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Abstract. Lightweight, load-bearing, and penetration-resistant integrated meta-structures have significant po-
tential in military equipment and defense facilities, as they can effectively reduce weight and improve space uti-

lization compared to traditional load-bearing structures and armors. Based on hybrid sandwich meta-structures,
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the load-deflection curves of the meta-structure and the traditional corrugated sandwich under 3-point bending
loads were compared. The protective performance and energy absorption mechanism of the meta-structure un-
der multiple ballistic impacts were experimentally studied. The research results indicate that, the hybrid sand-
wich meta-structure mainly experiences brittle fracture of ceramic, plastic fracture of face-sheets, and debond-
ing of the adhesive layer under bending loads. Its load-bearing capacity is higher than those of traditional corru-
gated sandwiches. Furthermore, the study also reveals that the impact location and the lattice core type influ-
ence the multi-impact resistance of the meta-structure, with the honeycomb core demonstrating superior multi-
impact resistance compared to the corrugated core. The corrugated sandwich lacks longitudinal constraints on
the ceramic, while the honeycomb core provides stronger constraints on the ceramic, limiting the area of ce-
ramic damage. As a result, the penetration-resistant performance remains relatively consistent as the number of

impacts increases.
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Fig. I ~ The 3-point bending tests of 2 sandwich beams with a corrugated core and a meta-structure, respectively
F1 SRS
Table 1 ~ Samples for 3-point bending

number structure weight m /g areal density p, /(kg-m™?)
T-E-1 91 9.81
T-E-2 corrugated sandwich 88 9.49
T-E-3 88 9.49
L-E-1 88 9.49
L-E-2 corrugated sandwich 88 9.49
L-E-3 88 9.49
T-C-1 222 23.95
T-C-2 meta-structure sandwich 215 23.20
T-C-3 215 23.20
L-C-1 221 23.84
L-C-2 meta-structure sandwich 224 24.17
L-C-3 217 23.41
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Fig. 2 Average force-displacement curves of corrugated sandwich and meta-structure for the 3-point bending tests
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Fig. 3 Force-displacement curves and deformation processes of corrugated sandwiches
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Fig. 4 Force-displacement curves and deformation processes of meta-structure sandwiches
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Table 2 Configurations of target plates

target thickness of the front sheet ¢; /mm thickness of the back sheet ¢, /mm areal density p, /(kg-m™2)
A 1 2 59
B 1 3.3 69.2

(a) FHLCHEAE: mm)

(a) The projectile (unit; mm)

12.5

(b) RS (B . mm)

(b) The meta-structure (unit; mm)

target support 30

25
¢ 0
target plate y

light curtain screen

V T
Cclip /L\ — 2 projectile
timer / clock

(¢) SEHBTH( A7 m)
(¢) The experimental design (unit; m)
B 5 LN RmEREEREE
Fig. 5 Schematic diagram of the experimental setup
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Table 3 Experimental results

target No. Vi /(m-s™) impact location experiment
N/P w /mm D /mm
1 827 base N 15.2 100
! 2 825 side p _ _
1 824 base N 10.8 102
2 829 base N 9.5 115
’ 3 821 base N 10.5 113
4 830 side P - _
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Fig. 6 Transverse cross-sections of the target A after being penetrated by the projectile
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(¢) DR #L[&l
(c) The DR view
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Fig. 7 The detail view of the Target B after multi-hit
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Fig. 8 Schematic diagram of the hybrid honeycomb sandwich meta-structure (unit; mm)
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Table 4 Experimental results

impactlocation No. V. /(m-s7") N/P
center 412 p
center 402 p
center 403 p

node 385 N
node 390 N
node 388 N

(a) i

(a) The center impact

(b) b
(b) The node impact
9 ZpiBILHh T R IR A4 5 IS R A TR AL S CT AL

Fig. 9 The back view and the CT view of the hybrid honeycomb sandwich meta-structure under multi-impact loads
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