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[ABSTRACT] Based on the primitive hexagonal honeycomb (HH) structure, four enhanced configurations were
designed. Under a condition of equal mass, GH4169 honeycomb specimens were fabricated using Selective Laser
Melting (SLM). Their deformation modes and energy absorption characteristics were compared. The results show that
the Body-Centered Cubic reinforced Honeycomb (BCCH) exhibits superior mechanical performance in both the X1 and
X2 directions. Its yield strength and maximum force per unit volume reach twice those of the primitive HH. The elastic

modulus in the X1 direction increases by 33%, and the compressive strength improves by approximately 200%. Regarding
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energy absorption, efficiency in the X2 direction is generally higher than in the X1 direction. The BPEH structure with an

“H-shaped” symmetric arrangement demonstrates more uniform stress transmission. Although the Face-Centered Cubic

reinforced Honeycomb (FCCH) has lower strength, its peak energy absorption efficiency is up to 81.60%, and its energy

absorption efficiency is 25% higher than that of the HH structure. This study systematically evaluated the multidirectional

mechanical and energy-absorbing behaviors of the structure under the condition of equal mass by the synergistic design

strategy of shape, topology and lattice, which provides an innovative design paradigm and experimental basis for the

performance controllable lightweight porous structure in the field of aerospace.

Keywords: Optimization of honeycomb structures; Topology optimization; Lattice structures; Selective laser melting;

Energy absorption efficiency
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Fig.2 BEEH structural design process
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Fig.3 BPEH honeycomb structure topology optimization process
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Fig.4 BCCH and FCCH lattice structure honeycombs design flowchart
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Table 1 Volume and porosity of HH structures
with different wall thicknesses
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s | R mm | BV | R s g
0.5 1324.57 0.83442875
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1.5 3609.99 0.54875125
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Table 2 Numbering and design characteristics of five honeycomb

structures used in the experiment
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Table3 Chemical composition of GH4169 powder ( mass fraction ) %

JLER SEE PV S E
Ni 54.0 Si 0.031
Nb 5.29 Mn <0.005
Mo 3.11 Cu 0.016
Cr 19.72 Mg <0.005
Al 0.38 P 0.0094
Ti 1.01 Fe Bal.
Co 0.16 B <0.005

C 0.031 S <0.003
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Table 4 Comparison of wall thickness deviations in two directions
for different structures

PERER /| AT | RS fifi 2% Lt

SRR T
BB T | W fmm | S /mm | (AT E)
HH 0.61 0.81 0.74 1.54
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BPEH 0.20 0.39 0.33 1.46
BCCH 0.41 0.91 0.60 2.63
FCCH 0.44 0.93 0.57 3.77
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Fig.10 BCCH structure stress—strain curve and comparison with other structures
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Table S Peak mechanical properties of different structures

S bR e PR A E/GPa I EPURIREE 0/MPa
HH 2.142 (X3) 294.03 (X3)
BEEH 1.942 (X2) 252.44 (X3)
BPEH 1.667 (X3) 195.09 (X3)
BCCH 1.874 (X2) 110.19 (X3)
FCCH 2.716 (X3) 253.97 (X3)
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Fig.11 Deformation and failure process of compression tests with different structures
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