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Finite Element Analysis of the Lattice Support Structures of
3D Printed Orthotic Insoles

ZHANG Fan, HUANG Chen, CUI Ziying, XIAO Xueliang”
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Abstract:3D printing technology can customize the orthotic insole, while the topological lattice structure supporting the
insole can be explored for optimization using finite element analysis. A structural model was established based on two
conventional lattice support structures, face-centered cubic (FCC) and body-centered cubic (BCC). This paper analyzed
and searched for the optimal topology, deepened the construction of the composite structural model of FCC and BCC, and
studied the effects of structural factors and lattice profiles on the corrective support performance. Simulation results show
that under the same stress conditions, the FCC lattice structure has the higher support strength and the larger compressive
force under the same deformation. For the composite structure composed of FCC and BCC, the values of the finite element
analysis parameters increase with the decrease of the proportion of the FCC structure in the composite model, and the value
of the stress increases by about 1. 03 times for each 25% decrease of the FCC proportion. The simulation results prove that
the FCC structure has theoretical and practical consistency in supporting the orthotic insole and can form a good plantar
pressure distribution.
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Fig.1 Structure diagrams of two types of lattices
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Fig.2 Two types of unit lattice structure models
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Fig.3 Composite lattice structures consisting of FCC,
BCC
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Tab.1 Finite element analysis results of two lattice structures

Jifi i He 41/ kPa
=] Qﬂ: *%"
YA HIRILSH | 5 3 2 e
N1/ (N/m?) 26.930 53.890 80.790 107. 900 134. 600
FCC %%/ nm 3.313 6.628 9.939 13.250 16.580
AR 0.021 0.043 0.064 0. 085 0.107
N1/ (N/m?) 46. 960 93.950 140. 900 187. 800 234.900
BCC 1%/ nm 10.240 20.470 30.730 41.980 53.190
AR 0.024 0.049 0.073 0.098 0.142
R2 SHECRBEMNERTASTER
Tab.2 Finite element analysis results of five composite lattice structures
B4 i e Jifi i He 41/ kPa
" AT SE
SER R 1 2 3 4 5
N1/ (N/m?) 3.847 7.693 11.540 15.390 19.230
100% FCC {iF%/nm 1.966 3.994 5.992 7.989 9.987
AR 0.026 0.052 0.079 0.105 0. 131
N1/ (N/m?) 3.980 7.960 11.940 15.920 19. 900
75% FCC + X
{57/ nm 1.997 3.995 5.993 7.990 9.988
25% BCC
AR 0.027 0.054 0.081 0.109 0.136
M1/ (N/m?) 4.099 8. 190 12.020 16.030 20. 040
50% FCC + X
{57/ nm 1.999 3.996 5.994 7.991 9.989
50% BCC
g A 0.028 0.055 0.083 0.110 0.138
% 41/ (N/m? 4.134 8.428 12. 400 16. 540 20. 670
25% FCC + mj? (N/m")
S {7/ nm 2.000 3.997 5.995 7.994 9.992
‘ s 0.029 0.057 0.086 0.114 0.143
N1/ (N/m?) 4.258 8.714 13. 500 18. 000 22.500
100% BCC {37 #%/nm 2.299 4.599 6.898 9.197 11.500
oy A 0. 031 0.063 0.094 0.125 0.157
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Fig.4 Applications of lattice structures in orthotic insole
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Fig.5 Compactness of the two lattice structures and

the effect on the slip system
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