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Mechanical properties and deformation mechanism of laser melting octagonal double
pyramid and Kelvin hybrid lattice structure

YU Jingui, ZHU Yao, ZHANG Qiaoxin

(School of Mechanical and Electronic Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: Due to their excellent mechanical properties, dot matrix structures show a broad application prospect for spacecraft
lightweight structures and cushioning energy absorbing devices. In this paper, two hybrid structures based on octagonal bipyramidal
structure and Kelvin structure are proposed, and the corresponding dot matrix structures are prepared by selected laser melting. The
mechanical properties, energy-absorption characteristics and deformation mechanisms of the hybrid structures are systematically
investigated through experiments and simulation. It shows that the mechanical and energy-absorbing properties of the hybrid
structures are significantly enhanced; when the relative density is the same, the energy-absorbing efficiency of the hybrid structure 1
is increased by 15.7%, and the specific strength and specific energy-absorption of the hybrid structure 2 are increased by 93% and
92%, respectively. In terms of the deformation mechanism, the hybrid structure 1 uniformly collapses, which shows a bending-
dominant deformation mechanism; while the hybrid structure 2 collapses layer by layer throughout the whole process from bottom to
top. In order to further improve the deformation mechanism and enhance the mechanical properties of the hybrid structure, the
geometric parameters of the hybrid structures are investigated. It is found that adjusting the ratio of inner and outer rod diameters can
realize optimization of the hybrid structure. When A = 0.75, comprehensive performance of hybrid structure 1 is best, with in its

specific strength and specific energy absorption increasing by 21% and 10% respectively.
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Fig. 3 Side-view microstructure image of HS1 lattice structure (a) horizontal strut; (b) inclined strut
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Table 2 Average rod diameters of lattice structures

Struture Horizontal strut/pm Inclined strut/pm Intended target value/pum
OB 335 324 300
HS1 333 319 300
HS2 335 316 300
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Fig. 5 Quasi-static compressive stress-strain curves of three lattice structures
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Fig. 6 Energy absorption performance of the lattice structure () specific energy absorption of the same strut diameter structure;
(b) specific energy absorption of different strut diameter structures; (c) capacity absorption efficiency of three lattice structures of the
same density; (d) stress-strain curves of HS1 with a rod diameter of 0.4 mm (The shaded area represents the absorbed energy;
the solid red line shows the change in energy absorption efficiency with strain; the horizontal and vertical blue dashed lines
are the yield strength and the densification strain calculated according to equation (10))
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Fig. 7 Comparison of mechanical properties of lattice structures  (a) densification strain and specific energy absorption;
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Fig. 8 Experimental compression deformation of lattice structures
(2) e=0.2; (3) &=0.4; (4) e=0.5
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