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Mechanical Properties Analysis of Titanium Alloy with Gradient Porous Structure
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Abstract: A parametric design method for porous triply periodic minimal surface (TPMS) with pore size gradient was
proposed, and the radially and axially gradient TPMS porous structure models of the Gyroid element with porosity of
30% , 45% , 60% and 75% were constructed. The finite element analysis was performed on the model, and the Gibson-
Ashby model was established according to the analysis data. The porous structure TC4 titanium alloy samples with
porosity of 60% and 75% were prepared by selective laser melting technology. The effects of porosity and pore size
gradient direction on mechanical properties of porous structure samples were analyzed using finite element simulation
and compression experimental data. The Gibson-Ashby model shows that the mechanical properties of porous structure
samples decrease with the increase of porosity. The mechanical properties of porous structure samples with radial gradient
are better than those of porous structure samples with axial gradient under the same porosity. The results of compression
test show that the mechanical properties of the porous sample with 60% porosity are better than those of the porous
sample with 75% porosity. The mechanical properties of porous structure sample with radial gradient are better than
those of porous structure sample with axial gradient under the same porosity.
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Fig. 2 Gradient porous structure samples with 60% porosity formed

by SLM: (a) radial gradient; (b) axial gradient
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Fig. 1  Gradient porous models with 60% porosity :

(a) radial gradient; (b) axial gradient
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Table 1  Actual porosity of gradient porous structure samples
Sample type No. Porosity 60%  Porosity 75%
Rl 66. 10 78.53
R2 65. 86 78. 86
Radial gradient R3 65. 49 77.93
R4 66. 04 78.13
Average 65. 87 78.36
Al 65.21 79. 36
A2 65. 88 78. 67
Axial gradient A3 65.33 77.89
A4 65.91 79. 61
Average 65.58 78. 88
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Fig. 5 Stress cloud diagrams of radial gradient models with different porosity: (a) 30% ; (b) 45% ; (¢) 60% ; (b) 75%
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Fig. 6 Stress cloud diagrams of axial gradient models with different porosity: (a) 30% ; (b) 45% ; (¢) 60% ; (b) 75%
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Table 2 Elastic modulus and compressive strength of

different gradient porous models

Sample type Porosity/ % E/GPa R, ./MPa
30 42.86 402. 13
45 21.24 319.53
Radial gradient
60 10. 26 224.98
75 3.20 87.25
30 33.67 362.27
45 18.54 244. 63
Axial gradient
60 8.28 165. 16
75 2.23 44.30
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Fig. 9  Stress-strain curves of porous structure samples with 60%

porosity: (a) radial gradient; (b) axial gradient
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Fig. 10  Stress-strain curves of porous structure sample with 75%

porosity: (a) radial gradient; (b) axial gradient
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Table 3 Elastic modulus and compressive strength of

porous structure samples with 60% porosity

Sample type No. E/GPa R,./MPa

R1 3.64 137. 10

R2 3.82 137.96

Radial gradient R3 3.69 136. 52
R4 3.71 138. 06

Average 3.72 137. 41

R1 3.32 77.20

R2 3.27 79.51

Axial gradient R3 3.26 81.22
R4 3.37 79. 64

Average 3.31 79. 39
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Table 4  Elastic modulus and compressive strength of

porous structure samples with 75% porosity

Sample type No. E/GPa R, /MPa

R1 1.08 48.71

R2 1.27 49.78

Radial gradient R3 1.15 49.55
R4 1.20 50.22

Average 1.18 49.57

R1 0.97 20. 63

R2 0. 86 20.73

Axial gradient R3 1.01 20. 19
R4 0.99 20. 83

Average 0.96 20. 60
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