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  
  

                    .        
                .        

                            
   .                     

   .                       
           .  

  
  :         

  
1 . 

            
            . 
        

         
   .       

            
       .   

        
      .    

          
      .    

         
          

]1[ .        
          

           
     .   

          

    1  2   
3          

           
     .  

          
         

  .         
           

  .         
         

          
4   5     

 )ICR(6         
    .  

  
2.       

           
          

   .  
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            
     .      

           
 .         

      )    (  
         ]4-2[ .   

           
)1 (        

            
        )2 ( 

 .   
  

  
  

 1.      

             
          

      .    
            

            
         ]9 -5[ .   

           
-    ) 3 .(    

         

       -    
        

  .  

  
 2 .    

  

  
 3 .         

   

         
             .

           
          
          
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  
               .           

     .                     
  .                      

                          
   .              .      

                          .
                            

        .                 
         .              

    .               40       
        .                   .

             .             
                .           

  PSO 1                         
            .  

  
    :          PSO

  
1 .

           
           

            
      .] 21 [  

           
         

  .] 3[       
           

    .      
          

            

          .
           

    . ]4 [      
           

    .      
           .
           

          
          .

          
           

   .]5 [     
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           
     .     

           
         

       .   
       

      .    
        

       .    
           

        . ]6 [
            

         
       .   

           
     .     

            
           

  .     
           

           
           

          . 
        

           
      ]7 .[   

         
  ]8 .[       

            
    ]9 .[    

             
          

    .       
              

          
  .           

          
    ] 10[ .   

         

        
           

            
   .   

  
2 .      

       
2   3      

      )1 .(  
         

     .     
        

      .    
          

           
 .         

       0.0001    
          

.ConstPV =γ     
        PV ,  γ 

          
.  :  

)1(    0
0

=∆+∆

r

r
r

r

V

V

P

P

r

γ  

)2(     0
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    r  m     
      .   

            
       

  .  
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           
        . 

         
       . 
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 8 .         

        
          

           
         

 .
  

3.3 .         
          

          
   .      

            
            

            . 
         

         ]35 -
33[ .          

         
             

          
       )  9(.

            
           

          
    .      

        ] 50-48[.

  
 9 .    ] 34.[  

  1989 28   ]51[     
          

  .        
             

    .      
          

            
 .  

  
3.4 .   )ICR(  

        
          

        .
         

         
    ]48 18[ .     

         .
            

           
]52[ .          

  )DANST (]51[ 29   ]53[  
         

        . 
      1,20  2,40   

     .  
          

   ]54[     
        .  

         
         

   .       



انجمن آکوستیک و ارتعاشات ایراننشریه صوت و ارتعاش، سال اول، شماره 1، بهار 1391

ارتعاشات در سيستم هاي چرخدنده اي، فرشیدیان فر، ثقفی22

        
  .   ICR       

 )DTE(30       
          

 .         
nm rε = +        

  r-    
) .m      n    

  r   .( )10 (     
   )rmsA(     

 1.37,1.77, 2.01ICR =     .   
   ICR       

 .  

  
 10 .        

)1.37,1.77,2.01ICR =(] 54.[  
  

3.5 .     
         

    .       
31 ]55[       

    .    
   ]56[       

  ]57[        
   ]58[    .   

        
 )EHD(32       

     ]59[ .  
         

          

            
         .  

         
        .   

          
       ]65-60[ .  

       33  34 ]64[ 
            

          
 .        
         
         .  

          
          

  35   ]65 [   . 
       

       .   
 36       

       
   .      
         

 . )11 (       
         .  

  
)(  

)(

Arms 

[µm] 

fm/fn 
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)(  

  
)(  

 11 .    :)  (  
  ) (  ) (    

) (   ] 65.[  
  

3.6 .          
         
         ) 

      (  .     
          

           
            
          . 

 1980            
          

]67 66 27 26 23[ .  
           

            
         

           
         

         
     ] 71-68 34 24 13.[  

       37  38 ]68[ 
       –   

           . 
          

            
        .  

          
  )12(  )13 (    .    

          
          

 .  

  
 12 .     ] 13.[  

  
          

         
            

 ] 74-72.[   

  
 13 .     )12 ( 0.78Λ =. a (

  b (  c ( ] 13.[

( )tξ&&

( )tξ&&

( )tξ& Λ
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           
          

           
        .  

          
  )14 (   .  

           
         

   .        
          

   .  

  
 14 .      

4 .   
            

            
         

           .
           

       .  
           

           
          

          
         . 
          

          
    .        

          
            

           
       .   

   
  

1. Time varying mesh stiffness 
2. Backlash 
3. Transmission error 
4. Vibro–impact 
5. tooth profile modification 
6. involute contact ratio 
7. linear time-invariant 
8. Ozguven 
9. linear time-varying 
10. Mathieu 
11. Hill 
12. nonlinear time-invariant 
13. nonlinear time-varying 
14. infinite determinants 
15. Galerkin method 
16. Blankenship 
17. Singh 
18. Lim 
19. rattle
20. Nakamura 
21. Houser 
22. Galhoud 
23. gap 
24. Sub-harmonic 
25. Super-harmonic 
26. Quasi-periodic 
27. Kahraman 
28. Lin 
29. Liou 
30. dynamic transmission error 
31. Martin 
32. elastohydrodynamic 
33. Velex 
34. Cahouet 
35. Vaishya 
36. Floquet 
37. Raghothama 
38. Narayanan 
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             
) 4 (]12-10[ .  

            
            

          . 
            

         
     .     

        .  
         )2 (

    ]13[ .  ( )i tθ ( )j tθ 
       i 

j 2b  g        ( )k t 
      .( )tε    

         
           
  .  

       
( ) ( ) ( )i i j jx t r t r tθ θ= +     

           .  
  
)1(       ( ) ( ( ) ( )) ( )mx cx k t g x t t T tε+ + − =&& &  

)(  

  
)(  

  

  
)(  

 4.       
  

  :  

)2(    
( ) ( ) ( )

( ( ) ( )) 0 ( )
( ) ( ) ( )

x t t b x t b

g x t t x t b

x t t b x t b

ε
ε

ε

− − >
− = ≤
 − + < −

  

2 2/ ( )i j i i j jm I I I r I r= +  ( )T t    
       .    )1 ( 

          
           

     .  
          )LTI(7 

 .            
           

             . 
         )1( ( ) mk t k=  

( ( )) ( )g x t x t=    .    
   8 ]1[    .   

          
           

]145[ .  
          )LTV(9  
( ( )) ( )g x t x t=  .      

          
  .         

         
    .      
      10 ]15[  11 

]16[       .  
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         
         

         
      ]20-17[.  

          
)NTI(12   .        

          
  .   ( ) mk t k=      

( ( ))g x t      .    
            

           . 
         
          

         ]22 21 2 .[   
          

 )NTV(13   .        
         

  ]27-23[.
           

           . 
          

      .  
          

         
         . 3 

            
     .   

  
3.        

          
        .  

         
       3.1  

  .  3.2        
       .  3.3  3.5  

         
 )ICR (        

   .      
  3.6    .  

  

3.1 .        
  

    1960     
           

   ]4[ .        
           

            .
          

   .       
         

    .  
           

     1980    
   .       

         
          

]20-17[.  
           

          
   .     

           
       .    

           
)    (    .  

     14   
 15        .  

          
       . 

           
     .       

      16  
17 ]28[        

          
 . )5(       

            
   3    3   

 .  
         

            
        ]29[.  
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 5 .    3    3 

   

            
     -    -   

  18   ]30[     
         n 

   n-1    .  
           

-          
            

         .  
         

        .
           

      ]32 31[ .   
          

           
   .      

        
             

]5[ .         
             

  .  
  

3.2 .         
           

          
          

  .  

  )6(        
          

     .   ]35-
33[   ]37 36[        .

         
         

             
      .     

             
  .        

            
         

  .  
  

  
 6 .      

  
        19     

        
        )   

 ( .      
            

         .    
               

             
 )  7 .(      

        
         

      ]39 38 33 3.[ 
           

           
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 .          
        .  

           
  .          

           
     .     

         
          ] 40[ .  

       .    
     .  

  

  
 7 .         

  

           
         ]43 -41[ .  

  1962        
          

      ] 44 14.[  
           

             
  .       

          
           

      .     
        

         .
          
    20 ]45[   .  
  1980       
          
   .    21 ]46[   

           
    .22   ]47[  

      23     
          

    .       
           

           
 24  25       .  

           
           

       .  
           

     26      
  ]2[ .  

        27   
]21 [  .       

              
           

      )  8 .(  
           

  .         
        .  
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