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Abstract 

The main aim of this study is to carry out dynamic finite element analysis of a crash between two identical 
shunting locomotives. Numerical simulations include front-end impact of the running locomotive with a stationary one 
situated on the track. The first design collision scenario includes such obstacle for railway vehicles operated on 
national and regional networks. A considered locomotive based on a popular Polish shunting locomotive – SM42. 
However, the tested locomotive was slightly modernized in comparison with the original one. Finite element model of 
the locomotive was developed by the authors. FE analyses were carried out according to the PN-EN 15227 standard, 
which provides crashworthiness requirements for railway vehicle bodies. LESS-DYNA computer code was used for the 
simulations. The energy balance was initially checked in order to confirm the accuracy of analysis. The paper 
presents selected results of analyses focused on the locomotive frame behaviour. Contours of effective stress for 
selected moments of time are presented. Time histories of selected parameters are also depicted. The current study is 
a part of the project focused on modernization of the SM42 locomotive. Therefore, it is required to evaluate the 
locomotive behaviour during the impact test. Dynamic numerical simulation is acceptable since the experimental tests 
on the complete objects under consideration are impractical and impossible at the moment. 
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2. F    

Fig. 1. FE model of two identical locomotives used in the 1st design collision scenario – FE mesh not shown 

Tab. 1. Summary of the complete FE model of the 1st collision scenario between two identical locomotives 
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Fig. 2. Energy balance (a) and the energy ratio (b) obtained from the analysis for the complete FE model 

3.   
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Fig. 3. Velocity (a) and acceleration (b) of the locomotives’ cab obtained from the analysis 
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d) 

 

Fig. 4. Views of collision between two identical shunting locomotives for selected moments of time: 50 ms (a), 100 ms (b),  
150 ms (c), 200 ms (d) 
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Fig. 5. Vertical displacement of the axleboxes for the first (a) and the second (b) wheelset of the rear bogie confirming 

a risk of the locomotive derailment 

a)

 

b)

 
Fig. 6. Time history of buffers’ compression (a) and internal energy of buffers and the locomotive frame (b) obtained 

from the FE analysis 
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g) 

 

h) 

 

Fig. 7. Contours of the effective von Mises stress for the locomotive frame in selected moments of time: 25 ms (a), 50 ms (b),  
75 ms (c), 100 ms (d), 125 ms (e), 150 ms (f), 175 ms (g), 200 ms (h) 
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Fig. 8. Relative changes in longitudinal (a) and diagonal (b) distance between buffer attachments 

4.  
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Railway applications – Crashworthiness requirements for 
railway vehicle bodies

Development of finite element model of shunting locomotive 
applicable for dynamic analyses
Full-scale locomotive dynamic crash testing and correlations: locomotive consist colliding with 
steel coil truck at grade crossing (Test 3)
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