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(a) Continuously density-graded foam core of the high
H direction in polar coordinates
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(b) Continuously density-graded foam core of the
radius r direction in polar coordinates
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Continuously density-graded aluminum foam core in polar coordinates
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Fig. 2 Density characteristics of the continuously

density-graded foam core
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Fig. 4 Schematic diagrams of continuously density-graded foam sandwich tube in polar coordinates
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Table 1 Material parameters of Johnson Cook model

ke % (kg/m’)  HERE (GPa) A (MPa) B (MPa) n ¢ m

i) 7850 210 507 320 0.28 0.064 1. 06

KEZG I FER A JWL RS T 8, kAl U A LBLR Ry w0 WH G E NFEZ5 0106 LN fE

LU V'l B3 VA BRUKE 26 1 9 A R 32 2 S KR 25 10
P:A(l_RwV)elev_FB(l_RwV)e—sz_’_% RS
(6)

R2 HHNHMBSH

Table 2 Material parameters of explosives

g e (kg/m®) M (m/s) A (GPa) B (GPa) R, R, w E (GJ/m*) \%

JHL-3 1650 7050 611 10.7 4.4 1.2 0.35 8.9 1.0
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Fig. 5 Splitting method and density verification of continuously density-graded foam core
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Table 3 Geometric parameters of unidirectional continuous density gradient core aluminum foam sandwich tube

mWis SMEER NEHR SN BE R P R R AH X %5 BE IR T i o BE
= dy (mm) d; (mm) t, (mm) ¢; (mm) o (Y% m (g) k
U-£0 103 60 1.5 1.5 10 0.5090 0.0
P-k1.2 103 60 1.5 1.5 10 0.5088 1.2
N-£1. 2 103 60 1.5 1.5 10 0.5107 1.2
MH-£1. 2 103 60 1.5 1.5 10 0.5084 1.2
MIL-£1. 2 103 60 1.5 1.5 10 0. 5080 1.2
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Fig. 10 Deformation nephograms of continuously density-graded foam sandwich tubes
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Abstract  This study investigated the dynamic response of continuous-density-graded aluminum foam
sandwich tubes subjected to internal explosion loads. A finite element model for continuous-density-graded
aluminum foam and sandwich tubes was established in polar coordinates using 3D-Voronoi technology. The
influences of core density distributions, such as positive-gradient, negative-gradient, and V-shaped gradi-
ent including middle-high-gradient (high in the middle and low at both ends) and middle-low-gradient (low
in the middle and high at both ends), core density gradient, assembly methods of tube walls and the core,
and the length-to-diameter ratio of explosives on the anti-shock performance of the sandwich tube structure
were analyzed. Results demonstrate that, for the same core density gradient, the maximum deformation of
the outer tube in the sandwich tube with a negative-gradient core is the least, while the sandwich tube with
a middle-low-gradient core exhibits the highest specific energy absorption, and the sandwich tube with a
middle-high-gradient core shows the weakest anti-shock performance. As core density gradient increases,
the maximum deformation of the outer tube in the sandwich tube with a negative-gradient core significantly
decreases. The specific energy absorption for the sandwich tube with a middle-low-gradient core rises ini-
tially before declining, while the anti-explosion performance of the sandwich tube with a middle-high-gradi-
ent core deteriorates. Optimal bonding between tube walls and the core effectively improves the specific en-
ergy absorption of sandwich tubes with a uniform, negative-gradient, or middle-low-gradient core, but it
also increases the maximum deformation of the outer tube. For varying length-to-diameter ratios of explo-
sives, the maximum deformation of the outer tube in the sandwich tube with a negative-gradient core is
smaller. The present work aims to provide valuable insights for designing such structures for protective
engineering applications.

Key words blast resistance, density-graded foam, sandwich tubes, Voronoi technology





