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          

                     
.                          .

                    
.                     .

                          .
                        .

                     
     .  

  
  :              

  
1    

              
     1926  .   

           
   (Winkler)      

            
          .

   (Hryniewicz, 1980)  
           

         . 
         
 .        

(Hryniewicz, 1981; Oien, 1971)     
           

      .    
         . 

 1979 " "        

           
           
.          

    .      
            

      .     
          

Patil (1987)   Hosking et al.(2004)  
 .         

         
         Cai et 

al.(1994)  Zakeri and Xia (2008)  . 
          

          
  :       

         

* ـ نويسنده مسئول
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        ñ  
  ( )      .

         
          

          .   
          

            
  .   
  
2       

                   
   1  3    .    

                 
       .         

           .      
           

         .
    .            

              
     .          

            
             . 

          
              
              

    .     22  
 .           

         5/1     

  30          .    
                

   .   

  
 1.         

  
 2.         

   

 
 3.               
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    M      EI 
         

.          
    :  
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               

    :  
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           

2           K̂  
        M̂     

    .          
               

 2    .     
          1    

      2    .  
              

            
            

 .             
  K         K      

    m      m  
     .      

              
          .  

              
 Kij     .       

             

              
  .          
             

          .   
          

            
22×22      .       

 1    .   
  
3     

               
                

     .         
                 

           
            

   .            
         ωn    . 

   :  
  

  )3(        det ([k]- ω2
n [ m])=0                    

              n 
  ω2

n      .    n   
  ωn    . n          

 ωn     .        
           .   

  
4        
41       

                5/1   
             

         .    
          

           . 
        4         

            
 .    
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 4.           

  
 1.           

(  )       
)cm(  ω4  ω3  ω2  ω1  

412  378  364  346  50  
409  377  362  346  55  
406  377  360  346  60  
404  376  357  346  65  
376  354  346  345  70  

          

42      
                   

           .   
             
              .   

              
            
      .  

                     
 5.          

                                            
  

 2 .            
(  )    

K1 
ω4  ω3  ω2  ω1  
376  346  346  329  50000000  
376  348  346  344  100000000  
377  354  346  345  150000000  
406  377  358  346  200000000  
407  377  360  346  250000000  

320

340

360

380

400

420

440

50 55 60 65 70

(r
ad

/s
ec

)  


ط
س 


ر

 
(cm)راور  
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43    
          6       

         
  .            
  .           

     .      
         

  .   

  
 3.         

(  )    
K2 

ω4  ω3  ω2  ω1  
404  374  351  346  60000000  
405  377  354  346  70000000  
405  379  357  346  80000000  
406  380  359  346  90000000  
406  381  360  346  100000000  

  

  
 6.          

  
44    

                    
 .         7       

         
   .           

           
     .      

         .   
  
  

  

    7.                                                
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 4.        

(  )    
K3 

ω4  ω3  ω2  ω1  
366  365  350  346  100000000  
379  378  351  346  110000000  
392  382  352  346  120000000  
405  385  354  346  130000000  
417  389  362  346  140000000  
429  400  370  346  150000000  
439  411  376  346  160000000  

                       
45    

                
               8 

  .          
               

          .     
         

           
         .     

  
  8 .          

  
 5 .         

(  )    ) kg(  
ω4  ω3  ω2  ω1  
429  428  427  426  150  
419  418  408  407  180  
414  390  387  386  200  
405  377  354  346  250  
395  364  345  315  300  
383  352  336  292  350  

  
46    

                 
            
           

           
    .         

            
      .   
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 6.          
(  )    ) kg(  

ω4  ω3  ω2  ω1  
426  395  365  346  600  
385  360  347  346  800  
353  346  345  330  1000  
327  326  307  303  1200  
306  305  287  286  1400  

  

  
 9.                          

                                                                                   

47    
                  

               
   .              
               

 .                
 EI               

            
  .        EI    
  .              

  EI      .   

  

  
 10.           
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 7.           
(  )    ) kg(  EI  

ω4  ω3  ω2  ω1  
393  377  353  346  3/46  3254800  
377  354  346  345  9/50  4152960  
377  354  346  345  34/60  6293300  

  

5                                                              

          
         

           
          

   .             
             

 .        .  
                    

          
       .      

            
    .          

          
     .   

  
6     
──   ) .1388 ("      

"       . 

──   . )1383 ("    "  
       . 

──    .  ) . 1385 ("  
 "  .    

──  S.P.Patil .(1984) "Natural Frequencies of a 

Railroad Track";A.M.ASME; Association of 

American Railroads ; Transportation Test Center.  

──  R.j.Hosking , Saiful Azmi Husain , F.milinazzo. 

(2004) "Natural flexural vibrations of a 

continuous beam on discrete elastic supports"; 

Journal of Sound and Vibration; Vol. 272. 

──  Z. Cai, G. P. Raymond , R. J. Bathurst (1994) 

"Natural vibration analysis of rail track as a 

system of elastically coupled beam structures on 

Winkler foundation";Computers & Structures; 

Vol. 53, No. 6. 

──  L. Baeza, J. Fayos, A. Roda, R. Insa (2008) 

"High frequency railway vehicle-track dynamics 

through flexible rotating wheel sets";Vehicle 

System Dynamics; Vol. 46.  

──  Zakeri J.A, Xia H. (2008) "Sensitivity analysis of 

track parameters on train-track dynamic 

interaction" ; Iran , China; Journal of Mechanical 

Science and Technology; Vol.22.  

──  R. Alam (2012) "Analysis at a three – 

Dimensional Railway vehicle – track system and 

development at a smart wheel set" Ph. D Thesis , 

Concordia university, Canada 
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