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Fig.1 Topology optimization boundary conditions: (a) compression load (b) torsion load and (c) bending load
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Fig.2 Topology optimization model results output: (a) compression

type (b) torsion type and (c) bending type
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Fig.3 Reconstruction of cell structures model: (a) TO-C (b) TO-T and
(c) TO-B
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Fig.4 Geometric parameter diagram of TO-B structure
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Table 1 Rod diameter-aperture value of unit cell model

Structure 0, 60 70 80 90

Timec

gmm 0455 0380 0295  0.200
TO-C

D/mm 0606 0681  0.766  0.861

gmm 0375 0315 0250  0.170
TO-T

D/mm 0689 0746 0811  0.891

gmm 0385 0315 0245  0.165
TO-B

D/mm  0.676  0.746  0.816  0.896
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Table 2 Ti6A14V ELI material properties

. Young’s Poisson’s Yield
Density
modulus ratio strength
4.5 kg/m? 110 GPa 0.33 970 MPa
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Fig.5 Compression simulation boundary condition
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Fig.6 Torsional simulation boundary condition
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Fig.7 Bending simulation boundary condition
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Table 3 Chemical composition of Ti6Al4V ELI (&%)

H N O Fe C \ Al Ti

0.012 0.05 0.08 0.13 0.25 3.5 5.5 Bal
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Fig.8 Microstructure of Ti6Al4V ELI powder
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Fig.9 Particle size distribution of Ti6Al4V ELI powder
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Table 4 SLM molding process parameters

Laser Scanning Sweep Layer
Power speed spacing thickness
200 W 1200 mm/s  0.14 mm 0.03 mm
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Fig.10 Simulation results of mechanical properties of porous structure: (a) compressive strength (b) torsional strength and (c) bending strength
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Table S Mechanical properties of porous structure with 60% porosity (MPa)

Mechanical property TO-C TO-T TO-B
Compressive strength 158.36 177.42 228.13
Torsional strength 155.85 191.08 140.45
Bending strength 162.54 173.28 249.08
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Fig.11 Compression specimen schematic diagram
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Fig.12 Compression test of CMT5105
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Fig.13 Compressive stress-strain curve of porous specimen with

60 % porosity
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Fig.14 45 © shear failure of porous structure: (a) TO-C structure and (b) TO-T structure
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Table 6 Compressive properties of porous specimens with

60 % porosity

Structure types Compressive Elastic
TO-C 188.35 2.87
@Sy 21335 251
TO-B 258.88 416
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Fig.15 Comprehensive comparison results of mechanical properties

of porous structures
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Topology Optimization Design and Mechanical Properties Study of Porous Titanium Alloy
Based on Loading Characteristics of Human Bones

Zhang Yongdi, Zhao Lisong, Dai Luyu, Yang Guang
(School of Mechanical Engineering, Hebei University of Technology and Science, Shijiazhuang 050018, China)

Abstract: The loading conditions of human bone in daily activities are complex. In order to obtain porous titanium alloy with excellent
comprehensive performance for bone implants, it is necessary to comprehensively evaluate the different mechanical properties of porous structures.
According to the different loading forms of human bones, the porous structures (TO-C, TO-T, TO-B) under compression, torsion and bending loads
were designed by topology optimization method, and the obtained structures were reconstructed. The different mechanical properties of three
topologically optimized porous structures were studied by finite element simulation of compression, torsion and bending. Finally, the compression
specimens were prepared by Selective Laser Melting (SLM) technology, and the compression test was carried out. The results show that the TO-B
structure has the best comprehensive mechanical properties among the three structures, and the compressive strength and compressive elastic

modulus meet the needs of human bone implantation, which is the best porous structure type for orthopedic implants.
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