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ABSTRACT 

Thin walled multi-cell columns are highly efficient in energy absorption under axial crushing 

loads. In this study, the dynamic axial crushing of bi-tubular metallic cylindrical tubes is 

numerically studied. Proposed Bi-tubular tubes are unique in the feature as the inner tube is 

conical in shape and outer tube is circular, along with stiffeners in between these tubes. The 

inner tube conical angle named as β is varied from zero to 5 degrees and its sensitivity in 

energy absorption is studied. In total six configurations with varying β from 0 to 5 with 1 

degree increment in each configurations are studied. Deformation modes, specific energy 

absorption and crushing efficiency are discussed and a generic contribution of β is proposed 

for such configurations.  

Keywords: bi-tubular, dynamic crushing, numerical modeling, specific energy absorption, 

stiffener, conical. 

 

INTRODUCTION 

Multi-cell thin walled tubes are hugely under research focus as with increasing demand for 

safety and energy absorption in aerospace and automotive structures.  They can be used as an 

energy absorber in the energy-absorbing devices such as vehicle structural components (front 

rails and low rails of the passenger car) (Yin, 2014), train buffers (Marsolek, 2004) and 

helicopter subfloors (Kindervater, 1997).  

An ideal energy absorber should resist impact loads without causing a complete instant 

failure, and dissipate impact energy with controllable deformation. Energy absorber capacity 

of an energy absorber is dependent on material properties, cross-section configurations, wall 

thickness and boundary conditions.  

In this study, a new configuration of multi-cell thin walled bi-tubular configuration with 

joining stiffeners in between two tubes is presented. The outer tube is circular while inner 

tube is conical in shape with varying angles with vertical reference of outer tube as shown in 

Figure 1. Six configurations are named as SCβ-n where SC stands for straight-conical and β-n 

is the inner conical tube reference angle which varies from 0 to 5 degrees. 

A finite element analysis of all of the proposed configurations is performed in ABAQUS
TM

 

Software Explicit Dynamics (ABAQUS, Version 6.15) and model is validated against 

published results for bi-tubular system (Tang, 2013). A comparison is shown for the energy 

absorption and the deformation modes for all of the proposed configurations. 
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Fig. 1 - Schematic drawing of the proposed configuration 

 

RESULTS AND CONCLUSIONS 

All the tubes deformed in axisymmetric or concertina mode which is the desirable mode of 

deformation for better energy absorption. The deformation starts from the crushing/top end 

and goes down to the fixed side.  However, the deformation starts from the crushing end in 

SCβ-1 configuration but after few lobes formed, crushing from the bottom end was also 

observed. SCβ-2 shows the same deformation pattern as observed in the case of SCβ-1 but the 

crushing process is smoother than the former, which is one of the reasons for better energy 

absorption of SCβ-2. For the case of SCβ-3, deformation starts from the crushing end and 

goes down towards the other side. In this case, a drop in initial peak force is observed and also 

more abrupt fluctuation around the mean crushing force. SCβ-4 and SCβ-5 configurations 

shows almost the same crushing behavior as that of SCβ-3 but a decrease in the initial peak 

force compared to the previous case and also an abrupt fluctuation was observed around the 

mean crushing force. Figure 2 shows the deformation modes and lobes formation for all of the 

configurations at the full crushed phase. 

 
Fig. 2 - Deformation modes for all of the configurations (Lobes behavior) 
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