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Mechanical properties of arch lattice structures with different offset ratios
by selective laser melting

YANG Linyi, XU Mingsan, YE Jianhua, WEI Tieping
(Fujian Provincial Key Laboratory of Intelligent Processing Technology and Equipment, Fujian University of Technology,
Fuzhou, 350118, China)

Abstract: In order to study the effects of different offset ratios on the mechanical properties of the arch lattice, 12 AlSil0Mg arch
lattice samples with different offset ratios were formed by selective laser melting technology. Quasi-static compression tests were
conducted to analyze the effects of offset ratios on the compressive strength and elastic modulus of the lattice. Combined with finite
element simulation and compression test, the influence of the change of stress concentration on the failure mode of arch lattice with
different offset ratios was analyzed. The results show that the compressive strength and elastic modulus of the arch lattice reach the
maximum value when the offset ratio is 20%, and the compressive strength and elastic modulus of the arch lattice are increased by
49% and 28%, respectively. With the increase of the offset ratios, the stress concentration of the lattice first diffuses from the node
to the member at both ends of the node, and the failure form of the lattice changes from layer by layer collapse to shear fracture. At
this time, the increase of the offset ratios has a strengthening effect on the node of the lattice, and then there is a trend of
concentration to the node, and the central stress of the node gradually decreases, and the failure form of the lattice changes from
shear fracture to shear fracture with the collapse of the node. At this time, the increase of the offset ratios weakens the node strength

of the lattice.

Highlights: (1) FCC arch lattice structures with different offset ratios are designed.
(2) The concept of offset ratio is proposed and the effect of offset ratio on the mechanical properties of lattice is
studied.

Y Fs HH#A: 2023 - 08— 16
BT BFARRFIERWTE (51575110); A AARFEILERIITH (2020101872).



96 BB ¥ # % 45 %

(3) Combined with finite element analysis and compression test, the influence of the change of stress concentration on

the failure mode of the lattice with different offset ratios is studied.

Key words: selective laser melting; arch lattice; compression; offset ratio; failure type
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Fig. 1 Micromorphology of AlSi10Mg powder
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Fig. 3 Lattice array model and offset ratio

IR RS LN 0.6 ABUE S JEA L, 33T

T 12 FORARES 210 3 x 3 x 3 BITiRS e &
M, SISO 2.

®2 mESHSY

Table 2 Lattice structure parameters

AR TRFE 3P (%) RS (mm x mm x mm)

1 0 16.0 x 16.0 % 18.0
2 10 16.6 % 16.6 x 18.0
3 15 16.9 x16.9 x 18.0
4 20 17.2x17.2x18.0
5 25 17.5x17.5%18.0
6 30 17.8 x 17.8 x 18.0
7 35 18.1x18.1x18.0
8 40 18.4 x18.4 x18.0
9 45 18.7 x 18.7 % 18.0
10 50 19.0x19.0x18.0
11 55 19.3 x19.3x18.0
12 60 19.6 x19.6 x 18.0
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Fig.4 Top view of lattice models with different offset
ratios. (a) 0; (b) 20%; (c) 40%; (d) 60%
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Table 3 Compressive strength and elastic modulus of

lattice
e MBEP%)  BURRERMPa MR E/GPa
1 0 13.01 0.579
2 10 16.09 0.654
3 15 19.22 0.724
4 20 19.44 0.740
5 25 16.16 0.692
6 30 15.66 0.672
7 35 10.67 0.546
8 40 11.99 0.548
9 45 11.67 0.483
10 50 12.33 0.546
11 55 12.27 0.486
12 60 10.23 0.423
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