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5-axis milling operations are widely spread in contemporary machinery, especially while 
processing the turbine blades or other free form surfaces. As the vibrations inevitably 
arise during milling process they can considerably impair the machined surface quality. 
Therefore it is necessary to select appropriate milling parameters applying the developed 
numerical models of 5-axis milling dynamics.  А new algorithm is considered in thе pa-
per. It takes into account the dynamic characteristics variation while stock removal and 
is embedded into the whole numerical model. The analysis of stock removal influence on 
eigen frequencies and eigen modes of free-formed work piece vibrations is also consid-
ered in the paper. 

Keywords: 5-axis milling, milling dynamics, finite element method, stock removal, stock 
eigen frequencies. 

REFERENCES 

[1] Voronov S.A., Kiselev I.A., Arshinov S.V. Vestnik MGTU im. N.E. Baumana. 
Ser. Mashinostroenie — Herald of Bauman Moscow State Technical Universi-
ty, ser. “Engineering”, 2012, no. 6, pp. 50–69. 

[2] Kiselev I.A. Vestnik MGTU im. N.E. Baumana. Ser. Mashinostroenie — Her-
ald of Bauman Moscow State Technical University, ser. “Engineering”, 2012, 
no.  6, pp. 158–175. 

[3] Voronov S.A., Kiselev I.A. Vestnik MGTU im. N.E. Baumana. Ser. Mashi-
nostroenie — Herald of Bauman Moscow State Technical University, ser. 
“Engineering”, 2012, no.  6,   pp. 70–83. 

[4] Altintas Y., Montgomery D., Budak E. Journal of Engineering for Industry, 
1992, vol. 114, no. 2, pp.137–145. 

[5] Budak E., Altintas Y. International Journal of Machine Tools and Manufac-
ture, 1995, vol. 35, no. 3, pp. 459–476. 

[6] Tsai J.S., Liao C.L. Journal of Materials Processing Technology, 1999, vol. 94, 
pp. 235–246. 

[7] Ratchev S. et al. International Journal of Machine Tools and Manufacture, 
2004, vol. 44. pp. 1629–1641. 

[8] Bravo U. et al. International Journal of Machine Tools and Manufacture, 
2005, vol. 45, pp. 1669–1680. 

[9] Thevenot V.  et al.  Machining Science and Technology, 2006, vol. 10, no. 3, 
pp. 275–287.  

[10] Arnaud L. et al. International Journal of Advanced Manufacturing Technolo-
gy, 2011, vol. 54, pp. 479–488. 

[11] Paris H., Peigne G., Mayer R. International Journal of Machine Tools and 
Manufacture, 2004, vol. 44, pp. 1567–1576. 

[12] Weinert K. et al. Production Engineering – Research and Development, 2008, 
vol. 2, pp. 255–260. 

[13] Kersting P., Biermann D. Machining Science and Technology, 2009, vol. 13, 
no. 2, pp. 196–209. 



[14] Biermann D., Kersting P., Surmann T. CIRP Annals. ManufacturingTechnolo-
gy, 2010, vol. 59, pp. 125–128. 

[15] Zenkevich O. Metod konechnykh elementov v tekhnike [The method of finite 
elements in technology]. Moscow, MIR Publ., 1975, 541 p. 

[16] Bathe K-J. Finite element procedures. New Jersey: Prentice Hall, 1996, 1037 p.  
[17] Voronov, S.A., Nikolaev S.M., Kiselev I.A. Raschetno-eksperimental'naia 

metodika indentifikatsii parametrov modeli mekhanicheskoi sistemy s 
pomoshch'iu modal'nogo analiza [The experiment-calculated methods identify-
ing the parameters of the mechanical system model by means of the modal 
analysis].   Problemy mekhaniki sovremennykh mashin: sb. st. 5-i  mezhdu-
narodnoi NTK [Problems of modern machines mechanics: coll. of art. 5th in-
ternational sci. conf.]. Ulan-Ude, ESSUTM, 2012, pp. 96–100. 

[18] Eremenko S.Iu. Metody konechnykh elementov v mekhanike deformiruemykh 
tel [Methods of finite elements in mechanics of a deformed body]. Khar'kov 
«Osnova» Publ., Khar'kov State University, 1991, 273 p. 

 
Voronov S.A. (b. 1953) graduated from Bauman Moscow Higher Technical School in 

1976. Dr. Sci., professor of the Applied Mechanics Department, director of the Scientific Re-
search Institute for Production Automation of Bauman Moscow State Technical University. 
Author of more than 50 publications in the field of solid body mechanics, cutting process 
dynamics, simulation of complex dynamic processes. e-mail:  voronovsa@yahoo.com 

 
Kiselev I.A. (b. 1988) graduated from  Bauman Moscow State Technical University 

in 2010. Ph.D., assistant lecturer of the Applied Mechanics Department at Bauman 
MSTU. Author of 17 publications. His scientific interests include problems of numerical 
modeling in the fields of mechanics, development of parallel computing software, meth-
ods of optimal designing. e-mail: i.a.kiselev@yandex.ru 



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut left edge by 76.54 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     795
     412
     None
     Right
     14.1732
     0.0000
            
                
         Both
         401
         AllDoc
         842
              

       CurrentAVDoc
          

     Smaller
     76.5354
     Left
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     1
     16
     15
     16
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut right edge by 76.54 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     795
     412
     None
     Right
     14.1732
     0.0000
            
                
         Both
         401
         AllDoc
         842
              

       CurrentAVDoc
          

     Smaller
     76.5354
     Right
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     1
     16
     15
     16
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut top edge by 96.38 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     795
     412
     None
     Right
     14.1732
     0.0000
            
                
         Both
         401
         AllDoc
         842
              

       CurrentAVDoc
          

     Smaller
     96.3780
     Top
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     1
     16
     15
     16
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut bottom edge by 96.38 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     795
     412
     None
     Right
     14.1732
     0.0000
            
                
         Both
         401
         AllDoc
         842
              

       CurrentAVDoc
          

     Smaller
     96.3780
     Bottom
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     1
     16
     15
     16
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut left edge by 19.84 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     795
     412
     None
     Right
     14.1732
     0.0000
            
                
         Both
         401
         AllDoc
         842
              

       CurrentAVDoc
          

     Smaller
     19.8425
     Left
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     1
     16
     15
     16
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut right edge by 19.84 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     795
     412
     None
     Right
     14.1732
     0.0000
            
                
         Both
         401
         AllDoc
         842
              

       CurrentAVDoc
          

     Smaller
     19.8425
     Right
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     1
     16
     15
     16
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: extend top edge by 19.84 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     795
     412
     None
     Right
     14.1732
     0.0000
            
                
         Both
         401
         AllDoc
         842
              

       CurrentAVDoc
          

     Bigger
     19.8425
     Top
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     1
     16
     15
     16
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: extend bottom edge by 19.84 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     795
     412
    
     None
     Right
     14.1732
     0.0000
            
                
         Both
         401
         AllDoc
         842
              

       CurrentAVDoc
          

     Bigger
     19.8425
     Bottom
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     1
     16
     15
     16
      

   1
  

 HistoryList_V1
 qi2base



