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1.Introduction 

Due to their low weight, high energy absorption capacity, 

high crushing length, large energy-to-weight ratio, thin-

walled structures are considered as one of the most 

efficient energy absorption systems which are 

increasingly used in many industries, particularly the 

automotive and rail engineering. This study focuses on a 

S-shaped energy absorber, which can be taken as a simple 

structure of front end of the chassis in car. The idea 

behind this study also indicates that relations between 

forces and axial compression reduction as well as the 

relationship between applied bending moment and 

rotation angle obtained by energy equilibrium can be 

utilized to introduce simplified models as critical 

modeling technique and includes the beam and spring 

elements. In addition to application in thin-walled 

structures, they have also the ability to be replaced by the 

accurate models in stress analysis. The main advantage of 

simplified models is to reduce the analysis time in 

computer by providing results close to the original model. 

In this paper, bending collapse mechanism of thin-walled 

tube with circular and rectangular cross-section is 

evaluated.  

 

2.S-shaped Energy Absorber 
Figure 1-A. shows a car chassis. According to Figure 1-

B. thin-walled structure can be considered as a simplified 

front chassis bottom rails. 
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Fig. 1. S-shaped energy absorber: (A) Car chassis, (B) simplified 

front chassis bottom rails  

  

3.Bending collapse Mechanism 

Conventional collapse mode for thin-walled tubes is 

shown in Figure 2. This mode is forecasted by numerical 

simulation results of cylindrical tubes with a simple 

support subject to a three-point bending collapse and it is 

also verified through bending tests. It should be noted that 

although three-point bending mode is the case in this 

figure, it can be adapted, according to Figure 2, to axial 

crushing collapse mode. 

 

 
Fig. 2.  Bending mode obtained by computerized simulation: (A) 

Axial impact. (B) three-point bending 

 
4.Simplified Numerical Model 

Figure 3. illustrates simplified model obtained by Liu 

modeling technique. The simplified model is based on 

non-linear torsion spring placed on critical points of the 

model. 

 

 
Fig. 3. Simplified model for circular and rectangular cross-sections 
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Table 1. Comparison of results obtained by simplified and detailed models for circular and rectangular sections 

 

 

5.Results 

In simulations performed by LS-DYNA, models collide 

with a rigid wall at a speed of 15 m/s at 0.01 second. The 

results obtained by both models are given in Table 1. 

Table 1 shows that the obtained dynamic results of 

simplified model and detailed model for both circular and 

rectangular cross-sections are in good agreement in terms 

of little difference in parameters of displacement, stress 

force and absorbed energy. 

 

6.conclusion 

This paper evaluated thin-walled tubes' bending collapse 

using a simplified numerical model. Using axial stress 

simulation and results comparison, assigning non-linear 

torsion spring elements to simplified model was verified. 

In addition, a comparison was done between thin-walled 

tubes of circular and rectangular cross sections in order to 

make proper selection for some parts of car chassis 

considering the importance of absorbed energy or acting 

force on the structure. Selection of cross section type, for 

example when collision occurs, can be of great 

importance for car and the occupants. Finally, a 

comparison between detailed and simplified results was 

given. It can be observed that deviation percentage in 

results for parameters of displacement, crushing force and 

absorbed energy is negligible. Thus, this critical modeling 

technique, which is used in initial design for evaluation 

of impact analysis and computerized simulations, is 

utilized in order to reduce calculation time and resources.   

 

 
Detailed 

circular model 

Simplified 

circular model 

Difference 

percentage (%) 

Detailed 

rectangular model 

Simplified 

rectangular model 

Difference 

percentag

e (%) 

Displacement (mm) 149 148.8 0.13 149 148.9 0.06 

Crushing force  (KN) 25.9 34.4 39.3 16.9 21.5 25.9 

Absorbed energy (KJ) 1.19 1.07 10 1.51 1.66 -9.9 


