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Fig.1 Boundary conditions of topology optimization: (a) compression load, (b) compression-shear load, (c¢) compression-torsion load, and

(d) compression-bending load
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Fig.2 Porous structure models output from optimization results:
(a) TO-C, (b) TO-CS, (c) TO-CT, and (d) TO-CB
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Fig.3 Schematic diagrams of unit cell model reconstruction: (a) TO-C,
(b) TO-CS, (c) TO-CT, and (d) TO-CB
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Fig.4 Schematic diagram of geometric parameter of porous structure

x1 BRSEHRITESH

Table 1 Design parameters of porous structures (mm)

o DM p0c tocs  ToCT  TOCB
parameter
d 0.293 0.304 0.347 0.245
o0 D 0.707 0.569 0.653 0.462
d 0.244 0.256 0.291 0.205
70 D 0.756 0.638 0.709 0.502
d 0.195 0.203 0.229 0.159
50 D 0.805 0.713 0.771 0.548

2 Ti6Al4V ELIMHRIE M
Table 2 Properties of Ti6Al4V ELI material

. R Young’s Poisson’s Yield strength/
Density/g-cm™ )
modulus/GPa ratio MPa
4.5 110 0.33 970
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Fig.5 Schematic diagram of boundary condition of compression

simulation

%3 Ti6AI4V ELI{LF RS
Table 3 Chemical composition of Ti6Al4V ELI (wt/%)

Al v Fe C O N H Ti
6.090 3.790 0.019 0.008 0.092 0.029 0.0005 Bal

Kl 6 Ti6Al4V ELUI AR K5
Fig.6 Microstructure of Ti6Al4V ELI powder

4 LPBF BT ZS%
Table 4 LPBF molding process parameters

Laser power/ Scanning Sweep spacing/ Layer
\\Y speed/mm-s ' mm thickness/ mm
200 1200 0.14 0.03

F 3 A REHAEAT 05, BB | mm/min.
3 HZERE5DMH
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Fig.7 Schematic diagram of compression samples
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Table 5 Simulation results of compressive strength of porous

structures (MPa)

Porosity/%
Sample
60 70 80

TO-C 149.01 84.90 42.89
TO-CS 156.39 105.59 64.68
TO-CT 199.99 136.52 82.68
TO-CB 235.14 159.36 91.07

360 —TO-C ——TO-CS

— TO-CT—— TO-CB
270

Stress/MPa
®
=3

el
(=]
T

10 20 30 40
Strain/%
K8 60% FLI 2 2 FL AR (R 1R 8 - A% ith 2
Fig.8 Stress-strain curves of porous compression samples with the

porosity of 60%

i 2 B L 22 N B R A I £ B /N R B UG R U B)
TO-CT 451 B A A& B I o0, & L T 2k
NS R BES B TE R SRRAE , A SR I P BE 7R RE
HWWLEE T . 1 TO-CB &5 5| N T 8 B SO A3 58 1
T .46 77 1) ) AR B RE ) 2 SR 8 SR 2R AU T8 A B
G ATRE IR B i IR, 2 I LR A B IR 5 R AE , B T
SR PR B8 R R SR R

IR 7R 2R T 2 ALEE R P AN
PPERLE, R 6 k. MK 6 7T LLE i, TO-CB 4514 1)
PR 58 BE v T He A 454, TO-C S5 PR ME R i 22, 5
i REH 8. 4P ZIKRESNPEREE
160.21~260.88 MPa i [ P , 55 2 50 M B & 75 2.43~
4.48 GPayulE I, i & N HE 20K .

6 60% FLERR ZFLE4RIX A0 E et BE
Table 6 Compressive properties of porous compression samples

with the porosity of 60%

Compressive strength/ Elastic modulus/

Structure type MPa GPa
TO-C 160.21 2.43
TO-CS 164.07 2.73
TO-CT 214.14 3.57
TO-CB 260.88 4.48

4 25

1) FE TS0 52 F7 5 5506 K M 1 mm (1 1F 7 4R 5
BT T HAMEAL, 153 T 4 RN RIR U 2 FLE5 M . 4
2 FLEE R AE FLBE N 60%~80% I}, $L4% A 400~850 pum ,
REME i 2 B A KRB R IR .

2)%F % FLES R IR R 4 M REEAT T A RT3
PU 58 2 A LB e 1) T v T AR AE s FLB A R B, P
P E R /IME VN TO-CB>TO-CT>TO-CS>TO-C.

3)idid LPBF £ AR 4% 1 FLBR = 60% 1) & 4 il 1F
HHAT T RS R 4000, 15 Hh &% 5504 (1) ) 2 1 R 240 2
MNE AT R . o, TO-CB &5 #1671 2 M BE
AR ERTENZ LR & &S .
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Topology Optimization Design of Porous Titanium Alloy Based on Cervical Spine
Stress Characteristics

Zhang Yongdi'*’, Wang Yukang'*?, Li Alang"**, Yang Guang"*’
(1. School of Mechanical Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China)
(2. Hebei Provincial Collaborative Innovation Center for General Aviation Additive Manufacturing, Shijiazhuang 050018, China)

(3. Hebei Provincial Additive Manufacturing Industrial Technology Research Institute, Shijiazhuang 050018, China)

Abstract: To design a porous titanium alloy structure suitable for cervical spine implants, according to different stress conditions of cervical
spine, such as compression, compression-shear, compression-torsion, and compression-bending, four types of unit cell structures, TO-C, TO-
CS, TO-CT, and TO-CB, were constructed by combining topology optimization and computer-aided design. The mechanical properties were
analyzed by compression simulation. Finally, the quasi-static compression test of porous samples with porosity of 60% prepared by laser powder
bed fusion technique was conducted. The results of finite element simulation and compression test show that the compressive properties and
elastic moduli of the four porous structures meet the requirements of human bone implants. Among them, the TO-CB structure has the best
compressive performance and is suitable for porous titanium alloy cervical spine implants.

Key words: porous structure; titanium alloy; topology optimization; mechanical properties; laser powder bed fusion
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