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Abstract; Compared with the regular porous structure, the irregular porous structure can better imitate the actual
trabecular structure. Based on GH plug-in in Rhion 6 software, an irregular porous structure model was constructed.
Two sets of porous implant samples were prepared by selective laser melting (SLM). The mechanical properties of the
samples with porous structure were tested and compared before and after heat treatment. The results show that the
elastic modulus and compressive strength decrease with the increase of irregularity, the elastic modulus and
compressive strength increase with the increase of porosity. After 880 °C/30 min/FC heat treatment, the elastic
modulus of the sample with porous structure has no obvious change, the compressive strength decreases and the ductility
becomes better.
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Fig. 1 Schematic diagrams of irregular porous

structure modeling
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Table 1 ~ Chemical composition of Ti6Al4V alloy powder

Al A% (0] N C H Fe Ti

5.90 3.91 0.12 0.05 0.05 0.012 0.03 Bal
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Table 2 Parameters of SLM forming process

Laser power  Scan speed  Hatch spacing  Layer thickness

/W /mm-s”! /mm /pm

130 1200 0. 05 30

Scanning
Solidified galvanometer
layer
Laser device

Melt pool

Quartz windows
Scraper

Scaffold
Powder bed

Printing

Recycling
cylinder

cylinder Powder deliver

cylinder
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Fig.2  Schematic diagram of SLM technology principle
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Table 3 Characteristic parameters of porous structure samples

with different irregularities

No. K R/mm @ /% D/ % m
1" 0.8 0.65 89. 77 87.08 0.33
2" 0.8 0.85 88.99 84. 54 0.43
3" 0.8 1.05 88.98 85. 87 0.53
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Fig. 3 Porous structure samples with different irregularities :

(a) ©=0.33; (b) x=0.43; (¢) w=0.53;
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Fig. 4 Stress-strain curves of porous structure samples with

different irregularities
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Table 4 Mechanical properties of porous structure samples with

different irregularities

No. ,L E./GPa R,./MPa
1¥ 0.33 1.091 39.8
2t 0.43 0. 865 37.5
3 0.53 0.841 36.9
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Table 5 Characteristic parameters of porous structure samples

with different porosities

No. K R/mm & /T  Da/ % n

47 0.7 0.85 75.2% 72.79% 0.43
5" 0.8 0.85 85. 0% 83.79% 0.43
6* 0.9 0.85 94. 3% 93.53% 0.43

[2]
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Fig. 5 Porous structure samples with different porosities :
(a) D eae =75.2% 5 (b) D itue =85.0%
(¢) D et =94.3%
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Fig. 6  Stress-strain curves of porous structure samples

with different porosities
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Table 6 Mechanical properties of porous structure samples

with different porosities

No. Dt E_/GPa R,./MPa
4" 75.2% 1.79 91.89
5" 85.0% 1.08 40. 32
6* 94.3% 0.311 11.70
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Table 7 Mechanical properties of porous structure samples with

different irregularities after heat treatment

No. “ E./GPa R,./MPa
1 0.33 0. 980 38.2
2 0.43 0.817 35.9
3 0.53 0.854 34.8
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Table 8 Mechanical properties of porous structure samples with

different porosities after heat treatment

No. Dt E./GPa R,./MPa
4* 75.2% 1. 64 83. 16
5" 85. 0% 0.876 31.82
6" 94.3% 0. 324 8. 47
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Fig. 7 Microstructures of porous structure samples before and

after heat treatment: (a) before; (b) after

P 8 S AN [R) AN KLU R 22 L5 R R 1 PR i B 1Y
WS- RiAR M . 9 S R FLB R 2 FLAS A AR 1R 34
AEEJE RN 1 - N AR k. AR 8 [ 9 mT LU H,
D JUERLL I, TR T 1 RS 3 PR Buak
BT o/ AR 4 dioRE NS /0N, 67 58 75 B S BRULE it LA
THABIRIXE, RIS 225 RALBLS, o M0 i N
a tfl, o MZEHTHICBRR, dickiE R, (IR 2
Fngs S, R A B 22 FL GG H R 1 A
PR LF

B8 AR RN L % FLLEM A AL G 09 B - 2 Tl &
Fig. 8 Stress-strain curves of porous structure samples with

different irregularities after heat treatment
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Fig. 9 Stress-strain curves of porous structure samples with

different porosities after heat treatment
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