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ABSTRACT: The work aims to study the effects of section configuration and geometric parameters on the deformation
mechanism and energy absorption performance of aluminum foam sandwiched double-tube under transverse load. Finite
element software Abaqus/Explicit was used to carry out numerical simulation on the aluminum foam sandwiched
double-tube under transverse load. The aluminum foam sandwiched double-tube exhibited three stages in the process of
transverse compression, namely, the initial compression stage, the plastic deformation stage, and the densification stage. It
was also found that the crashworthiness of a novel aluminum foam sandwiched double-tube, comprised of square outer
and circular inner tubes, was significantly stronger than that of the double square tube structure. As the outer tube diame-
ter increased and the inner tube diameter decreased, the load-bearing capacity and energy absorption capacity of the novel
aluminum foam sandwiched double-tube increased. The increase in wall thickness of the inner tube resulted in an in-

creasing trend in energy absorption, specific energy absorption, average crushing load, and crushing force efficiency. The
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deformation failure mode of aluminum foam core material is affected by the section shape of the inner tube. Compared

with the traditional double square tube structure, the novel sandwiched double-tube is a better energy-absorbing compo-

nent, which shows greater application potential in the safety protection of lateral collision. By increasing the

tance between the inner and outer tubes and the wall thickness of the inner tube, the energy absorption performance of the

novel sandwiched double-tube can be improved.

KEY WORDS: aluminum foam; sandwiched double-tube; transverse compression; energy absorption performance; nu-

merical simulation
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Tab.1 Specimen parameters

KEgS  SMER (D) /mm SMEREEIE (T,) /mm

WS (D) /mm  NAEEEE (7)) /mm X EBE (m) /g

SSCT 50 1.3
SCCT-01 40 1.3
SCCT-02 50 1.3
SCCT-03 60 1.3
SCCT-04 70 1.3
SCCT-05 50 1.3
SCCT-06 50 1.3
SCCT-07 50 1.3
SCCT-08 50 0.8
SCCT-09 50 1.8
SCCT-10 50 2.3
SCCT-11 50 1.3
SCCT-12 50 1.3

SCCT-13 50 1.3

30 1
30 1
30 1
30 1
30 1
25 1
35 1
40 1
30 1
30 1
30 1
30 0.5
30 1.5
30 2

102.5
69.6
104.9
146.6
194.6
109.3
99.3
92.4
923
117.6
130.4
97.3
112.4
120.0
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Fig.5 Comparison of numerical simulation and experimental load-displacement curves
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Fig.7 Simulation of deformation process of aluminum foam
sandwiched double-tube under transverse compression
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Tab.2 Crashworthiness of SCCT components with different tube diameters

B4 /mm Epall Espa /(J-gh F./kN Ecre
D,=40 114.56 1.65 5.73 0.72
D,=50 24227 2.31 9.70 0.78
HNEFRE Di=30
D,=60 421.10 2.87 14.06 0.66
D,=70 668.43 3.43 19.09 0.64
D=25 309.96 2.84 12.38 0.71
WA D=50 D=35 181.11 1.82 7.25 0.76
D=40 119.66 1.30 478 0.71
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Fig.11 Effect of inner and outer tube wall thickness on the
load-displacement curve of SCCT components
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Tab.3 Crashworthiness of SCCT components with different wall thickness

E’.%E/mm EEA/J ESEA/(J‘gil) Fm/kN ECFE

T,=0.8 236.10 2.56 9.46 0.73

N T,=1.3 242.27 2.31 9.70 0.78
SMEREIR Ti=1

T,=1.8 268.46 2.28 10.72 0.78

T,=2.3 311.65 2.39 12.46 0.56

T7:=0.5 210.08 2.16 8.39 0.68

WA BEJE T,=1.3 T=1.5 287.18 2.56 11.47 0.81

=2 337.21 2.81 13.47 0.83
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