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Experimental and numerical investigation on crushing of metal-composite
hybrid energy absorber under a quasi-static loading
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Article Information Abstract

Original Research Paper In this paper, a parametric study on the effect of thickness and stacking sequence of composite layers in
Received 10 March 2019

a hybrid energy absorber with an aluminum tube wrapped with glass/epoxy composite layers has been
Accepted 18 May 2019 . . . . . . .
Available December 2019 experimentally and numerically investigated. The samples were fabricated by vacuum assisted resin

transfer molding (VARTM) and tested under a quasi-static crushing load. Specific absorbed energy was
Keywords: used as a criterion for evaluating. In addition, the type and mode of failure mechanisms during the
Metal-Composite hybrid energy crushing have been thoroughly investigated. The energy absorbers used by the multi-layered shell
absorber element is modeled in Ls-Dyna software and the effect of the trigger is considered with continuous
Glass/epoxy composite reduction of the length of the shell layers relative to each other. The interlayer cracks are modeled
Quasi-static loading according to the force-separation formulation and are used to eliminate the mesh size effects from the

Specific energy absorption adhesion length criterion. Most of the mechanical properties required for modeling were also measured

using standard tests. The results show an acceptable correlation between experimental data and
numerical modeling. As the thickness increased, the maximum force, mean force, and absorbed energy
(EA) increased. Aluminum Crash mode in aluminum tube compared to hybrid tube, it has been
transformed from accordion to diamond. In addition, fiber collapse has been associated with the
formation of outward bending layers.
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Table 7 Comparison of the results of experimental crashworthiness
parameter with numerical simulation

Specimen EA(KJ) SEAKIKG) Prax (KN) Prean (kN) CLE%

Exp. 0/41 822 13/44 7112 50/47

Al oNumo 042 832 142 688 48145
Error%  2/5 2/4 56 1/5 4

EXp. 2127 22165  34/99  22/65 68/67

1 Num.  2/52 2520  39/04 2522  64/6

Error % 11/45 1126 1176  11/134  5/93

Exp. 323 2049  56/94 32729  56/7

2 Num.  3/28 2050  60/58  32/76 54/08

Error %  1/58 0/05 6/39 147 4163

Exp. 314 19/99  45/36 35137 77/97

3 Num.  3/38 2113 43/27 338  78/11

Error %  4/37 5/68 4/61 4/42 018

EXp. 4/36 19/32  68/34 4357 63/76

4 Num.  4/22 17/96  68/73  47/)21 68/69

Error %  3/14 7/05 0/57 8/35  7I73

Exp. 4122 17/87 76/2 42123 55/41

5 Num.  3/77 16/04  80/62  38/16 49/33

Error % 10/76 10/23 5/79 9/62  10/90

Exp.  4/04 16/85 58/8 40/43  68/77

6 Num. 3/6 15/32  64/48  35/96 55/77

Error % 10/98 9/09 9/65 11/08  18/9

Exp.  5/08 15/73  79/56  50/81 63/86

7 Num. 5/3 16/31 81/9 52/96  64/66

Error %  4/36 3/67 2/94 424 126
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