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In order to avoid unpleasant incidents, it is crucial to maintain the stability for high-speed
railway vehicle. In this research, high-speed railway vehicle dynamics with 38 degrees of
freedom was investigated, adding longitudinal movement equations. Another innovation of this
investigation is to determine the critical velocity for the studied railway vehicle and using
nonlinear elastic rail for the wheel and rail contact. In this study, the stable and hunting behavior
of the system was investigated. To identify the chaotic motion of the system, frequency analysis
has been performed. Also, by plotting the Poincaré map, dynamic behavior of the system is
illustrated in discrete state space, which could be good criteria for the chaotic or periodic
behavior of the system. Long-term behavior reveals that at speeds lower than the critical speed,
the system oscillates until it reaches the steady-state of the system. In steady motion, the
oscillation continues until the critical speed. When the system reaches the critical velocity, the
motion on the limit cycle occurs for the first time and when the speed is higher than critical speed,
the vibration amplitude increased smoothly. It was observed from the frequency response plot
that the hunting frequency evaluated via the linear elastic rail is higher than that derived using
nonlinear model.
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nonlinear elastic rail

  

1 - 
               
  .        
              
  .         

            .  
             

           .  
            

               
   ]1[ .        

    .          
                
]2 -5[.

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
30

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             1 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.30.4
https://mme.modares.ac.ir/article-15-6962-fa.html


    

       

  

310  139415 5  

2006 ]6[  
 . 

8 6  .
]7[ 

28 4 2 
 .4 

  
2008 ]8[ 

8  . 

 .  8 
6 

 .]9[ 
 . 

 .  
 .

  
2009]10[ 

20 
 . 

 . 

  
2010]11[  

 .  
600  . 

 .
  .]12[ 

  17  
  . 

 .
   . 

  . 
  . ]13[ 

            
.           
     .     

      .       31 
     .          

             .   
            

            .  

 2011  ]14[       
    31      .     

          
          . 

            
.          .   
             .  

  2012    ]15[      
              
            
             

         .   
 -   ]16[         

 DDSHV1           
             

         .     
           .  
  2013 ]17[     

               
   .        

             
             

            
      .  

         38    
       )   

  (    .    
           .

 2 ) 4 5 (  
 .  .

           .
            

             .

2 -  38  
2-1-   

1   
     

  .  
1         

             
        .       

            
     

         
          

1- Dynamic Derailment Simulation for High-speed Vehicle
2- Runge-Kutta

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
30

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             2 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.30.4
https://mme.modares.ac.ir/article-15-6962-fa.html


    

      

139415 5  311  

  
 1  ]14[  

 2      ]14[

  )       
(  )      (

      .     
    6      6   
      .      

      y      
   .5          

  . 38  .  
           

           . 
2       

       yR 
 se ]18[.      

      
     

     .    
 .

        1 

1- Knife-edge

    2 
     .

2-2-   
    

       
 .      2]19[ 

    )1( 
 

)1-  
* 33

0

1 L
Lxij wij

y

f raF V a
V R r

)1-  
. . .

* 11 12

0
wij wij wijLyij L wij L

f f V VF y r V
V V Ry r

)1-  
* 12 22

0
Lzij wij L wij wij wij L

f f V VM y r V
V V Ry r

)1-  
* 33

0

1 R
Rxij wij

y

f raF V a
V R r

 

)1-  
. . .

* 11 12

0
wij wij wijRyij L wij R

f f V VF y r V
V V Ry r

)1-  
* 12 22

0
Rzij wij R wij wij wij R

f f V VM y r V
V V Ry r

 

 i )1i 2i  j )1j 
  2j     

    L 
R    V 

 yR     0r  a  

LRLr Rr 11f

12f22f 33f      /
   .

ij       3 
 ]14[:

)2(  

2 3 41 1 1 1 1tanh 10 3
3 27 2 2ij ij ij ij ij

ij

41 1 1tanh 10 3
2 2ij

ij

  

)3(  

2 2* *

2 2* *
, ,Pxij Pyij

Pij

Pyij Pzij

F F
p L R

N N 2
Rij Lij

ij

 pxijN pyijN  pzijN     
  .   

    )4 (
)6(   :

)4(  
( )
( )

n
rz wij wij wij

Pzij n
rz wij wij wij

K z y a P L
N

K z y a P R

2- Linear theory Kalkr
3- Johnson Method

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
30

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             3 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.30.4
https://mme.modares.ac.ir/article-15-6962-fa.html


    

       

  

312  139415 5  

)5(  

tan cos

tan cos

Pzij P wij wij

Pyij

Pzij P wij wij

N P L
N

P RN

)6(  

tan sin

tan sin

Pzij P wij wij

Pxij

Pzij P wij wij

N P L
N

P RN

 rzK      a 
      .  

      
          .
 ) 7(  :  

)7(  

41 1tanh 10
2 2

n

tij ry wij wijF K y y

41 1tanh 10
2 2

n

ry wij wijK y y  

 ryK               .
 n   )4( )7 (          

 .    n  1  3      .  
1n         3n     

    .  

3 - 
3-1-       

    
    ( 

1     
       

   .
     
           

     )8(   :

)8-  1 2, , ,q q sxqm x F q c t t

)8-  
2

1 2, , ,q q q se
y

Vm y m g Fsyq q c t t
R

 

)8-  
2

1 2, , ,se
q q q

y

Vm z m g Fszq q c t t
R

 

)8-  1 2, , ,q z q szqI M q c t t  
)8-  1 2, , ,q z q sx qI M q c t t  
)8-  1 2, , ,qz q syqI M q c t t  

 c 1t  2t  q    
  .

      s    
        .

3-2-   
  

  )9( :  

)9-  n n
w wij Lxij Rxij Lxij Rxij sxwijm x F F N N F

)9-  

2
n n

w wij w se Lyij Ryij
y

Lyij Ryij sywij tij

Vm y m g F F
R

N N F F

)9-  

2
se

w wij w Lzij Rzij
y

Lzij Rzij szwij

Vm z m g F F
R

N N F

 

)9-  

0

wy wij n n
wz wij Rxij Ryij Ryij Rxij

n n
Lxij Lyij Lyij Lxij

Rxij Ryij Lxij Lyij

n n
Lzij Rzij szwij

I V
I R F R F

r

R F R F

R N R N

M M M

 

)9-  

.

0

wy wij
y n

wx wij Ryij Rzij Rzij Ryij

n
Lyij Lzij Lzij Lyij

Ryij Rzij Lyij Lzij

Rzij Ryij Lzij Lyij

Lxij Rxij sxwij

VI V
R

I R F R F
r

R F R F

R N R N

R N R N

M M M

 

   w         pxijRpyijR 
 pzijR        .

    
    
      

)10 -  * *
Lxij Lxij Lyij wijF F F

)10 -  * *
Lyij Lxij wij LyijF F F  

)10 -  
*

Lzij Lyij L wij
F F  

)10 -  *

Lxij Lzij L wij wij
M M  

)10 -  *
Lzij LzijM M  

)10 -  * *
Rxij Rxij Ryij wijF F F  

)10 -  * *
Ryij Rxij wij RyijF F F

)10 -  *

Rzij Ryij R wij
F F  

)10 -  *

Rxij Rzij R wij wij
M M  

)10 -  *
Rzij RzijM M  

              
        ]19[:  

)11 -  n
pxij ij PxijF F

)11 -  n
pyij ij PyijF F

)11 -  n
pzij ij PzijM M

  
)12( :

)12 -  Rxij wijR a

)12 -  Ryij R wijR a r  

)12 -  Rzij wij RR a r  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
30

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             4 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.30.4
https://mme.modares.ac.ir/article-15-6962-fa.html


    

      

139415 5  313  

)12 -  Lxij wijR a

)12 -  Lyij L wijR a r

)12 -  Lzij wij LR a r

4 - 
 

  
  

 ) 8)  (9(  
 ) 13( :  

)13(  x t F x t

 )13( x t 76  F x t   
  76   .  

  
)45 (     

45ode  0001/0 
   .  

5 - 
5-1-       

  
  .    

 .  
312  

)  
11wy (

3 .((

   
 

)
11wy(  )

11wy ( 312 
 ) 4(    

    
    

3 .  (
  

   
    

  5/317 
 .    

 )  
 

5 .  (
6 (

 .  

  

  
3 

312 

4 )
11wy(   

 
11wy) (312 

  
5 

5/317   

  . 
 320  

)7( 8 (   . )7( 

 .
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
30

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             5 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.30.4
https://mme.modares.ac.ir/article-15-6962-fa.html


    

       

  

314  139415 5  

6 )
11wy(   

 
11wy) (5/317   

  
7 

320 

  
8 )

11wy(   
 

11wy) (320   

5-2-   
                

   . 312  
9 (     

     
        

   
    ]20[    56/23 

22/23 .  
5/317    

    ) 10(   .    
   ]20 [  

22/22 333/19   
    .  320 

 )  11 (  
20[    333/21 11/19 .  

5-3-   
            

) )13((    )  )14((    
  ) (         
              
   .          )12( 
               

       .  
  

  
9  )312 

  
10  )5/317   

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
30

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             6 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.30.4
https://mme.modares.ac.ir/article-15-6962-fa.html


    

      

139415 5  315  

  
11 ) 320 

  
12   

   )312   

  
13   

   )5/317   

6 -    
            
    .     38     

           .  

  
14   

   )320   

            
.           

          .    
          .   

          
 .             

  .  
      . 

  
           

             
       

           
          .  

7 - 
a     

1 3,c cb b     

2 4,c cb b           

1 3,t tb b    

2 4,t tb b            
, ,px py pzC C C        
, ,sx sy szC C C        

, ,Lxij Lyij LzijF F F        
     

* *,Lxij LyijF F      
     

, ,Rxij Ryij RzijF F F        
     

* *,Rxij RyijF F      
     

, ,sxc sxti sxwijF F F 
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
30

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             7 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.30.4
https://mme.modares.ac.ir/article-15-6962-fa.html


    

       

  

316  139415 5  

, ,syc syti sywijF F F 
  

, ,szc szti szwijF F F 
  

tijF      

11 12 22 33, , ,f f f f       /
  h :  

  

0h       

Gh      
, ,cx cy czI I I    

, ,tx ty tzI I I  
  

, ,wx wy wzI I I   
  

, ,px py pzK K K       
, ,sx sy szK K K         

,ry rzK K       

cL 
  

1 2,t tL L    
,MLxij LzijM          

   
*
LzijM         

  
,MRxij RzijM          

   
*
RzijM         

  
, ,sxc sxti sxwijM M M 

  
, ,syc syti sywijM M M 

  
, ,c t wm m m        

, ,Lxij Lyij LzijN N N         
   

, ,Rxij Ryij RzijN N N         
   

n  
, ,Lxij Lyij LzijR R R        
, ,Rxij Ryij RzijR R R      

  

yR    

0r    
,L Rr r    

V   
, , , , ,c c c c c cx y z  

  
, , , , ,t t t t t tx y z  

  

, , , , ,w w w w w wx y z  
  

   

ij     

ij    

L ij    

R ij    

    

,L R      

   
   

se  

8 -   
8 -1 -  

  

8-1 -1-   

1 2

1 2

2 2

2 2
sxc sx c t sx c t

sx c t sx c t

F K x x K x x

C x x C x x

1 1

0 0 1 2

0 0 1 2

0 0 2

0 0 2

2 2

2 2

2 2

2

2

syc sy c t sy c t

sy G c t sy c t

sy G c t sy c t

sy G c t

sy G c t

F K y y C y y

K h h h h K y y

C h h h h C y y

K h h h h

C h h h h

1 2

1 2

2 2

2 2
szc sz c t sz c t

sz c t sz c t

F K z z K z z

C z z C z z

0 1 1

0 0 1

0 0 1

2 2

0 0 2

0 0 2

2
3 1 2

2
4 1

2 2

2

2

2 2

2

2

2 2

2 2

sxc G sy c t sy c t

sy G c t

sy G c t

sy c t sy c t

sy G c t

sy G c t

c sy c t sy c t

c sy c t sy c

M h h h K y y C y y

K h h h h

C h h h h

K y y C y y

K h h h h

C h h h h

b K K

b C C 2t

2
1 1

2
2 2

0 0 0 1

0 0 1

0 0 2

0 0 2

2 4 2

4 2 2

[ 2

2

2

2 ]

syc c sz c t sz c c c sz c t

sz c c c sz c t c sz c t

c G sx G c t

sx G c t

sx G c t

sx G c t

M L K z z K L L C z z

C L L K z z L C z z

L h h h K h h h h

C h h h h

K h h h h

C h h h h

2
1 1 2

2
2 1 2

2
1 1

2
2 2

0 0 1

0 0 1

2 2

2 2 2

[ 2 4 2

4 2 2

2

2

szc c sx c t sx c t

c sx c t sx c t

c sy c t sy c c c sy c t

sy c c c sz c t c sy c t

sy c G c t

sy c G c t

M b K K

b C C

L K y y K L L C y y

C L L K z z L C y y

K L h h h h

C L h h h h

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
30

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             8 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.30.4
https://mme.modares.ac.ir/article-15-6962-fa.html


    

      

139415 5  317  

0 0 2

0 0 2

2

2 ]

sy c G c t

sy c G c t

K L h h h h

C L h h h h

8-1 -2 -   

1 2

1 1

2 2 2

2 2 2
sxti sx ti c px ti wi px ti wi

sx ti c px ti wi px ti wi

F K x x K x x K x x

C x x C x x C x x

1

2 1 2

2 2

2 1 2 1 2

2 2 2

szti sz c ti sz c ti

i i
sz c c sz c c pz ti wi

pz ti wi pz ti wi pz ti wi

F K z z C z z

K L C L K z z

K z z C z z C z z

 

0 0

0 0 1

1 1 2

1 2

2 2 2 1

2 1 2

2 2

2 4 2

2 2

i
syti sy c ti sy c ti sy c c

i
sy c c sy G c ti

sy G c ti py ti wi

py t ti w wi py G ti py ti wi

py t ti w wi py

F K y y C y y K L

C L K h h h h

C h h h h K y y

k L L C h K y y

k L L C y 2

1 22
ti wi

py t ti w wi

y

C L L
2 2

3 4

0

0 0

2
0 0 3 1

2
2 3

2 2

2 2 2 1

2 1 2

2 { 2

2 } { 2

sxti c sz c ti c sz c ti

i
sy c ti sy c ti sy c c

i
sy c c sy G c ti

sy G c ti t pz ti wi

pz ti wi t pz

M b K b C

h K y y C y y K L

C L K h h h h

C h h h h b K

K b C 1

2 1

1 1

2 1 2

1 2 1

2 2 2

2 } { 2

2 4

2 2

2 2

2 2 4

ti wi

pz ti wi G py ti wi

py t ti w wi py G ti

py ti wi py t ti w wi

py ti wi py t ti w wi

py ti wi py t ti w wi py G

C h K y y

k L L K h

K y y k L L

C y y C L L

C y y C L L C h }ti

0 0 0

0 0

1 2

[ 2

2

4 4 {2 4

2 4 2 2 }]

syti sx G c ti

sx G c ti

G px G ti px G ti G px pz G ti

pz ti wi pz G ti px pz ti wi

M h K h h h h

C h h h h

h K h C h L K K L

C z z C L K C z z

 

2 2
1 2

2 2
1 1 2 1

2 2
1 2 2 2

1 1 1 1

2 1 2

2 1

2 2

2 2

2 2

{ 2 2

2 2 }

{ 2 2

szti c sx c ti c sx c ti

t px ti wi t px ti wi

t px ti wi t px ti wi

t py ti wi py t ti w wi

py ti wi py t ti w wi

t py ti wi

M b K b C

b K b C

b K b C

L K y y k L L

K y y k L L

L C y y C 1 1

2 1 22 2 }
py t ti w wi

py ti wi py t ti w wi

L L

C y y C L L

8-1 -3-   
2 2sxwij pz wij ti sx wij tiF K x x C x x  

1 2

2 2 2 2

2( 1) 2( 1) 2

2

sywij py wij py wij py ti py ti

j j
py t ti py t ti py G ti

py G ti

F K y C y K y C y

K L C L K h

C h

2 2 2 2szwij pz wij pz wij pz ti pz tiF K z C z K z C z  
2 2 2 2
1 2 1 12 2 2 2szwij t px wij t px wij t px ti t px tiM b K b C b K b C

2 2 2 2
1 2 1 12 2 2 2sxwij t pz wij t pz wij t pz ti t pz tiM b K b C b K b C

8 -2 -   

)-1 (    

) -1(   
    

       
kg  

, ,c t

w

m m
m
34000 3000

1400
 

  
2kgm  

/ ,
, /
cx

cy cz

I
I I

3

3

75 06 10
2 086 10

  

  
2kgm  

,
,

tx

tx tx

I
I I

2260
2710 3160

  

   
2kgm  

,
,

wx

wx wx

I
I I

915
140 915

  

       
/kN m  

,px py

pz

K K

K

10000 5000

750

       
/kN m  

,sx sy

sz

K K

K

150 150

400
  

      
/kNs m  

,px py

pz

C C

C

12 12

15
  

      
 /kNs m  

,sx sy

sz

C C

C

200 30

80
  

   /kN m  
,

/
rz

ry

K
K

6

6

62 10
16 17 10

  

m  yR 2500  

rad  /se 0 0873  
  /0 2  

2kgm  /g 9 81  
  /0 05  

 m  /0 00923  
   N  /f 6

11 10 2 10  
   /N  /f 12 3 120  

  N  f 22 16  
  N  f 6

33 15 10  
   m  /a 0 7465  

m  /or 0 4575  
  m  , /c cb b1 2 1 21  

         
 m  2 4

1 21, /c cb b  

   
 m  

, /t tb b
31 0 978  

          
 m  

, /t tb b
2 4

0 978  

  m, /t tL L
1 2

1 2  
   

m  cL 9  

   
 m  /h 1 4  

     
m  

/h0 0 03  

    
m  

/Gh 0 44  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
30

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             9 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.30.4
https://mme.modares.ac.ir/article-15-6962-fa.html


    

       

  

318  139415 5  

9- 
[1] W. A. H., "The hunting stability of railway vehicle wheelsets and bogies

having profiled," ructures Vol. 1, No 1965, PP 319- 341, 1965. 
[2] M. Ahmadian and S. Yang, "Effect of system nonlinearities on locomotive

bogie hunting stability," Vehicle System Dynamics, vol. 29, pp 365-384,
1998.

[3] H. Yabuno, Okamoto T. and Aoshima, N, "Effect of lateral stiffness on
nonlinear characteristics of hunting motion of railway wheelset,"
Meccano, Vole. 37, PP 555-568, 2002.

[4] Y. Nath and K. Jayadev, "Influence of yaw stiffness on the nonlinear
dynamics of railway wheelset," Communications in Nonlinear Science and
Numerical Simulation, vol. 10, pp 179-190, 2005

[5] V. K. a. D. Garg, R.V, "Dynamic of railway vehicle system," Canada:
Academic Press 1984

[6] S.-Y. Lee and Y.-C. Cheng, "Influences of the vertical and the roll motions
of frames on the hunting stability of trucks moving on curved tracks,"
Journal of sound and vibration vol. 294, pp 441-453, 2006

[7] Y.-T. Fan and W.-F. Wu, "Stability analysis and derailment evaluation of
rail vehicles," International journal of heavy vehicle systems vol. 13, pp
194-211, 2006

[8] S.-Y. Lee and Y.-C. Cheng, "A new dynamic model of high-speed railway
vehicle moving on curved tracks," Journal of Vibration and Acoustics vol.
130, p 011009, 2008

[9] J. Zeng and P. Wu, "Study on the wheel/rail interaction and derailment
safety," Wear vol. 265, pp 1452-1459, 2008

[10] Y.-C. Cheng, S.-Y. Lee, and H.-H. Chen, "Modeling and nonlinear hunting
stability analysis of high-speed railway vehicle moving on curved
tracks," Journal of Sound and Vibration vol. 324, pp 139-160, 2009

[11] K. Zboinski and M. Dusza, "Self-exciting vibrations and Hopf's
bifurcation in non-linear stability analysis of rail vehicles in curved
track," European Journal of Mechanics-A/Solids vol. 29, pp 190-203,
2010.

[12] W. Zhai and K. Wang, "Lateral Hunting Stability of Railway Vehicles
Running on Elastic Track Structures," Journal of Computational and
Nonlinear Dynamics vol. 5, p 041009, 2010. 

[13] P. Kim and J. Seok, "Bifurcation analysis on the hunting behavior of
dual-bogie railway vehicle using the method of multiple scales," Journal
of Sound and Vibration vol. 329, pp 4017-4039, 2010

[14] P. Kim, J. Jung, and J. Seok, "A parametric dynamic study on hunting
stability of full dual-bogie railway vehicle," International Journal of
Precision Engineering and Manufacturing vol. 12, pp 505-519, 2011

[15] W. Wang and G.-x. Li, "Development of high-speed railway vehicle
derailment simulation–Part I: new wheel/rail contact method using
the vehicle/rail coupled model," Engineering Failure Analysis vol. 24, pp
77-92, 2012

[16] W. Wang and G.-x. Li, "Development of high-speed railway vehicle
derailment simulation–Part II: Exploring the derailment mechanism,"
Engineering Failure Analysis vol. 24, pp 93-111, 2012

[17] H.-Y. Choi, D.-H. Lee, and J. Lee, "Optimization of railway wheel profile
to minimize flange wear and surface fatigue," Wear vol. 300, pp 225-
233, 2013

[18] S. Iwnicki, Handbook of railway vehicle dynamics CRC press, 2006
[19] R. V. Dukkipati, Vehicle dynamics CRC Press, 2000. 
[20] X. Gao, Y. Li, and Q. Gao, "Lateral bifurcation behavior of four-axle

railway passenger car," Journal of Applied Mechanics vol. 77, p 061001,
2010.

  
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

5.
30

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.5.30.4
https://mme.modares.ac.ir/article-15-6962-fa.html
http://www.tcpdf.org

