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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

(/%)
Code Ni Cr Mo
00Cr17Nil4Mo2 12.0~15.0 16.0~18.0 2.0~3.0
200 pm 300 pum 400 um

500 pm
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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, ¢) forming height direction and (b, d) sintering plane direction



* 2788 ¢

Mty @A RS TR

49 %

AL A A= B 1) d5 £ RSP VB A 200~500 pum, A H
matlab 085 0 BT £F, AT 4 FhA R FLAR 1 FLBR e 4%
e 63.2%~68.6% 2 1], FLAE KN4l E A 200,
300, 400. 500 um, Z LA S EITEORE T & #1E
SRR EY 12 e, B R O Feg ok i B ik K
HUBRYERE, 4o 0 & i N s A4

A NCEREIVE 2 SR <y B I  NCE 252
BRI BRCHEAT N Sy AR KT, DA SRS T2k
BRI Z L. K’ 5 WAL L I AT K
I 3 25 P, 0t 22 AL S R B i R AT o ) 4, ] Sa~5d
ATRUE Y, WRETE buiian B AR B RCR, BB E

T EARE IR R AT R X TSR N, A
Se~5h WI LA, JTARBr B AT AN S 80K, Bl
FHATCHHEAT, W 6 Pios i KN )G sc 38 W i
T ALAH T ) SCHERE 23, DRI 8 KOG S48 30 20 £ A0 A i
JUST, W AT 25 G At 22 LS 0 IR 8 1 7 v ) 1 it
FEDRIE 2 AL SCARALB AR AR 26 0F 1, B v B A2
e BRI A, FLAR K/ K 300 um (¥ 2 FL 3 AT LA L
M S fi e B N S AR

M AT R TG MR SO 2 AN TR L AR 1 22 FLSE
ZEREAT T BRI, BEAT TAH R AR OIS AL
ARAFAN A LA SO S PR R S W 3R 2 P

04305 Max

0.048071 Max b c 418196 Max QU721 Max
10477 L et ]
0037388 ey WS W
0082047 i i s
0026706 e 2010108 00512
0021365 L 00080862 iz
016024 e 0006052 001507
0010697 LAl 00T na1e0s
0005417 DT [ ivdard 000024
6000 (mm) oMin 0 _ ey oo Bl 0.000 - A - 8000 (o) [ g Mip OMin
533,66 Max B7317 Max U533 Max 3773 Max
R f Im; g Wy w05
41584 E sl 285 i
36,64 [ 2103 pirvi)
il s 1046 7
26 (] - 15540 e
17062 o 11543 10676
12061 . T8 T80
1408 '3=s; w1 -
0.000 6.000 (mm) 2602 Min 0 7,000 () ;‘;m‘m 0-000 - - 8000 fmrm) Q02BIMIR - 0.000 1.2842 Nin

K5 AR Z LR ARTY = BRI ) 4 8 = |
Fig.5 Total deformation nephograms (a~d) and stress analysis nephograms (e~h) of porous scaffolds with different apertures:

(a, e) 200 um, (b, f) 300 um, (c, g) 400 um, and (d, h) 500 pm
a b i c
Kl 6 2 fLICHE A 45 1 A BE AR K

Fig.6 Isometric views of the internal structure of porous scaffolds: (a) overlook, (b) main view, and (c) axonometric

®2 FRAEZEEMHRETHE

Table 2 Average elastic modulus of scaffolds with
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different apertures
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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

Table 3  Average Vickers hardness of scaffolds with
different apertures
Aperture/pm 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/pm 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

Xu Shubo'?, Meng Zixiang', Liu Peng', Ren Guocheng', Jing Cainian'
(1. Shandong Jianzhu University, Jinan 250101, China)
(2. State Key Laboratory of Material Processing and Die & Mould Technology, Huazhong University
of Science and Technology, Wuhan 430074, China)

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 um 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.
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