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MATHEMATICAL MODELING OF VISCOUS FRICTION DAMPER DEVICES  

ON THE BASIS OF THE BENCH TESTING RESULTS 
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Abstract. The article presents the results of work of JSC “IrkutskNIIhimmash” in the field of developing viscous friction damp-

ers. They provide the industrial safety of equipment used under the intensive dynamic impact. The possibility of ensuring industrial safety 

of dynamically loaded equipment based on the use of discrete damping bonds of viscous or dry friction is noted. The principal design of a 

viscous friction damping device of membrane type developed and introduced into commercial operation, which has a high sensitivity to 

vibrations of small amplitudes, as well as the possibility of varying the damping properties in a wide range is shown. The approaches to 

interpretation of work of the real viscous friction damping devices based on the results of bench testing with the help of generalized 

Maxwell and Kelvin–Voigt models are considered in the article. In particular, the possibility of identification of the required parameters 

of damping mathematical model on the basis of the methods of structures optimal design is shown. Besides, it is noted that it is possible 
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to use the sum of squares of the difference between the experimentally measured damping force and the damping force calculated in 

accordance with the accepted mathematical model as a minimized target function. The article presents the developed application-

dependent software that solves the problem of damping models parameters identification for different combinations of generalized Max-

well and Kelvin–Voigt models if the general amount of chains is less than 10. At that the method of direct net scanning followed by re-

duction of search area is accepted as the basic algorithm for search of the optimum.  

Keywords: divided rigid body, elastic element, friction, force of gravity, multibody mechanical systems, contact condition, con-

tact interaction, unilateral constraints, static reaction, dynamic reaction, contact forces. 

 

 
   -

   ,   
   -

,      -
    -
. ,  , -

     -
  ,    

   -

 ,  , -
 ,   

 . .      -
 ,  -

  ,    
      

   . -
     -

      -
    -
   ,  ,  

      , 
,    . .  

  ,  
    
  ( )  

   -
    -

, , ,  
 (   , -
    ), -

  (    -
, ,  )  . .   

,     -
    -
    ( , 
  ,  -

,      . .), 
      

     -
   . 

 ,    
    -

     -
.     -

   , -
   -

.   ,    
    ,  -

  , -  

      
.   -

    -
     

      
    

    -
      [1]. 

    
   
 

     
 « »    

   -
 ,    -

     
    , 

    -
  ( ), , ,  

    .  
   -

     -
 ,  , -

     -
 [2-4]. ,      

[5, 6],    -
    -

  ,  ,   
 , ,    

      
      

      -
     . 
, ,    

    -
     

     
      

 2-2,5  [7]. 
 ,    -

    -
  ,    -

  -  , 
    



ех и  

   .  .  № 2 (54) 2017 23

 .  .  № 

 ,    -
  .     -

   « »  
 ,     -

     
 .   

   -
 ,    -

 ,    -
 ,    , 

    -
 . 

      
     

    -
      -

     
  .  -

     -
  [8, 9]. ,   -

      
      

(  )   (  )  
.    

    -
      

 .   
    -

    ,   
   

   . 
    -

    , 
   ( . 1).  

 
. 1.     

  : 
1 – ; 2 –  ; 3 – ; 4 – -

 ; 5 – ; 6 –  ; 7 – -
  ; 8 –  ; 9 – -

 ; 10 – ; 11 – ; 12 – ;  
13 –  ; 14 –   

 

    
      

   ,   
 ,  .  

    
 ,   

 ,       
 ,    –  -

 . 
 , -

        -  
,   -

     -
    [10 -13]. -

    -
    -

 ,     – -
     -

   [6]. , , -
   [3, 4]     

   ( -
)    -
 ,   -

  ( . 2).  
   ,  

   -
     

  .  
     

:  
    

),...,,( 21 mxxxX , 

    

)(min XW , 

 ),...,,( 21 mxxxX  –    
,     -
  ( ,   

,      
 ( . 2),    

    
2121 ,,, cckk ); 

)(XW  –   , -
     -

    -
 )(tfexp    , -

     
),X( tf : 

min,))(X,)(( 2

0
e   tftfW exp

t

xp  

 t  –   . 
 

 

 



 Ы    Щ  

  24  .  .  № 2 (54) 2017 

 .  .  № 

 

 

К у

р е ь

ее
те

 
) 

 
) 

. 2.    
  [2, 3]: )    ;  

)     
  

 

    
     

  « »  -
   Stand, 

   -

    .   
    

     [16]  

(№ 2016662397 «    -
  »).  

    
    -

     -
  -    ( . 3)  -
    10.   

    -
      

  [17, 18]. 

    
     

  « »  -
   Stand, 

   -
    . 

    -
      

 [16] (№2016662397 «   -
   »). 

    
     
    -

  -    ( . 
3)      10.  -

     
     
   [17, 18]. 

 

    -
    

    « -
»     -

    
       

    -
  .  , -

     -
        

     -
,    
    
      -
.    -

     -
     

,   -
    

    -
     .  

 

 



ех и  

   .  .  № 2 (54) 2017 25

 .  .  № 

 
) 

 
) 

. 3.          -
   : )    ;  

)      

 

  

 

1. -00220227-044-2016.  -
  . -

  . 
. 01.09.2016.  : -
, 2016. 52 . 

2. Barutzki. F. Extending the Service Life of Piping 

Systems Through the Application of Viscous Fluid 

Dampers. GERB Vibrations Control Systems, Inc., 

2002. 

3. V.V. Kostarev, D.J.Pavlov. Application of CKTI 

Damper for Protecting Piping Systems, Equipment 

and Structures Against Dynamic and Seismic Re-

sponse. SMIRT 11 Transactions, Vol. K, Tokyo, 

Japan, 1991, p.p. 505–510. 

4.  4192-001-20503039-03.  -
  .  . . : 
 , 2003. 45 . 

5.  . .   -
    -

  //  .  : 
-  , № 4. 2004 . 178. 

6.  . .,  . .  
    

     -
  -  

 // V .   
 ISTF-2005 : . . . 3.  

: -  , 2005. . 65–70.  

7. . 2343313 . .  
 / . .   . ;   -

  . 
№2007111091/06 ; . 26.03.2007; . 
10.01.2009, . № 1. 7 c. 

8.  . .,  . .   
   -  -
   // 

, , , 
    

  ,  
  :  IX .- . 

. , 2011. .124–126. 

9.  . .   -
    -

     



 Ы    Щ  

  26  .  .  № 2 (54) 2017 

 .  .  № 

  // . . 
. 2016. № 3 (31). . 81–84. 

10. Lewandowski R., Chorążyczewski B. Identifica-

tion of the parameters of the Kelvin–Voigt and the 

Maxwell fractional models, used to modeling of 

viscoelastic dampers // Computers & structures. 

2010. Vol. 88 (1). P. 1–17. 

11. Park S. V. Analitical modeling of viscoelastic 

dampers for structural and vibration control // In-

ternational Journal of Solids and Structures. 2001. 

Vol. 38 (44–45). P. 8065–8092. 

12. Study on Piecewise Linear Model of Anti - yaw 

Damper and Test Analysis/D. Yang [et 

al.]//International Industrial Informatics and Com-

puter Engineering Conference (IIICEC 2015). 

2015. P.1179–1184. 

13.   -
     -

    / 

. .   . // International Journal for 

Computational Civil and Structural Engineering. 

2015. . 11., № 3. .82–85. 

14.  . .  . .  
 COMPASS.   
 : . . . - , 2000. 120 . 

15.   COMPASS   -
     -

 / . .   . //  -
. . . - . 1998. № 3. . 128–134. 

16.     -
  (Stand) :  

№ 016662397 .  / . . , 
. .  ;    

 . № 2016619756 ; -
. 16.09.2016; . 09.11.2016. 1 c. 

17.  . .  . .  
 . . : , 1981. 288 . 

18.  . .,  . .,  . . 
 . . : , 1979. 352 . 

 

 
К 62-25  В  , 

. . .,   «   »,   

 , Ч , 
. 8 (914) 492-5894, e-mail: Linetzev@mail.ru 

 В  А , 
. . .,   « -  », 

   , Ч , 
. 8 (924) 472-8846, e-mail: ilinykh.viktor5@mail.ru 

       
-3     

V. Yu. Lineycev, V. A. Il'inyh 

WEAR ACCOUNTING IN SIMULATION MODELING OF ASSEMBLY 

OF PG-3 PROFILE CONICAL COMPOUNDS 
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Abstract. The article presents a mathematical model of the wear of the contacting surfaces and on its basis the influence of the 

wear of the shaft surface during assembling PG-3 profile conical compounds of machine parts. A total of 30 assembling realizations of 

PG-3 profile conical compound with due regard for consistent wear when the coordinates of the original rough surface of the shaft will 

be affected by the wear from implementation to implementation. Conducting consecutive simulation calculations of the conical com-

pound assembly changes the final parameters of the formed conical details. It is shown that during the simulation of sequential wear 

stages of burnishing compound and its normal operation as the position of the shaft in the bushing hole (changing the position of the 

center of mass of the shaft and deflection angles of the shaft axes in the coordinate system of the hole), and the parameters of the contact-

ing surfaces (the number of contact points, magnitude of tightness and gaps, the relative contact area and contact pressure) are well 


