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Table 1  Unit cells and pore structures 

Unit cell 
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�1 mm

 

      

  

Pore 

structures 

5 mm�5 mm 
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Fig.1  Definition of pore size 
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Fig.2  Regular pore structure 
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� 3  PQ centerIJ:>�xST sphereIJ:>� 

Fig.3  Planar center gradient pore structure design (a) and spatial 

sphere gradient pore structure design (b) 
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Fig.4  Center gradient pore structure (a), sphere gradient pore 

structure (b), and random pore structure (c) 
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Fig.5  Gradient pore structure 
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Fig.6  Micro-structure of Ti6Al4V-ELI (extra low interstitial)/Grade 

23 after SLM technology manufacturing 
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Fig.7  Pore structures: (a) gradient pore and (b) regular pore 
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Fig.8  MTS810 measurement test 
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Table 2  Design and actual porosity of samples (%) 

 Sample No. Design porosity Actual porosity 

1 75.18 72.89 

2 75.18 73.67 

3 75.18 76.23 

 

Gradient group 

Mean 75.18 74.26 

1 73.70 75.67 

2 73.70 72.92 

3 73.70 71.85 

 

Regular group 

Mean 73.70 73.49 

 

 

 

 

 

 

 

 

 

Sample 

No. 

Diameter/ 

mm 

Modulus/ 

MPa 

Load at offset 

yield/N 

Stress at offset 

yield/MPa 

Load at 

yield/N 

Stress at 

yield/MPa 

Peak 

load/N 

Peak stress/ 

MPa 

1 20.0000 11031.8848 2799.1987 8.9101 25914.7685 82.4893 27007.4280 85.9673 

2 20.0000 11901.0616 9320.7931 29.6690 27852.4962 88.6573 27852.4962 88.6573 

3 20.0000 9772.5956 1353.1804 4.3073 27885.0834 88.7610 28206.1623 89.7830 

Mean 20.0000 10901.8474 4491.0574 14.2955 27217.4494 86.6358 27688.6955 88.1359 

Std. dev. 0.0000 1070.1747 4244.7029 13.5113 1128.2724 3.5914 615.92528 1.9606 
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Fig.9  Gradient group test data 
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Sample No. 

Diameter/ 

mm 

Modulus/ 

MPa 

Load at offset 

yield/N 

Stress at offset 

yield/MPa 

Load at 

yield/N 

Stress at 

yield/MPa 

Peak load/ 

N 

Peak stress/ 

MPa 

1 20.0000 7521.6698 16243.2422 51.7039 10336.6960 32.9027 20105.3204 63.9972 

2 20.0000 8120.2523 17289.8790 55.0354 10205.5368 32.4852 21464.9309 68.3250 

3 20.0000 8370.0595 8762.8405 27.8930 11894.1365 37.8602 22361.0176 71.1773 

Mean 20.0000 8003.9939 14098.6539 44.8774 10812.1231 34.4161 21310.4230 67.83320 

Std. dev. 0.0000 435.9797 4650.4882 14.8030 939.3431 2.9900 1135.7583 3.6152 

 

� 10  � $!"%& 

Fig.10  Regular group test data 
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Gradient Pore Structure Design and Mechanical Properties of Titanium Alloy Implant 
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Abstract: For the design of pore structure of titanium alloy implants, most of the current researches were on regular pore structures, while few of 

them were concerned with the design of gradient pore structures. In this research, two methods of designing circular pores with Planar Center 

Gradient and Spatial Sphere Gradient were proposed. On this basis, a certain model design of Planar Center Gradient was completed. Some 

samples of titanium alloy gradient pore and regular pore structure implants with a porosity of 75% were fabricated by selective laser melting 

(SLM), and microscopic material characterization was performed. Through the test of mechanical properties, the related mechanical data were 

obtained. The result shows that the mechanical properties of the gradient pore structure are better than those of regular pores. Under the condition 

of porosity of 75%, the average elastic modulus of gradient pore sample is 36.25% higher than that of regular pore and the average compressive 

strength is increased by 29.9%. 

Key words: additive manufacturing; gradient pore structure; computer-aided design; implant; mechanical properties  
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