
    № 2 (20), 2020 
 

TECHNICAL SCIENCES AND TECHNOLOGIES 

89 

 621.9.04 

DOI: 10.25140/2411-5363-2020-2(20)-89-99 

 ,  ,   

      
   

  .         -
  .          -

 є     . 
 .      ,    -

      є    ,     -
.            -
 є        . 

    .        -
 ,       -  .    

,           
     ,      . 

    .    ,    -
  є   ,   .   

  ,      є      
   .  є        

  ,   . 
  є           

     ,  ,      -
         . 

  .         -
,  ,    ,    .    -

          .    , 
             -

.      . 
   .         -

  ,  , , .     -
             -

    . 
 :  ;  ;  , . 

.: 8. .: 3. .: 22. 

  .     -
         ( . 1), 

     [19].       -
          

        
         -

      .   -
         -
  є          

. 

    
    

. 1.     :  
 –    ;  –   ;  

 –   ;  – є     

  . .,  . .,  . ., 2020 



№ 2 (20), 2020     
  

TECHNICAL SCIENCES AND TECHNOLOGIES 

 90 

 .      , 
         є   -

 ,     .   -
          -

є       . 
    .   , -

          
   ,     [2-4; 6].    

        ,  є 
 є   [8-14].      -

   є       
    . 

    .    
 є   ,       

.      ,    -
  [3; 6]    [2].     

 ,  є     , 
        -
 . 

  є       -
           -
,  ,       -

        .  
  .      -

       : 
1)       (  

    ); 
2)       (  
    ,      

); 
3)      ,  -
  є     ,       ( -

          
   ).  

      
 .  

   ( . 2).  
 є  . , -

   , є -
     .  

 є    є   
     -
  , ,  ,  

є 20  [7].  ’    
 ,   .   
        

’  ,    -
,   ,    

.  

. 2.     



    № 2 (20), 2020 
 

TECHNICAL SCIENCES AND TECHNOLOGIES 

91 

       є Ra 
2,0  [15].    ,   ,   

   30 ,        -
      [3]. 

         
    .  

: 
-           -

   ; 
-     ; 
-     ,  є    

; 
-      . 

   ( . 3).   -
є      є   -
       -

    . 
      

 ,    .  
1.  .   

      
   -

.   є  .  -
   ( ) є -
   ,  є  

 ,  є -
     -   . -
       є , , 

  . 
      .  
: 

-    ,   є  -
  ,  є ; 

-     ; 
-         -

,   є    . 
2.    .        є   -

є ,  є   .     є -
   .  

:  ,  , ,  -
,      . 

Є    є     ( ),  
     . 

  є      є . 
    « », ( . )     

           
.         5   -

 Ra 0,25 . 

. 3.      



№ 2 (20), 2020     
  

TECHNICAL SCIENCES AND TECHNOLOGIES 

 92 

   ( . 4).  
   -

,   є   
( )    , 

 є    
,      -

.   є  
    ,  є 

    -
   .    

     
.  

 :   -
    . 

        -
   .  

  ,     ,  є  ,   -
    .     -

        -
  ( ,  ).     

      Ra 0,2  [7].   [3] -
,     , -
  ,      

40 .   ,   є 
. 

   ( . 5).  
      -

є   .  
є       

,      
.    є  

 ,     
,    є   

  .  
: 

-     ,  
є   ; 

-    ,  
є    ; 

-       є    , 
 є . 

: 
- є    ; 
-        ; 
-          

   ; 
-  . 

      ,    -
  ,   ,    -

       25 %,     

. 4.     

. 5.    
 



    № 2 (20), 2020 
 

TECHNICAL SCIENCES AND TECHNOLOGIES 

93 

 є   Ra 1,0 .        
       є   5     

    [1].    [22]  Ra , -
  ,     0,4…1,2 ,   -

    50 . 
 ,  ,      

 ,   ,     є  
   є    ,  -

,  .   є      
       є ,  -

 ,   ,   .   
         -

.           
 .         -

.     ,   -
,         -

 .             
   .      -

    ,  .   
     є  ,  є   -

    .   ,      
       є     

є     . 
         -

    ,    . 6. 

 

. 6.        
  

         -
        .    -

     є  .   , 
    ,    [5], є  

’є ,   ,       . 



№ 2 (20), 2020     
  

TECHNICAL SCIENCES AND TECHNOLOGIES 

 94 

 є          -
 ,       TaeguTec [16-

18].         ,  
       ,   

 ,  Ra 2,0   IT9.  є     
   ,     : = √ ∙ ∙  ,                                                            (1) 

   –      , ; 
S – , /  (  )  /  (  ); 
r –    , . 

         -
     « »   16  ( . 7).  

    2 .       . 1. 

  
  

. 7.   )   ) « » 

 1 

   

  
 -

 

 -
 

 
 

  

V, /  S, / ( ) t,  

  

 

TDA 4.00-2.00 10 40-350 0,20-0,43 0,0-2,0 

  
  

VCGT  

110304 FL 
10 40-350 0,05-0,25 0,5-3,0 

  
 

 

RYHX  

0803-AL 
K10 40-350 0,8-0,1 1,0-3,5 

      : = ,                                                                   (2) 

    – ’є  . 
      : = з − = .  ,                                            (3) 

         . 2. 
 



    № 2 (20), 2020 
 

TECHNICAL SCIENCES AND TECHNOLOGIES 

95 

 2 

     

№ 
/  

  
     

V, /  S, / ( ) n, -1 ,  , 3/  

1   100 0,02 637* 0.157 49002 

2   100 0,36 2274-637** 0.216 35617 

3   100 0,11 2274-637** 0.716 10745 

4 
  

 100 0,5 650*** 0,245**** 31401 

*       50 ; 
**       є      ; 
***    ,    [5]; 
****         2. 

     є   -
       ,   . 

    є   є    -
  ( . 3). 

 3 

    

 

  

  
 

  
  

 

  
 

      

      

 
 

  
,  -

є  
 

  
 

  

 -
,  є 

 

 

є   
 

0,5 1 0 0,5 

    є   є  , 
          . ,  -
    ,   є   

,  .  -   -
 є  ,        -

  5 %     [20; 21]. 
 ,      

  ,       ,  
є   ,      . 8. -

          
 100 %.      0  1,  1 –  .  

,  ,  є    ,     
 .  



№ 2 (20), 2020     
  

TECHNICAL SCIENCES AND TECHNOLOGIES 

 96 

 

. 8.          
   . 

1.        -
    ,  ,   . -
          -
         . 

2.        -
  .  

3.         -
           

   .     -
    ,        -
 « »  . 

   
1.  . .,  . .     -
  . . 2001. № 4 (4). . 10–12.  

2.  . .      -
     : . … . . : 05.02.08 /  

  . , 2002. 179 . 
3.  . .      -
  : . … . . : 05.03.01 / -   

 . - , 2001. 208 . 
4.  . .       

     : . . … . . : 
05.02.07 /    . , 2018. 27 . 



    № 2 (20), 2020 
 

TECHNICAL SCIENCES AND TECHNOLOGIES 

97 

5.  . .       
 .    . 2007. № 8. 

. 53–58. 
6.  . .,  . .,  . .,  . .   -

   .    . 
2006. № 12. . 42–45. 

7.  . .,  . .,  . .,  . .  -
 :  2 . . 1. 5-  ., .  : -1, 2003. 912 . 

8.  RU 2405666 1,  24  11/00, 24  5/16.    
  / . . , . . , . . , . . , . . -

.  № 2009115406/02  22.04.2009; . 10.12.2010, . № 34. 6 . 
9.  RU 2393047 2,  22  9/00.     

   / . . , . . .  № 2008135944/02  08.09.2008; 
. 27.06.2010, . № 18. 8 . 

10.  RU 2184013 2,  23  5/40.    -
 / . . .  № 2000113864/02  01.06.2000; . 27.06.2002. 7 . 

11.  RU 182576 U1,  23  5/40.      
 / . . . .  № 2016148140  07.12.2016; . 23.08.2018, 

. № 24. 6 . 
12.  RU 2210485 1,  24  39/00.     -

   / . . .  № 2002100575/02  
08.01.2002; . 20.08.2003. 6 . 

13.  RU 2286535 1,  G01  25/00, B23P 15/00.    -
  / . . , . . , . . , . . , . . .  

№ 2005107600/02  10.03.2005; . 27.10.2006, . № 30. 12 . 
14.  RU 2087763 1,  F16C 23/04, F16C 33/14.   -
     / . . , . . , . . . -
 № 94009119/28  17.03.1994; . 20.08.1997. 5 . 
15.  . .,  . .  .  : , 1975. 309 . 
16.  . URL: http://taegutec.com.ua/wp-content/uploads/2020/04/A-tokarnaya-

obrabotka.pdf. 
17.    . URL: http://taegutec.com.ua/wp-content/uploads/2020/04/B-

otrezka-i-obrabotka-kanavok.pdf. 
18.  . URL: http://taegutec.com.ua/wp-content/uploads/2020/04/E-

frezernyj-instrument.pdf. 
19.  . .,  . ., є  . .,  . .   -
      .    -

 . 2020. № 2. . 143–149. 
20.  . .,  . .,  . .     -

   : .  : , 2017. 452 . 
21.  . .,  . .,  . .    -

 : .  : , 2017. 476 . 
22.  . .,  . .,  . .   -

     .   -
 . 2018. № 3. . 54–60. 

References 
1. Korotkikh, M. T., Kriazhev, D. Iu. (2001). Povyshenie effektivnosti obrabotki sfericheskikh 

poverkhnostei obkatochnym frezerovaniem [Improving the efficiency of processing spherical surfaces 
by rolling milling]. Metalloobrabotka. – Metalworking, 4(4), 10-12 [in Russian]. 

2. Zherebiatev, D. N. (2002). Povyshenie effektivnosti razmernoi obrabotki sfericheskikh 
poverkhnostei detalei mashin tekhnologicheskimi metodami [Improving the efficiency of dimensional 
processing of spherical surfaces of machine parts by technological methods]. (PhD thesis). Omsk State 
Technical University. Omsk [in Russian]. 

3. Kriazhev, D. Iu. (2001). Povyshenie effektivnosti obrabotki pretcizionnykh sfericheskikh 

poverkhnostei frezerovaniem [Improving the processing efficiency of precision spherical surfaces by 

milling]. (PhD thesis). St. Petersburg State Technical University. St. Petersburg [in Russian]. 



№ 2 (20), 2020     
  

TECHNICAL SCIENCES AND TECHNOLOGIES 

 98 

4. Khmelnitckii, R. S. (2018). Tekhnologiia skorostnoi obrabotki nepolnykh sfericheskikh 
poverkhnostei detalei mashin vrashchaiushchimsia lezviinym instrumentom [Technology for high-speed 
processing of incomplete spherical surfaces of machine parts with a rotating blade tool]. (PhD thesis). 
Belarusian National Technical University. Minsk [in Russian]. 

5. Khmelnitckii, R. S. (2007). Issledovanie protcessa obrabotki sfericheskikh poverkhnostei sposobom 
okhvatyvaiushchego frezerovaniia [Investigation of the processing of spherical surfaces by the method of 
covering milling]. Vestnik Polotckogo gosudarstvennogo universiteta. – Bulletin of Polotsk State 
University, 8, 53–58 [in Russian]. 

6. Popok, N. N., Terentev, V. A., Khmelnitckii, R. S., Sidikevich, A. V. (2006). Analiz sposobov 
obrabotki sfericheskikh poverkhnostei detalei [Analysis of methods for processing spherical surfaces 
of parts]. Vestnik Polotckogo gosudarstvennogo universiteta – Bulletin of Polotsk State University, 12, 
42–45 [in Russian]. 

7. Dialskii, A. M., Kosilova, A. G., Meshcheriakov, R. K., Suslov, A. G. (2003). Spravochnik 
tekhnologa-mashinostroitelia [Handbook of a mechanical engineer] (Vol. 1, 5th ed.) Moscow: 
Mashinostroenie-1 [in Russian]. 

8. Platonov, V. V., Epov, A. G., Latysh, L. V., Volkov, M. A., Bychenkova, F. P. (2010). Sposob 
mekhanicheskoi obrabotki sfericheskikh poverkhnostei [The method of machining spherical surfaces]. 

Patent RU 2405666 1 [in Russian]. 
9. Anisimov, V. P., Tcybulaev, A. A. (2010). Sposob izgotovleniia sfericheskoi zagotovki probki 

sharovogo krana [A method of manufacturing a spherical blank cork ball valve]. Patent RU 2393047 
2 [in Russian]. 

10. Sutormin, A. V. (2002). Sposob formoobrazovaniia sfericheskikh poverkhnostei [The method of 
forming spherical surfaces]. Patent RU 2184013 2 [in Russian]. 

11. Akhmedov, A. O. M. (2018). Stanok dlia obrabotki naruzhnoi sfericheskoi poverkhnosti 
[External Spherical Surface Processing Machine]. Patent RU 182576 U1 [in Russian]. 

12. Semeniuk, S. N. (2003). Sposob obrabotki naruzhnykh sfericheskikh poverkhnostei 

mnogosharikovym instrumentom [The method of processing external spherical surfaces with a multi-
ball tool]. Patent RU 2210485 1 [in Russian]. 

13. Landau, B. E., Butcyk, A. Ia., Bediaev, S. N., Buravlev, A. P., Shcherbak, A. G. (2006). Sposob 

izgotovleniia rotora sharovogo giroskopa [A method of manufacturing a rotor of a ball gyroscope]. 
Patent RU 2286535 1 [in Russian]. 

14. Korolev, A. V., Kurbatov, V. P., Dorofeev, V. Iu. (1997). Sharnirnyi podshipnik skolzheniia i 

sposob ego izgotovleniia [Spherical plain bearing and method of its manufacture]. Patent RU 2087763 
1 [in Russian].  

15. Granovskii, G. I., Panchenko, K. P. (1975). Fasonnye reztcy [Shaped Cutters]. Moscow: 
Mashinostroenie [in Russian]. 

16. Tokarnaia obrabotka [Turning]. (n.d.). Retrieved from http://taegutec.com.ua/wp-
content/uploads/2020/04/A-tokarnaya-obrabotka.pdf 

17. Otrezka i obrabotka kanavok [Parting and grooving]. (n.d.). Retrieved from 
http://taegutec.com.ua/wp-content/uploads/2020/04/B-otrezka-i-obrabotka-kanavok.pdf. 

18. Frezernyi instrument [Milling tools]. (n.d.). Retrieved from http://taegutec.com.ua/wp-
content/uploads/2020/04/E-frezernyj-instrument.pdf. 

19. Kreida, R. M., Matsepa, S. M., Hordienko, V. I., Holub, M. V. (2020). Osoblyvosti 
vyhotovlennia rotora dlia poplavkovoho hiroskopa v umovakh vyrobnytstva [Peculiarities of 
manufacture of a rotor for float gyroscope in the production conditions]. Visnyk Cherkaskoho 
derzhavnoho tekhnolohichnoho universytetu – Bulletin of Cherkasy State Technological University, 2, 
143-149 [in Ukrainian]. 

20. Novikov, F. V., Zhovtobriukh, V. A., Novikov, G. V. (2017). Osnovy povysheniia kachestva i 
proizvoditelnosti mekhanicheskoi obrabotki [Fundamentals of improving the quality and productivity of 
machining]. Dnipro: LIRA [in Russian]. 

21. Novikov, F. V., Zhovtobriukh, V. A., Novikov, G. V. (2017). Optimalnye resheniia v 
metalloobrabotke [Optimal metalworking solutions]. Dnipro: LIRA [in Russian]. 

22. Popok, N. N., Khmelnitckii, R. S., Anisimov, V. S. (2018). Tekhnologicheskoye obespecheniye 
obrabotki nepolnykh sfericheskikh poverkhnostey detaley mashin [Technological support for processing 
incomplete spherical surfaces of machine parts]. Vestnik Polotckogo gosudarstvennogo universiteta – 
Bulletin of Polotsk State University, 3, 54–60 [in Russian].  



    № 2 (20), 2020 
 

TECHNICAL SCIENCES AND TECHNOLOGIES 

99 

UDC 621.9.04 

Rostyslav Kreida, Serhii Sapon, Heorhii Kanashevych 

ANALYSIS OF METHODS FOR PROCESSING PARTIAL EXTERIOR  

SPHERICAL SURFACES WITH A BLADE TOOLS 

Urgency of the research. Accuracy requirements for machining of incomplete spherical surfaces with a blade tool are 

constantly growing. Therefore, the search for ways to improve the accuracy of processing incomplete external spherical 

surfaces is an urgent scientific and practical task. 

Target setting. The choice of technological methods to ensure the accuracy of the shape, size and quality of the surface 

layer of parts with spherical surfaces is one of the most important factors affecting their cost. The solution to the problem of 

ensuring the high quality of parts with their minimum cost will allow domestic enterprises to produce competitive products on 

the world market. 

Actual scientific researches and issues analysis. Currently, various methods of processing spherical surfaces with a blade 

tool are known, which are widely described and analyzed in the scientific and technical literature. However, the modern 

development of machine tools, the production of metal-cutting tools and methods of blade processing of surfaces indicate the 

need for further analysis of these methods, determining the advantages and disadvantages of each method. 

Uninvestigated parts of general matters defining. Until recently, it was believed that the processing of precision spherical 

surfaces requires the use of special equipment, tools or devices. However, today the situation has changed dramatically and 

therefore at modern machine-building enterprises such surfaces are processed on CNC lathes. Accordingly, a comprehensive 

comparison of methods for processing spherical surfaces in terms of quality, productivity, versatility is relevant. 

The research objective is a comparative analysis of modern methods of blade processing of incomplete external spherical 

surfaces of machine parts from the standpoint of their quality, shape accuracy, productivity and versatility to formulate 

performance criteria when developing processing technology on CNC machines. 

The statement of basic materials. In the work, methods for processing spherical surfaces with shaped cutters, copying a 

profile, on CNC machines, rounding and round milling are analyzed. For each method, a processing scheme is described with 

a description of the process and the advantages and disadvantages are highlighted. The ultimate roughness of the surface 

processed by each of the methods is established and productivity is compared by the example of an incomplete spherical part 

of a gyroscope. Processing methods for their versatility were systematized. 

Conclusions. A comprehensive comparison of the methods of processing spherical surfaces from the standpoint of their 

quality, accuracy of shape, performance, versatility is carried out. Criteria for choosing the optimal processing method are 

determined. This allows their further use in the development of innovative technological processes for processing parts and in 

production planning. 

Keywords: spherical surface; processing methods; blade processing, mechanical engineering. 

Fig.: 8. Tabl s: 3. References: 22. 
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