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Abstract: This paper aims to address the low energy absorption performance of uniform lattice
structures and the poor stiffness performance of cross-section gradient lattice structures. To this
end, a multilayer size gradient FCC lattice structure was designed and its mechanical properties
were investigated through theoretical, numerical, and experimental methods. Firstly, size-graded
face center cubic (SG-FCC) and uniform face center cubic (U-FCC) lattice structures were fabri-
cated using the SS316L stainless steel and selective laser melting (SLM) technology. The quasi-

static compression tests were also carried out. Then the mechanical properties of the two lattice
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structures during compression were obtained from the tests and finite element analysis results. In
addition, the equivalent elastic modulus analytical models were proposed for both lattice struc-
tures based on the deformation theory of beams and the stiffness set method of gradient lattice
structures. Finally, the study explored the influence of different gradient factors on the compres-
sive performance of the SG-FCC lattice structures. The results showed that the mechanical prop-
erties of the SG-FCC lattice were superior to those of the U-FCC lattice. Specifically, the stiff-
ness and specific stiffness of the SG-FCC lattice increased by 17. 8% and 16. 2% respectively, and
the absorption energy and specific absorption energy increased by 10. 8% and 10. 36 % respective-
ly. Furthermore, the theoretical elastic modulus model of SG-FCC lattices was in good agreement
with the experimental and finite element results. The prediction error was less than 10% , which
could be used to predict the stiffness of the SG-FCC lattice structure. When the gradient factor
was 1.5, the stiffness properties of the SG-FCC lattice structure were better than those of other
gradient factors. When the gradient factor was 3, the energy absorption properties of the SG-FCC
lattice structure were better than those of other gradient factors. The research findings offer
guidance for the design and engineering application of lightweight structures with high stiffness
and high energy absorption performance.

Keywords: graded face centre cubic lattice structure; elastic modulus; compressive performance;
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Fig. 4 Tensile stress-strain curve of SS316L material
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Table 1 Qualities of manufactured lattice specimens

gty MR R /g  SERRBURE /g MIXFERZE/ W
U-FCCl1 11.50 11. 60 0. 86
U-FCC2 11.50 11.62 1.03
U-FCC3 11.50 11.56 0.52
SG-FCCl1 11.57 11. 68 0.94
SG-FCC2 11.57 11. 64 0.6
SG-FCC3 11.57 11.71 1.21
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Table 2 Equivalent mechanical properties of lattice structure

Jo— Mg/ wREE/ LRI B / Lo BT/
GPa MPa  (GPascm®+g ') (MPascm®eg 1)

U-FCC1 2.780 50. 87 1.92 35.08
U-FCC2 2.416 49.02 1. 66 33.75
U-FCC3 2.526 48. 50 1.75 33.56

- U-FCC 2,574 49. 46 1.79 34.41
SG-FCC1 2.854 51.98 1.95 35. 60
SG-FCC2 2.988 50. 65 2.05 34. 81
SG-FCC3 3.254 54. 60 2.22 37. 30

¥y SG-FCC 3.032 52,41 2.08 35.90
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Table 3 Elastic modulus comparison between two lattice

structures
28 U-FCC SG-FCC
HIB TR S R &/ GPa 2.696 2.812
I 15 3] B it/ GPa 2.574 3.032
5 Bt H MR i/ GPa 2.734 3.073
2 (I 5IKE) /% 4.74 7.26
WEGHB S5/ % 1.39 8.49
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Fig. 11 Compression energy absorption performance of FCC

lattice structures with different gradient factors
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Table 4 Research scheme of gradient factors

Er RS Y H,/mm H,/mm H,/mm H,/mm H; /mm FHXT 2 0"
1 1. 000 4.0 4. 00 4 4. 00 4.0 0.180 4
2 1. 500 3.2 3. 60 4 4. 40 4.8 0.180 6
3 1. 963 2.7 3.35 4 4. 65 5.3 0.1809
4 2.636 2.2 3.10 4 4. 90 5.8 0.1810
5 3. 000 2.0 3.00 4 5.00 6.0 0.1814
A5 REMEETF &KL M A SR
Table 5 Comparison of mechanical properties for lattice structures with different gradient factor
G SERUAE / GPa Lo R 234 i R AL AR LA,
i B fi# P /(GPa+cm® + g 1) WRER/(J» ecm ®) WLAEE/(Jeg
1 2.73 2.70 1. 88 11.50 35.22 24.50
2 3.23 2.87 1.99 11.52 36. 17 25.12
3 3.16 2.85 1.98 11.53 38.45 26.68
4 3.06 2.82 1. 96 11. 54 36. 30 25.16
5 3.07 2.81 1. 94 11.57 39.35 27.21
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