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Abstract; Hollow cubic, G7 and BCC porous Ti6Al4V materials with cubic lattice as unit were fabricated by
SLLM processing. Their elastic moduli were all within the range of human natural bone. Static compression and tensile
tests were carried out to study the compressive and tensile properties of porous materials. BCC structure showed
better compressive and tensile strength compared with the other two. Due to the complexity of the porous implant
workload,it is found that the G7 structure supported by tilting struts has a slow fatigue failure rate and performs
better than the other two under dynamic compression loading by applying alternating loads to the porous materials
with different lattice structures. In the analysis of fatigue failure, it is found that the fatigue crack source of SLM
porous material mainly occurs near the pore inside the material.
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Fig. 1 Microstructure images of Ti6Al4V powder
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Fig. 2 Size distribution of Ti6Al4V powders
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Table 1 Chemical composition of Ti6Al4V powder /%
Composition Ti Al A% Fe C H O
Contents Bal. 6.4 4.0 0.17 0.016 0. 002 0.12
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Fig. 3 Unit lattice structure models
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Fig. 4 Porous compression and fatigue test samples
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Fig. 5 The samples of porous tensile test
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Fig. 6 The apparent morphology images of three
lattice structure samples: (a)Hollow cube; (b)G7;(c¢)BCC
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Table 2 Used to construct different stress of S-N curves /MPa
Stress amplitude o,
Hollow cube 29 34 39 45 53 60
G7 51 54 56 59 63 -
BCC 121 137 153 162 166 —
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Table 3 Compression properties of different porous structures

/MPa

Cellular structure

Maximum compression strength

Compression elastic modulus Yield strength

Hollow cube 168
G7 —
BCC 530

Human skelecton —

3.96X10° 142
2.64X10° 175
6.82X10° 450

(2—20) X10° -
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porous structures
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Fig. 8 Tensile stress-strain curves of different porous structures
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Fig. 9 Stress-strain curves of G7 structure under low

frequency cyclic test
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Fig. 10 S-N curves of different porous structures
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Fig. 11 Macroscopic morphology of fatigue failure

of different lattice structures
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