig. 4 Surface morphologies and roughness values for samples fabricated by different L-PBF parameters
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Table 3 Relative density and surface roughness of
L-PBFed Ti-6Al-4V alloy samples under laser power of
275 W

Scanning speed/ Relative Surface
(mm-s™h density/% roughness/pm
600 98.75 6.4
700 99.3 6.7
800 99.52 6.9
900 99.71 7.1
1000 99.80 7.3
1100 99.89 7.5
1200 99.99 7.9
1300 99.99 8.2
1400 99.92 83
1500 99.90 8.4

4 HiLMRE

HeFE W R R AR, 6AS[E L-PBE 24T
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Optimization of selective laser powder bed fusion process for
Ti-6Al-4V alloy based on machine-learning

SUN Ye-dong', JIANG Xi-yi’, LI Hao-qing?, LI Xing-chen®, REN Xue-peng?, FANG Xiao-ying?

(1. Information Centre, Shandong University of Technology, Zibo 255000, China;
2. School of Mechanical Engineering, Shandong University of Technology, Zibo 255000, China)

Abstract: A machine-learning approach based on Gaussian Process Regression (GPR) was proposed to optimize
the processing window of laser power and scanning speed in the Ti-6Al-4V alloy fabricated by laser powder bed
fusion (L-PBF). The effect of laser power-scanning speed on surface roughness of the samples was investigated as
well. The predicted results from the model show that the optimized L-PBF processing window for manufacturing
fully dense Ti-6Al-4V alloy with relative density =99.5% is pear-shaped. It is suggested that the scanning speed is
more influential than laser power in relative density of the L-PBFed alloy, and the wide favorable scanning speed
range can be obtained in the case of high laser power. The lower power and high scanning speed tend to increase
surface roughness monotonously and the effect become more pronounced as power decreasing and scanning speed
increasing. The relative density of the L-PBFed alloy depends on the specific scanning speed and laser power
rather than a single energy density value. However, the surface roughness significantly depends on the energy
density and the same energy density employed leads to the similar surface roughness. The optimized laser power-
scanning speed processing window brings about the highly dense alloy with surface roughness less than 10 um.
The further experimental evidence proved that the GPR model established in this study is reliable and can be
readily applied to the L-PBF process optimization of other metals and alloys.
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