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Table 1 Material parameters

Material Density/(kg'm™)  Young’s modulus/GPa Poisson’s ratio  Yield stress/MPa  Tangent modulus/MPa
Stainless steel 7830 193 0.25 205 787.5
Foam core/
2700 70 0.30 80 700.0

circular tube core

R2 BABRSEN/LASHAMLEER

Table 2 Geometric parameters and experimental results for the aluminum foam sandwich tubes

Exp. No. R,/mm h,/mm R,/mm h,/mm w/g P U,/mm U,/mm
1 50.5 1.5 31.5 0.6 60 0.10 37.7 28.4
2 50.5 1.5 31.5 1.2 50 0.15 24.1 14.6
3 50.5 1.5 315 0.6 50 0.15 25.0 14.2
4 50.5 1.5 315 0.6 60 0.15 33.9 23.1
5 50.5 1.5 25.5 0.6 50 0.15 23.4 12.9
6 50.5 1.0 31.5 0.6 50 0.15 33.6 21.8
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Fig. 1 Experimental set-up of ballistic pendulum system
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Fig. 2 Deformation modes for the aluminum foam sandwich tubes
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Table 3 Comparison of the experimental and theoretical impulse

Exp. No. Ig/(N-s) I/(N"s) Error/% Exp. No. I/(N"s) I/(N-s) Error/%
1 6.08 6.17 1.48 4 5.20 6.17 18.70
2 5.23 5.68 8.60 5 5.24 5.68 8.40
3 5.19 5.68 9.40 6 5.68
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Fig. 3 Finite element model of aluminum foam sandwich tube Fig. 4 Mesh convergence analysis
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Fig. 5 Comparison of deformation modes between experiments and simulations
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Fig. 6 Comparison of midpoint deflections between experiments and simulations
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Table 4 Errors of the midpoint deflection
U U,
Exp. No.
Exp./mm Sim./mm Error/% Exp./mm Sim./mm Error/%
1 39.4 34.7 11.9 28.4 22.5 20.8
2 24.1 19.3 19.9 14.6 10.5 28.1
3 25.0 21.1 15.6 14.2 13.2 7.0
4 33.9 322 5.0 23.1 21.5 6.9
5 23.4 17.7 24.4 12.9 9.7 248
6 33.6 30.6 8.9 21.8 18.3 16.1
Displacement/mm
5.19 _ _
475 - v, P - _
432 4 _ u
3890 4 y w
3.46 i { v
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Fig. 7 Typical deformation modes of the aluminum foam sandwich tube (Exp. 3)
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Table 5 Wall thickness of circular tubes

Exp. No. h,/mm Exp. No. h,/mm
1-2 0.3 4-2 0.4
2-2 0.4 5-2 0.4
3-2 0.4 6-2 0.4
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Fig. 9 Typical deformation stages of the circular tube core
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Table 6 Core arrangement groups of sandwich tubes with circular tube core

Group hey/mm hey/mm he/mm Group hey/mm he,/mm he/mm
a 0.4 0.4 0.4 f 0.5 0.4 0.6
b 0.5 0.5 0.5 g 0.5 0.6 0.4
c 0.6 0.6 0.6 h 0.6 0.4 0.5
d 0.4 0.5 0.6 i 0.6 0.5 0.4
e 0.4 0.6 0.5
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Table 7 Simulation results for Exp. 3-b and Exp. 3-f

Exp. No. m*/g Eg/J-gh ny/% n/% nJ/% A
3-b 178 0.7 32.0 0.6 67.4 0.12
3-f 178 0.7 32.5 1.0 66.4 0.11
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Response Characteristics and Deformation Mechanism of Sandwich Tubes
under Lateral Explosive Loads

YANG Qiao, ZHANG Tianhui, LIU Zhifang, LEI Jianyin, LI Shigiang

(Institute of Applied Mechanics, College of Aeronautics and Astronautics, Taiyuan University of Technology,
Taiyuan 030024, Shanxi, China)

Abstract: The dynamic response and energy absorption performance of foam aluminum sandwich tubes
under lateral explosive loads were systematically investigated using a combination of experimental research
and numerical simulation. A series of lateral explosion experiments were conducted using a ballistic
pendulum system to analyze the effects of structural geometric parameters, foam aluminum density, and the
explosive mass on the deformation mode and blast resistance performance. Based on the experimental
results, numerical simulations were performed to further compare the blast resistance performance of foam
aluminum sandwich tubes and circular tube core sandwich tubes, comparing gradient and non-gradient
designs of circular tube core sandwich tubes. The results show that, the final deformation of circular tube
core sandwich tubes is greater than that of foam aluminum sandwich tubes, although the difference is not
significant. Among the gradient circular tube core sandwich tubes, the configuration with the largest outer
wall thickness and the thinnest middle layer exhibits the best improvement in blast resistance performance.
Furthermore, the blast resistance performance of gradient circular tube core sandwich tubes is significantly
superior to that of non-gradient structures.

Keywords: explosive loads; sandwich tubes; deformation modes; energy absorption; blast resistance
performance
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