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Fig.1 3D numerical model
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Table 1 Thermo-physical property parameters of powder material

Property Value
Molar mass/kg mol™ 0.055 14
Density/kg m 6607
Specific heat/J {kg K)™ 848
Thermal conductivity/W {m K)™ 36.7
Viscosity/kg {m s)™ 0.006 42
Liquidus temperature/K 1640
Solidus temperature/K 1691.2
Boiling temperature/K 3083
Latent heat of fusion/J kg™ 247 000
Latent heat of evaporation/J kg™ 6 520 000
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Table 2 Process parameters of simulation

Sample No. Laser power/W spigg?rﬂmgs'l dens%trlflgg%ma
1# 340 2250 36.0
2# 340 1850 51.1
3# 340 1550 73.1
4# 340 1250 113.3
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Table 3 Parameters required in the model for predicting relative density
Parameter ~ Scanning space Layer thickness B Width of melting pool Depth of melting pool ~ Number of layers N
Sign d S % | h n m
Note: B—angle of scan vectors rotation between layers; N—number of single layer’s molten pools
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Table 4 Chemical composition of HR-2 stainless steel powder
(/%)
Si Mn P S Ni Cr N c Fe

0.24 9.07 0.0056 0.001 754 2011 0.21 0.033 Bal.
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Table5 Process parameters for experiment

Scanning - Layer Energy
Sample Laser speed/ Scanning thickness/ density/
No. power/W 4 Space/mm 3
m mm Jmm
1# 340 2250 0.14 0.03 36.0
2# 340 1850 0.12 0.03 51.1
3# 340 1550 0.10 0.03 73.1
4# 340 1250 0.08 0.03 113.3
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Fig.2 Scanning strategy of selective laser melting
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Fig.6 Temperature distributions and melting pool sizes corresponding to different process parameters: (a) 1#, (b) 2#, (c) 3#, and (d) 4#
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Table 6 Simulated melting pool sizes under different process

parameters

Sample No. Width/pm Depth/pum
1# 109.4 61
2# 114 66.1
3# 118 77.2
4# 120 113.6
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Table 7  Experimental melting pool sizes under different
process parameters
Sample No. Width/pm Depth/um
1# 1129 57.96
2# 116.05 67.95
3# 118.78 78.98
a# 123.15 114.39
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Prediction Model and Experimental Verification of Density in Laser Selective Melting

Zhang Jinyu*?, Yang Jialin?, Xu Chonghai’, Liu Ningzhao?, Wang Guowei?, Qin Yu? Shen Xianfeng? Liu Yu®
(1. Faculty of Mechanical Engineering, Qilu University of Technology, Jinan 250353, China)
(2. Institute of Machinery Manufacturing Technology, China Academy of Engineering Physics, Mianyang 621900, China)
(3. School of Mechanical Engineering, Jiangnan University, Wuxi 214122, China)

Abstract: A prediction model of the relative density based on the process parameters was established, which can effectively predict the pores
caused by lack of fusion, and provide more reference for the selection and optimization of laser selective melting process parameters. The finite
element analysis and numerical calculation software were used to obtain sizes of the melting pool and to simulate the splicing morphology of the
melting pool with multiple layers and traces, and thus to predict the relative density under different process parameters. At the same time, the
fluctuation coefficient, the deflection angle and the angle of scan vectors rotation between layers were introduced into the prediction model of
melting pool to account for the influence of the size fluctuation of the melting pool, the inclination of the melting pool, and the angle of scan
vectors rotation between layers on the simulation results of the molten pool. Finally, the feasibility of the prediction model was confirmed by the
selective laser melting experiments of HR-2 stainless steel. The results show that the predicted results of the model are in good agreement with the
experimental ones of the melting pool of the samples, and the relative density deviation between prediction and the experiment is within 2%.

Key words: laser selective melting; HR-2 stainless steel; melting pool size; prediction of relative density
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