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Fig.1  SEM image of 316L stainless steel powder 
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Table 1  Chemical composition of 316L stainless steel powder 

(ω/%) 

Code Ni Cr Mo 

00Cr17Ni14Mo2 12.0~15.0 16.0~18.0 2.0~3.0 

 

 

 

 

 

 

 

Ò 2  wxyz[ÙÚ² 3D|}G²Ds 

Fig.2  3D solid model of porous implants scaffolds with different 

apertures 
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Fig.3  SLM 316L stainless steel porous scaffolds with different 

apertures 
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Fig.4  Optical microstructures of laser cladding in different directions: (a, c) forming height direction and (b, d) sintering plane direction 
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Fig.5  Total deformation nephograms (a~d) and stress analysis nephograms (e~h) of porous scaffolds with different apertures: 

(a, e) 200 µm, (b, f) 300 µm, (c, g) 400 µm, and (d, h) 500 µm 
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Fig.6  Isometric views of the internal structure of porous scaffolds: (a) overlook, (b) main view, and (c) axonometric 
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Table 2  Average elastic modulus of scaffolds with 

different apertures 

Aperture/µm Elastic modulus/GPa 

200 6.59 

300 10.38 

400 6.38 

500 5.56 

Û´-bîC�¶�C<=>?�� 10~30 GPa

öD
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Fig.7  Vickers hardness of scaffolds with different apertures 
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Fig.8  Stress-strain curves of scaffolds with different apertures 
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Table 3   Average Vickers hardness of scaffolds with 

different apertures 

Aperture/µm Hardness, HV/MPa 

200 2609 

300 2757 

400 2675 

500 2613 

Entity 2576 
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Table 4  Hardness value of scaffolds with different apertures 

after heat treatment 

Aperture/µm Hardness, HV/MPa 

200 2219 

300 2243 

400 2236 

500 2202 

Entity 2197 
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Modeling, Simulation and Experimental Study of Porous Bone Scaffold 

by Selective Laser Melting 
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Abstract: Metal 3D printing technology has become one of the most potential and promising industrial manufacturing technologies. Through 

selective laser melting (SLM) technology, reasonable sintering parameters are selected to sinter metal powder. In the present paper, complex 

three-dimensional models of porous scaffolds with different pore sizes were established, and porous scaffold stress and strain distribution were 

simulated by finite element analysis. The optimized three-dimensional model of porous scaffolds was obtained. The theoretical basis for 

subsequent experimental analysis was established. Then 316L stainless steel porous scaffolds were prepared by SLM technology. The porous 

scaffolds were tested by post-heat treatment, compression and metallographic experiments. The mechanical properties, hardness tests and 

surface microstructures of the specimens were analyzed. Through the simulation analysis, the optimized pore size of the porous scaffold was 

obtained, and a porous scaffold which is more suitable for the weight bearing of the human bone defect site was obtained, which can guide the 

subsequent research. It is found that the strength and modulus of elasticity of 300 µm porous scaffolds are higher than those of natural bone. 

Metal parts with porous structure ensure the biomechanical properties of bone prostheses and have good mechanical properties. 

Key words: 3D printing; selective laser melting; finite element simulation; porous scaffolds; mechanical property 
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