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Fig.1 Incoherent honeycomb-nested lattice of trusses: (a) honeycomb
frame; (b) honeycomb structure; (c) bce line frame; (d) bee
lattice truss; (e) honeycomb-nested primitive bec lattice

structure with insufficient truss connectivity
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Fig.2 Honeycomb-nested lattice structures after the truss amelioration:

(a) honeycomb-nested new bec lattice structure; (b) honeycomb-
nested symmetrical rod lattice structure; (c) honeycomb-nested

new fluorite lattice structure
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Fig.3 Dimensions of the compressed sample
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Table 1 Sample structure data table

Serial Structural Truss rod Shell thickness, Shell volume, Truss volume, Total volume, Relative
number type diameter, 7/mm #/mm V/mm’ V/mm’ Ve + V/mm’ density, p/%
1 HC-E - 1.14 1486 - 1486 28
2 HC-N-bcec 0.5 1 1309 182 1491 28
3 HC-SP 0.56 1 1309 184 1493 28
4 HC-N-F 0.68 1 1309 176 1485 28
5 HC-E - 1.52 1959 - 1959 37
6 HC-N-bce 1.00 1 1309 646 1955 37
7 HC-SP 1.15 1 1309 645 1954 37
8 HC-N-F 1.35 1 1309 636 1945 37
9 HC-E - 1.96 2451 - 2451 46
10 HC-N-bce 1.4 1 1309 1136 2445 46
11 HC-SP 1.64 1 1309 1135 2444 46
12 HC-N-F 1.88 1 1309 1138 2447 46
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Table 2 SLM printing parameters

Scanning Spot Scan Powder
Laser . . .
speed/ diameter/ spacing/  layer height/
power/W »
mm-s mm mm mm
120 1250 0.1 0.15 0.03
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Fig.4 Physical drawing of the compressed sample
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Fig.5 Functional characteristics of hollow honeycomb structures and honeycomb-nested lattice structures under the relative density of 46%:

(a) stress-strain curves; (b) bulk modulus; (c) peak stress; (d) energy absorption
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Fig.6 Physical drawings and simulation images of four types of structures during compression deformation
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Table 3 Properties of hollow honeycomb and honeycomb-nested

lattice structures

Property HC-E HC-N-bcc HC-SP  HC-N-F
Bulk modulus/MPa 1955.2 25333 2795.6 2401.3
Peak stress/MPa 113.4 172.8 164.4 147.2
Energy absorption/MJ'm~ 7.7 50.7 59.4 25.9

Crushing efficiency/% 13.6 58.7 72.4 352
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Fig.7 Compression fracture morphologies of HC-E shell under the relative density of 46%: (a) overall fracture morphology; (b) junction image of

ductile fracture and brittle fracture; (c) image of brittle fracture; (d) image of ductile fracture
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Fig.8 Compression fracture morphologies of honeycomb shells with four structures under the relative density of 46%: (a) HC-E, (b) HC-N-bcc,

(c) HC-SP, and (d) HC-N-F
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Fig.9 Compression fracture morphologies of truss rod with three honeycomb-nested lattice structures under the relative density of 46%:

(a,, a,) HC-N-bcc; (b,, b,) HC-SP; (c,, ¢,) HC-N-F
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Study on the Compressive Deformation Performance and Microstructure
of Laser-Selective-Melted Honeycomb-Nested Lattice Structures

Liu Zheng', Zha Zhengshu', Peng Cong', Zhang Wenwei’, Chen Meng’, Luo Le’, Zhang Qi’
(1. School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China)
(2. AECC Guizhou Honglin Aero-engine Control Technology Co., Ltd, Guiyang 550000, China)

Abstract: Three types of truss rod unit lattice structures were nested within the honeycomb cavities to obtain a new honeycomb-nested lattice
structure. Using AISi10Mg powder as the material, samples with different relative densities of the new bcc honeycomb-nested lattice structure
(HC-N-bcc), honeycomb-nested symmetric rod lattice structure (HC-SP), new fluorite-type honeycomb-nested lattice structure (HC-N-F), and
hollow honeycomb structure (HC-E) were fabricated by the selective laser melting (SLM) technique. Lateral compression mechanical properties,
macro-micro deformation mechanisms, and energy absorption analyses were conducted on these samples. The results show that the lateral
compression performance of the honeycomb-nested lattice structures is significantly superior to that of the hollow honeycomb structure. At the
relative density of 46%, the HC-SP structure exhibits a compression modulus and peak stress that are 43% and 44.7% higher than those of HC-E,
respectively. Under the strain of 50%, its energy absorption (£,) and crushing force efficiency (CFE) are 7.7 and 5.3 times higher than those of
HC-E, respectively. When truss unit lattices are embedded in the honeycomb cavities, the honeycomb shell deforms gradually and uniformly
instead of fracturing instantly, significantly improving the compressive stability of the honeycomb structure. Furthermore, the larger the proportion
of the truss volume in the overall structure, the better the performance improvement of the honeycomb-nested lattice structure.

Key words: laser selective melting forming; honeycomb-nested lattice structure; microstructure; mechanical properties; deformation mechanism
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