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Fig.1 3D CAD models of porous scaffold: (a) two layers structure

and (b) three layers structure
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Table 1 Structure parameters of the scaffolds

Model Beam Vertical column  Layer Column
No. diameter/mm  diameter/mm  numbers numbers

1 1 1 2 3

2 1 15 2 3

3 0.8 1 2 3

4 15 1 2 3

5 1 1 3 3

6 1 1 3 4

w2 IE28H

Table 2 Process parameters

Parameter Value
Laser power/W 200
Scanning speed/mm s 289
Slice thickness/pm 50
Point distance/pm 75
Exposure/|s 125
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Fig.2 Average load-displacement curves of scaffold No.1 (a), No.2 (b) , No.3 (c) , No.4 (d) , No.5 (e), and No.6 (f)
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Fig.3 Stress distribution diagram of scaffold No.1 (a), No.2 (b) , No.3 (c) , No.4 (d) , No.5 (e), and No.6 (f)

YHEREEE T, KRN, 250 E H
SCHR R R T

% 3. 4 v LR, [N 2 2450, S8R 2 (har
FEEARNEE 11 1.5 £, HIHPTRSZ 8T 208 3
1K 23145, FA3ZEMMLE 5, 6, HA R
6 TFECHE 5 PSR BN T —FISkE, HARSZH A
EESC 48 5 41 36.8%, HJAISC AR ML AT B AR AN 41 500

T BRI AR e ST R ECK . TR B E AR AN A ) S B
3. 1. 4, BRI A4 535 3 ML, HARS MG KR
25%7F1 50%, R EAE 15 A SR T 6.39%. 4.61%,
IR TR EAR RN T SRR B RE T 5 b
SO B AL DA I BE O H AR, R SCER )
F1EPERE 25 ) AU UE IR, ST ERAE N A AR
Ja, WM RS T AR, S HIN B



* 2996 Wty SR MRS AT 546 1
Fz4 IEMK/EFEE
Table 4 Length-diameter ratio of scaffolds
Model number d/ S L/

do/mm mm mm mm L/d
1 1 1 3.6 2.6 2.6
2 1 15 3.6 2.6 1.73
3 0.8 1 3.6 2.8 2.8
4 15 1 3.6 2.1 2.1
5 1 1 2.4 1.4 14
6 1 1 2.4 1.4 14
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Fig.4 Shear stress distribution diagram: (a) two layers structure

and (b) three layers structure
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Table 3 Average value of three experiments of scaffolds

Model  Average Average elastic  Average compressive

number  load/kN modulus/GPa strength/MPa
1 11.49 27.66 170.88
2 26.39 41.26* 348.66
3 10.80 29.42 160.62
4 12.02 25.62 178.76
5 13.75 19.02 204.49
6 18.81 34.91* 252.08
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Fig.5 Schematic diagram of scaffold parameters
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Fig.6 Metallographic microstructure of Ti-6Al-4V alloy scaffold
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Fig.7 Compression fracture morphologies of Ti-6Al-4V alloy scaffolds: (a) macroscopic fracture surface, (b) dimple-quasi-cleavage

surface, (c) dimple morphology, and (d) quasi-cleavage morphology
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Structure Design and Mechanical Property Analysis of Ti-6Al-4V Artificial Bone
Scaffold Built on SLM

Yang Wenjing®, Wurikaixi Aiyiti*, Wang Juan®, Teng Yong?
(1. Xinjiang University, Urumqi 830047, China)
(2. PLA, Urumqi General Hospital, Xinjiang Military Region, Urumgi 830000, China)

Abstract: Six kinds of Ti-6Al-4V artificial bone scaffolds were designed and built with SLM (selective laser melting) technology.
Universal material testing machine and high-speed camera were used to analyze the compression process of scaffolds, and Ansys was used
to analyze the stress of scaffold. The results show that the vertical column diameter has a great influence on the mechanical property of
scaffolds but the beam diameter has little influence on them; under the same height, the increasing of beam diameter and layer or support
column diameter, result in structure length-diameter ratio decrease, so that structure is firm and load-carrying capacity improves. The
mechanical property should match with the surrounding bone tissue. Through the analysis, mechanical property of three kinds of scaffolds
are close to human femur, so they can be used as the artificial bone scaffolds of femur.

Key words: SLM,; artificial bone scaffold; mechanical property
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