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Fig.1 Biomimetic thin-walled structures designed based on the

structure of biomaterials in nature?23], (a) Layered tube structure

inspired by muscle microstructure (b) hollow cylindrical structure
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inspired by spider webs (c) Circular honeycomb micropore structure
inspired by Norwegian spruce cross-section (d) Nested layered
structure inside tubular sponge
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Fig.2 Schematic diagram of the interior of the honeycomb sandwich

structure of the wing and fuselage of the aircraft
=+ Ay B s 1A =z
2 HFMNZItESREARE

2.1 MR RSEMIZIT

TERBEFF, W5 s 45— E/S U g
F AR N IR RIMT AL AR L. A 3e FTLUE
H, R EERKE GG BCC MR EEIEE W& 4
P BCC MIZEAE TG (N 3e SEELHERTR) |
JE GG A s TR 2 BSRG[Nt R i
BCC bt AR AR 5 A fm A% 34T T ot R DL (R 55 8
A% IR IE R ERE, W 4 s

ARUGRFEGERI TS 4 Fl, 23 RAE S IRERT
BCC /& 458 (faFk HC-N-BCC) . I 55 # B X FRAT
PR EER) (fRIFR HC-SP) . & M EH A A g 45
¥ (FFR HC-N-F) FIJo N R I S i 53 4544 (TRTRR
HC-B) , Bl E = MARMMENEE, &
—FpAE R 2 AR B = P AT, R SLM B
W E R SR S I HER 0, 25 A R T Skl
GE R AR X 35 B 0 BN 28% 37% 1 46%. = Ffig
B HR S R 5 R B SO BEAT AR ¢ RN R R IR Y



HEARFERT 25, TG PN R R 2 ) 2 e 3 5 A o P e
W 3 BEJ ¢ DR/ R B SR (R B AR AR X 2 B, o RSF
SRR EE, BARWE S s, 4 RE-TEARI%
THSHMRE 1 PR,

3 MENERMEEHRERE. () EEAEMIELR b &5
25K (o) BCC RA&HEAR (d) BCC @ARHTAE () MiZREHMEAR
JE I B IR E IR IR BCC Fitk 4514
Fig.3 Incoherent honeycomb nested lattice with trusses. (a)
Honeycomb frame (b) Honeycomb structure (c¢) BCC line frame (d)
BCC lattice truss (¢) Honeycomb nested primitive BCC lattice

structure with insufficient truss connectivity
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Fig.4 Honeycomb nested lattice structure after the truss.
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Serial Truss rod diameter ~ Shell thickness Shell volume Truss volume Total volume Relative
number Structural type r (mm) t (mm) Vg (mm?*) V; (mm*) Vg+V, (mm?)  density &
1 HC-E \ 1.14 1486 \ 1486 28%

2 HC-N-BCC 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-BCC 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-BCC 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%

Table 1 Sample structure data table
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Table 2 SLM printing parameters

Laser power (W) Scanning speed Spot diameter (mm) Scan spacing (mm) Powder layer height
(mm/s) (mm)
120 1250 0.1 0.15 0.03

Kl 6 Eaidrescy

Fig.6. Physical drawing of the compressed sample
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Fig.7 Functional characteristics of empty honeycomb structures and
honeycomb nested lattice structures at 46% relative density. (a) stress-
strain curves of four structures (b) elastic modulus of four structures
() peak stress of four structures (d) energy absorption of four
structures
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Fig.8 Compression deformation process diagram of four types of structures and simulations. (a) HC-E physical and simulated compression

deformation process (b) HC-N-BCC physical and simulated compression deformation process (¢) HC-SP physical and simulated compression

deformation process (d) HC-N-F physical and simulated compression deformation process
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Table 3 Functional properties of empty 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 (KJ/m?) 7.7 50.7 59.4 259
Crushing Efficiency (%) 13.6 58.7 72.4 35.2
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Fig.9 Microstructure of the compression fracture of HC-E shell at
46% relative density. (a) Fracture diagram at 1 mm (b) Junction
diagram of ductile fracture and brittle fracture at 100 um (c) brittle
fracture diagram at 20 um (d) ductile fracture diagram at 20 um
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Fig.10 Compression fractures of honeycomb shells with four
structures at 46% relative density. (a) HC-E fracture at 2 mm (b) HC-
N-BCC fracture at 1 mm (c) HC-SP fracture at 1 mm (d) HC-N-F

fracture at 1 mm
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Fig.11 Compression fracture diagram of truss rod with three
honeycomb nested lattice structures at 46% relative density. (a-1) HC-

N-BCC truss rod fracture at 500 um (a-2) HC-N-BCC truss rod
fracture at 20 um (b-1) HC-SP truss rod fracture at 500 um (b-2) HC-
SP truss rod fracture at 20 um (c-1) HC-N-F truss rod fracture at 500

um (c-2) HC-N-F truss rod fracture at 20 um
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Fig.12 Schematic diagram of the mechanical properties of empty
honeycomb and honeycomb nested lattice structures as a function of
relative density. (a) Schematic diagram of the influence of relative
density on the elastic modulus of the structure (b) Schematic diagram
of the influence of relative density on the peak stress of the structure
(c) Schematic diagram of the influence of relative density on the
energy absorption of the structure (d) Schematic diagram of the
influence of relative density on the efficiency of crushing force
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Fig.13 Schematic diagram of the energy absorption of empty
honeycomb and honeycomb nested lattice structures with strain values
at different relative densities. (a) Energy absorption curves of four
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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.Nanchang Hangkong University, Nanchang 330000, China)

(2.China Aero Engine Guizhou Honglin Aviation Power Control Technology Co., Ltd, Guiyang 550000, China)

Abstract: Honeycomb structures are widely used in lightweight material design due to their characteristics of being lightweight, high strength,
and energy-absorbing. However, conventional honeycomb structures have poor lateral performance and structural stability. To address these issues,
this study nests three types of truss rod unit lattice structures within the honeycomb cavities to obtain a new honeycomb nested lattice structure.
Using AlSil0Mg powder as the material, the selective laser melting (SLM) technique was employed to fabricate samples with different relative
densities, including 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). These samples were then tested for lateral
compression mechanical properties, macro- and micro-scale deformation mechanisms, and energy absorption. 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 46%
relative density, the HC-SP structure exhibits a compression modulus and peak stress that are 43% and 44.7% higher than those of HC-E, respectively,
and at 50% strain, its energy absorption (£,) and crushing force efficiency (CFE) are 7.7 and 5.3 times higher than those of HC-E. When truss unit
lattices are embedded in the honeycomb cavities, the honeycomb shell deforms gradually and uniformly instead of fracturing instantly, greatly
improving the compressive stability of the honeycomb structure. Furthermore, the larger the proportion of the truss volume in the overall structure,
the greater the performance improvement of the honeycomb nested lattice structure.

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



