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Dynamics of a thirty-one DOF train model 

 

Suppose a thirty-one DOF train travels at a constant speed V on a straight track, the 

dynamic equations of the model can be derived as follows: 

(1) Dynamics of the car body: 

 
c c sycm y F  (A1) 

 c c szcm z F  (A2) 

 
cx c sxcI M   (A3) 

 
cy c sycI M   (A4) 

 cz c szcI M   (A5) 

where the suspension forces and moments are 
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(2) Dynamics of the bogies: (i=1 and 2 for the front and rear bogies, respectively. And 

i=1 when j=1 or 2; i=2 when j=3 or 4) 



2 

 

 
t ti sytm y F  (A11) 

 t ti sztm z F  (A12) 

 
tx ti sxtI M   (A13) 

 
ty ti sytI M   (A14) 

 tz ti sztI M   (A15) 

where the suspension forces and moments are 
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(3) Dynamics of the wheel-sets: (j = 1–4 for the four wheel-sets from front to rear  

respectively, and i=1 when j=1or 2; i=2 when j=3 or 4) 



3 

 

 
w j Lyj Ryj Lyj Ryj syjm y F F N N F    

                         
 (A21) 

 
w j Lzj Rzj Lzj Rzj szjm z F F N N F W     

                     
 (A22) 

 

0

( ) ( )

           ( ) ( )

           

wx j wy j Ryj Rzj Rzj Ryj Lyj Lzj Lzj Lyj

Ryj Rzi Rzj Ryj Lyj Lzj Lzj Lyj

Lxj Rxj sxj

V
I I R F R F R F R F

r

R N R N R N R N

M M M

     

   

  
        

 (A23) 

 

0

( ) ( )

           ( )

wz j wy j Rxj Ryj Ryj Rxj Lxj Lyj Lyj Lxj

Rxj Ryj Lxj Lyj Lzj Rzj szj

V
I I R F R F R F R F

r

R N R N M M M

      

    
    

 (A24) 

in which the suspension forces and moments are 
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The rail interactions, which include the creep forces, creep moments, and normal 

forces, can be expressed as in the following: 

(4) Creep forces on the left wheel:  

 * *

Lxj Lxj Lyj jF F F    (A29) 

 * *

Lyj Lxj j LyjF F F   (A30) 

 * ( )Lzj Lyj L jF F   
 

(A31) 



4 

 

(5) Creep forces on the right wheel: 

 * *

Rxj Rxj Ryj jF F F    (A32) 

 * *

Ryj Rxj j RyjF F F   (A33) 
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(A34) 

(6) Creep moments on the left wheel: 
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(7) Creep moments on the right wheel: 
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In equations (A29)–(A38), according to Kaller theory [8],

* * * * * *, ,  ,  ,   and Lxj Lyj Lzj Rxj Ryj RzjF F M F F M  are defined as: 
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(8) The normal forces between the wheel-sets and the rail: 
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In addition, the position vectors of the contact point between wheels and the rail can be 

expressed as follows: 

 
Rxj jR a  (A48) 

 
Ryj Rj jR a r     (A49) 

 
Rzj j RjR a r    (A50) 

 
Lxj jR a   (A51) 

 
Lyj Lj jR a r    (A52) 

 
Lzj j LjR a r   (A53) 

where ,  ,   and L R Li Rir r   can be derived by the following geometric relations: 
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Substituting equations (A25)–(A54) into equations (A21)–(A24), the dynamic of the 

wheel-sets can be obtained as follows: 
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The dynamic model of the thirty-one DOF full-train model can be derived by equations 

(A1)–(A5), (A11)–(A15) and (A55)–(A58). 

 


