
Abstract – Implementation of collision energy absorber in bearing structure of the current railway 
vehicles presents a big engineering challenge. A main challenge is to develop compact absorber 
suitable for installation in a very limited space at the front beam. Beside to compact dimensions, 
designer has a task to create absorber with required absorption power and the most acceptable 
deformation scenario during energy absorption. Previous investigations of the different types of 
collision energy absorbers have shown that shrinking tube absorber gives the best output 
parameters. The subject of this paper is numerical research of the impact of tube wall thickness 
and polyurethane (PU) foam density on energy absorption and specific energy absorption of 
shrinking tube absorber. Using this type of absorber, energy absorption arises: 1) elastic-plastic 
deformation of tube wall, 2) friction between absorption elements and 3) compression of PU foam 
inside the tube. The paper presents numerical simulations performed in ANSYS Workbench 
software using the quasi-static behavior and a plane axi-symmetric model. Analysis of empty and 
foam filled tube were done. Validation of developed numerical model was realized by comparison 
with experimental results obtained via previous quasi-static tests. Results of numerical simulations 
showed that increase of wall thickness leads to significant increase of mass and deformation 
resistance, respectively. Greater mass in comparison with purpose and benefit of absorber is 
absolutely acceptable, but a sharp increase of the deformation resistance may induce uncontrolled 
distortions of wagon structure before a fully utilization of absorber. On the other side, increase of 
PU density gives lower increase of deformation resistance in comparison to previous one and 
negligible increase of mass. Mentioned parameters were carefully analyzed and influence of them 
on energy absorption and specific energy absorption was discussed. Presented numerical analyses 
showed that it is possible precisely to set absorption characteristics without performing 
experimental tests, and to reduce development costs by using validated numerical model.
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Fig.1. Numerical models: a) empty tube and b) foam 
filled tube (1-semaless tube, 2-cone bushing and 3-PU 

foam)

Fig.2. Meshed model: 1-semaless tube, 2-cone 
bushing and 3-PU foam

Tab. 1. Material properties 



Fig. 3. Force vs. stroke diagram – validation 
numerical models

Fig. 4. Shape of deformation: a) experimental 
investigations and b) numerical simulations

Fig. 5. Force vs. stroke diagram – empty tube

Fig. 6. Force vs. stroke diagram – foam filled tube – 
different density of PU foam 

Fig. 7. Force vs. stroke diagram – foam filled tube – 
different density of wall thickness

Fig. 8. AE/SAE vs. wall thickness – empty tube 



Fig. 9. AE/SAE vs. wall thickness – foam filled tube

Fig. 10. AE/SAE vs. density of PU foam – foam filled 
tube
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