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PAPER 

  

In this work technological process of production of the case of the coupling 

of overtaking with use of machines with CNC in the conditions of a mass 

production is designed. 

In technological part office purpose of the case was analysed, the analysis 

of technological effectiveness and technical requirements, a choice of a way of 

receiving preparation, calculation and a choice of allowances for machining, 

calculation and a choice of the modes of cutting, rationing of technological 

processing of the case is made, the necessary quantity of processing equipment is 

defined 

In design part the special tightening adaptation for installation of 

preparation on operation of a slotting of an internal gear wreath was designed. The 

special control adaptation for control of coaxiality of a landing opening of 335 of 

rather landing opening of 200 is designed. 

In economic part calculation of expediency of introduction of machines 

with CNC in production was made. Calculation of cost of FBA, payroll calculation 

of workers and calculation of cost of production of the case for the designed and 

basic options is carried out. 

In graphic part works were performed the drawing of the case combined with 

preparation, cards of technological processing of the case by the designed and 

basic options, drawings of tightening and control adaptations. Economic indicators 

are taken out. 
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1  я  

1.1 А   я 

 

    .  
     .     

 .   
    45  1050-91 (  1.1, 1.2).   

    , 

  ,     , 

   .      
    [3, 11]. 

 

 1.1 –    45, % 

 
 Si Mn Cu S Ni 

0,42-0,5 0,17-0,37 0,5-0,8 <0,25 <0,04 <0,25 

 

   45 

 

1     –   = 600 ;           
2   –   = 363 ;           
3   –  = 16 %; 

4     = 193 / 2
. 

 

 1.2 –    45 

 
 

, / 3
 

 
 

t , º  

 
 
 

α·106
, 1/º  

 
 

 t  20  
200 ,  

- 

  
λ, /( ·º ) 

7,82·103 
1400-1500 11,2 115 770 

 

 

 

 

 

 

 

 

 

 

 



1.2  А   
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. 

  ,       
   .  

      
 . 

        
   . 

       
    [11] 

      

1    

 

75,086,0
2,1

03,1


m

m
К                                                                        (1.1) 

 

 m  -   ,  
m  -  . 

     

2   

 

5,097,0
68

66


К
К

К                                                                          (1.2) 

 

 k   -   ,  
k  -   . 

 

3    . 
 

5,082,0
11

9


К
К

К                                                                             (1.3) 

 

 k  -   ,  
k  -   . 
 

         



4  . 
 

5,01
68

68
 on

N

NК                                                                            (1.4) 

 

 N  -   ,   
N  -    . 

 

1.3 А    

 

      45  1050-91.  

       
         

.        –  
      
  .    

      ,   
    .  

       
      . 

   Ra6,3  Ra3,2,   
.   Ra2,5  8 ,   
.   Ra1,6  7 ,   
. 

        
 H  179…229. 
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    (  1.1)   
. 

 

 
 

 1.1  –   



10  

     3     4.  
1   8 . 
2   10 . 
3   12 . 
4   7 . 
5   9 . 
6   13 . 

 -  16 20,   –  
  18880-93 15 6,   18879-93 15 6  
  18882-93 15 6,  –  . 

 

20 . 
     9     8. 

1   6 . 
2   4 . 
3   1 . 
4   1 . 
5   1 . 
6   5 . 
7   3 . 
8   3 . 
9   2 . 
10   16 . 
11   11 . 
12   17 . 

 -  16 20,   –  
  18880-93 15 6,   18879-93 15 6, 

  18882-93 15 6   , 
 –  . 

 

30  

     3     4.  
1   15 . 
2   8 . 
3   12 . 
4   9 . 
5   9 . 
6   14 . 

 -  16 20,   –  
  18880-93 15 6,   18879-93 15 6  

 ,  –  . 
 



40  

     9     8. 
1   . 
2   . 

 -  7 55,  –   
,  –  . 

 

50  

      11   1. 
1  4  18 10,75

+0,11
  . 

2  2  19 7
+0,09

  . 
3  4  18  1 45. 
4  2  19  1 45. 
5   4  18  12 1,25-7  . 
6   2  19  8-7  . 

 -  2 55,  – , 
 ,  –    10902-97,  

 12489-91,   3266-91. 
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 70%       
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  .      



    ,     
    . 

 

        

 

010 -  

        3    
 4. 

1   8 . 
2   10 . 
3   12 . 
4   7 . 
5   9 . 
6   13 . 

       9  
   8. 

7   6 . 
8   4 . 
9   1 . 
10   1 . 
11   1 . 
12   5 . 
13   3 . 
14   3 . 
15   2 . 
16   16 . 
17   11 . 
18   17 . 

        3    
 4. 

19   15 . 
20   8 . 
21   12 . 
22   9 . 
23   9 . 
24  4  18 10,75

+0,11
  . 

25  2  19 7
+0,09

  . 
26  4  18  1 45. 
27  2  19  1 45. 
28   4  18  12 1,25-7  . 
29   2  19  8-7  . 

       -508; 

 –    18880-93 15 6,   
18882-93 15 6,   18879-93 15 6   



,    10902-97,   12489-91, 

  3266-91;  –   

. 

 

20  

    . 9,  . 18     8. 
1   . 
2   . 

 -  7 55,  –   
,  –  . 

 

1.6      
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1000
)()

1000
( c

i S
qQkkkkkQS                                             (1.5) 

 

 Ci –   1  ,  – 68000 ;  
 – ,    ,  =1,05 

 – ,    , =1,13 

      ,   

   .   2   , II  
,  1,2    45, 3   . 

 = 0,87;   = 1,29;   = 1,2 

Q = 1,2  –   

q = 1,03  –      
S  = 5500  

S 46,1295500
1000

03,12,1
2,113,129,187,005,12,1

1000

68000
1 






 







    



  i = 68000  

 = 1;   = 1,13;  = 0,77;   = 1,29;   = 1,2; 

Q = 1,25 ;  q = 1,03 ; S  = 5500  

S 28,1135500
1000

03,125,1
2,113,129,177,0125,1

1000

68000
2 
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     16,18 ,  

   – 3236 . 

 

1.7        
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   )    .       

 
1     70-0,03. 

      R  = 1,6   
     .  

      , 
   . 
       

     [6] 

 

)(22 22
111min iiii

TRzZ   
                                              (1.6) 

 

 Rz – , ; T –   , ;  - 

     
, ;  -     , . 

    0,25…2,5  Rz = 150   T = 200 

.     Rz = 50 ;  = 50 . 
 ,  20   25 . 

                   
 .  

 



       
        

 . 
 

22
кd

                                                                                 (1.7) 

 

    ,     
. 

 
22 )()( ld ккк                                                                  (1.8) 

 

     Δ  = 1,5 .  
 d = 70 ,  l = 6 .  ρ  = 106 . 

     
       

 . 
 

2

2

2

1

22















                                                                    (1.9) 

 

          
35    1000 . 

к707
2

1000

2

1000
22














  

,   d =714  . 

   ρ      
,     – 0,06;   – 0,04. 

          
 1 = 320  [6]. 

      ,     
 2 = 70 . 

       –  

 3 = 0 . 

        
      . . 

        
    . 

      
     ,   – 

  ,   . 



      
      , 

  –     
. 

     1.3. 

 

2 . 
  490,25.  

     – ,   . 
      

   Д6] 

 

iii
T

i
RzZ  

111min
                                                         (1.10) 

 

 Rz  T  . 
      

         
 

 =   =  ·D                                                                                         (1.11) 

 

              Δ  = 1,5 .   
 D =51 .  

 ρ = 77 . 
        

       ε  = 

120 . 
      . 

     1.4. 

 







    . 
 

 1.5 –   

 
 

 

   
 

 

 ,  -

 -  
  

 
 

  
 

 

-  -  

1, 10 – 

 
530,3 1   

2   

1   

0,5 (1,5) 

0,1 

0,05 

1 (1,5) 

0,35 

0,15 

56
+1,6 

53,5
+1,2 

53,15
+0,74 

3 – -

  
51-0,05 1   

2   

 1,2·2 

0,3·2 
54

+1,6 

51,6
+0,2 

5 – -

  
62-0,4 1    1,5·2 65

+1,6 

6, 8 –  9,5-0,36 1   

2   

 1 (1,5) 

0,5 

12,5
+1,0 

10
+0,7 

7 – -

  
120-0,87 1    1,5·2 123

+2,0 

9 – -

  
70-0,03 1   

2   

3   

1,13·2 

0,18·2 

0,075·2 

1,2·2 

0,22·2 

0,08·2 

73
+1,6 

70,6
+0,3 

70,16
+0,074 

11 – -

  
30

+0,14
 1    1,5·2 27-1,0

 

 

 

1.8   я  

 

      ,  
  ,    ,    

,    . 
       . 

 

1  70-0,03. 

     – , , . 
  . 

    1.3  t = 1,2 . 
       

  ,     . .  
       .   

 

  12 [14] S = 0,5 / . 



        
 

Vyxm
V K

StT

C
V 


                                                                            (1.12) 

 

   v      
 17 Д14Ж v = 350;  = 0,15;  = 0,35; m = 0,2; 

v -      , 
   ,        

 

v = v · v · v                                                                                (1.13) 

 

 v - ,   -  
  ,   1Д14Ж      = 600 

   

  25,1
600

750
1

750
1


















Vn

МV КК
                                                         (1.14) 

 

v - ,    , 
  5 Д14Ж    - v = 0,8;   v = 1. 

v - ,   ,   6 
[14Ж      15 6 - v = 1; 

v = 1,250,81 = 1 

 –   ,   
  = 60 . 

V /1471
5,02,160

350
35,015,02,0




  

     

 

D

V
n /670

7014,3

14710001000 




                                                (1.15) 

 

   630 / . 
    

 

nD
V /125

1000

6307014,3

1000









                                             (1.16) 

 

     

 

p
nyx

pz
KVStCP 10                                                            (1.17) 



         22Д14] 

=300;  = 1;  = 0,75; n = -0,15. 

 –  ,    
.              

 

 =  · φ  · γ  · λ  · r                                                                 (1.18) 

 

  –     , 
  45   9  [14] 

 

85,0
750

600

750

75,0
















n

МК


                                                                (1.19) 

 

φ  –      ,   = 30 φ = 1,08; 

γ  –    ,   = 0 γ  = 1,1; 

 λ  –      ,  = 0  

λ  = 1; 

r  –     ,  r = 1   
r  = 0,93. 

 = 0,85· 1,08· 1,1· 1· 0,93 = 0,94. 

    
z = 10·300·1,21·0,5

0,75·125
-0,15·0,94 = 940  

 

     

 

.2
601020

125940

601020
кВ

V
z

P

e
N 








                                                          (1.20) 

 

     10 ,  
 – 11 . 

 

  . 

   . 1.3  t = 0,22 . 
        

      
   .  

  14 [14]  Ra = 2,5   r = 1 ,  S=0,25 / . 
 

     . 

  (1.12)  

V /21325,1
25,022,060

350
35,015,02,0




  



  (1.15) 

n /970
7014,3

2131000 

  

   800 / . 
   (1.16) 

V /160
1000

8007014,3   

  (1.19) 

z=10·300·0,22
1·0,25

0,75·160
-0,15·0,94 = 100  

  (1.20) 

.3,0
601020

160100 кВ
e

N 



  

 

 . 

    1.3  t = 0,08 . 
      19 [14]  Ra = 1,6 ,  

S=0,1 / . 
       V = 250 / . 

  (1.15) 

n /1137
7014,3

2501000 

  

  –  1000 / . 
   (1.16) 

V /200
1000

10007014,3   

   (1.19) 

z = 10·300·0,081·0,1
0,75·200

-0,15·0,94 = 18  

   (1.20) 

.06,0
601020

20018 кВ
e

N 



  

 

2  . 

     – ,   .  

 . 
    1.4  t = 1 . 

       
  ,     . .  

       .  
  12 [14]  S = 0,6 / .  

    (1.12)  

V /1531
6,0160

350
35,015,02,0




  



  (1.15) 

n /952
5114,3

1531000 

  

 – 800 / . 
   (1.16) 

V /125
1000

8005114,3   

  (1.19) 

z = 10·300·11·0,6
0,75·125

-0,15·0,94 = 900  

  (1.20) 

.8,1
601020

125900 кВ
e

N 



  

     10 , -

  – 14 . 
 

 . 
    1.4. t = 0,35 . 

        
      

   .  
  14  Ra = 2,5   r = 1 ,  S=0,25 / . 

  (1.12)  

V /18525,1
25,035,060

350
35,015,02,0




  

  (1.15) 

n /1155
5114,3

1851000 

  

 – 1000 / . 
   (1.16) 

V /160
1000

10005114,3   

  (1.19) 

z = 10·300·0,35
1·0,25

0,75·160
-0,15·0,94 = 160  

  (1.20) 

.4,0
601020

160160 кВ
e

N 



  

 

  . 
   . 1.4. t = 0,15 . 

     .19  Ra = 1,6 ,  S=0,1 / . 

       V = 250 / . 
 

 



  (1.15) 

 n /1561
5114,3

2501000 

  

 – 1250 / . 
   (1.16) 

V /200
1000

12505114,3   

  (1.19) 

z = 10·300·0,15
1·0,1

0,75·200
-0,15·0,94 = 33 . 

  (1.20) 

.1,0
601020

20033 кВ
e

N 



  

 

        
[12]      1.6.  

 

 1.6 –   

 
  t,  S, /  V, /  n, /  Pz,H Ne,  

 
 

 

1,2 0,5 125 630 940 2 

 
 

 

0,22 0,25 160      800 100 0,3 

 
 

 

0,08 0,1 200      1000 18 0,06 

  
 

1 0,6 125 800 900 1,8 

  
 

0,35 0,25 160 1000 160 0,4 

  
 

0,15 0,1 200 1250 33 0,1 

 
 

1,5 0,4 63 630 860 0,9 

 2,5 0,1 /  3 - 2730 3,8 

 
.10,75 

5,375 0,32 12,5 315 1890 0,4 

  
12 

0,625 1,25 6,3 160 152 0,02 

 .7 3,5 0,2 8 400 1780 0,2 

  
8 

0,5 1 5 200 146 0,01 

 



1.9     

 

       
 Д13] 

 

 = t  + t  + t  + t  + t                                                                   (1.21) 

 

 Э  -  ( ) ,   
    ; Э  -  

,   ,    
 ; Э , t  - , ,   

   ; Э  -     
 . 

      
          

    

 = t  + t                                                                                              (1.22) 

 

t , t   Э   ,     . 
  ,      

 . 
       -  

  ,   ,      
     . 

 

       
. 

   6   

1   8 . 
       

 

nS

L
t
o 
                                                                                                (1.23) 

 

 L –  ,      
   . 

 L = L  + L1 + L2 -  ,    
  L0,   L1    L2;  

S - ; Ч -   . 
    L  = (123-73)/2 = 25 . 

    5 ,  , . . L = 30 . 
  

 



S = 0,6 / ; Ч = 800 /  (    ). 

to 07,0
8006,0

30



  

2   10 . 

     . 
  L  = (73-56)/2 = 8,5 . L = 18,5  

S = 0,6 / ; Ч = 800 /  

to 04,0
8006,0

5,18



  

3   12 . 
     . 

  L  = (44-27)/2 = 8,5 . L = 13,5  

S = 0,6 / ; Ч = 800 / . 

to 03,0
8006,0

5,13



  

4   7 . 

     . 
  L  = 11 . L = 21  

S = 0,5 / ; Ч = 630 /  

to 07,0
6305,0

21



  

5   9 . 

     . 
  L  = 4 . L = 9  

S = 0,5 / ; Ч = 630 /  

to 03,0
6305,0

9



  

6   13 . 

     . 
  L  = 25 . L = 30  

S = 0,4 / ; Ч = 630 /  

to 12,0
6304,0

30



  

     
t  = 0,07+0,04+0,03+0,07+0,03+0,12 = 0,36   

 

        
 , ,      . 

   Д13]: 

1         0,67 ;  
2     0,81 ; 
3     1,35 .  



     

t  =0,67+0,81+1,35= 2,83 . 
 

              
 = 0,36+2,83 = 3,19  . 

 

     Д13] 

t  = 3% T  = 0,03·3,19 = 0,1 ; 
 t  = 1,5%  = 0,015·3,19 = 0,05 ;                                             (1.24) 

 t  = 6%  = 0,06·3,19 = 0,19 . 
  

    

 = 3,19+0,1+0,05+0,19 = 3,53 . 
 

      -

   
 

шкш
n


..                                                                                    (1.25) 

 

 -       
  . . = 28 , n –      – 200 

. 

кш 62,353,309,053,3
300

28
  

 

        
     1.7, 1.8. 

 



 1.7 –      

 
 to t   t  t  t   /  

10  

1     
2    
3.     
4   

5   

6   

 

0,07 

0,04 

0,03 

0,07 

0,03 

0,12 

2,83 3,19 0,1 0,05 0,19 3,53 3,62 

20  

1    

2    

3    

4    

5    

6   

7   

8   

9   

10   

11  

 

12   

 

0,08 

0,03 

0,04 

0,08 

0,15 

0,04 

0,12 

0,19 

0,03 

0,03 

0,21 

 

0,03 

4,46 5,49 0,17 0,09 0,33 6,08 6,17 

30   
1   

2    

3    

4   

5   

 

0,03 

0,12 

0,06 

0,05 

0,08 

2,78 3,12 0,1 0,05 0,19 3,6 3,69 

40  

1   
 

2   
 

 

1,41 

 

2,27 

 

1,58 5,26 0,19 0,09 0,36 5,9 6,03 

50  

1  4 . 10,75 

2  2 . 7 

3  4 . 
4  2 . 
5  12 1,25-7  

6  8-7   

 

0,84 

 0,52 

0,08 

0,04 

0,44 

0,22 

4,82 6,96 0,22 0,11 0,44 7,73 7,84 

 



 1.8 –          

 
 to t   t  t  t   /  

10    

1     
2    
3.     
4   

5   

6    

7    

8    

9    

10   
 

11    

12   

13   

14   

15   

16   

17  

 

18   

19   

20   
 

21   
 

22   

23   

24  4 . 
10,75 

25  2 . 7 

26  4 . 
27  2 . 
28  12-7  

29  8-7  

 

0,07 

0,04 

0,03 

0,07 

0,03 

0,12 

0,08 

0,03 

0,04 

0,08 

 

0,15 

0,04 

0,12 

0,19 

0,03 

0,03 

0,21 

 

0,03 

0,03 

0,12 

 

0,06 

 

0,05 

0,08 

0,84 

 

 0,52 

0,08 

0,04 

0,44 

0,22 

 

2,94 

 

6,81 

 

0,07 

 

0,04 

 

0,15 

 

7,07 

 

7,24 

20  

1   
 

2   
 

 

1,41 

 

2,27 

 

1,58 5,26 0,19 0,09 0,36 5,9 6,03 

 



1.10  В  я 

 

  ,     
   

  10  30 –   16 20  -  = 7,31 ; 

  20 –   16 20  -  = 6,17 ; 

  40 –   7 55  -  = 6,03 ; 
  50 –   2 55  -  = 7,84 ; 

 

       

 

F

Nш
N

0065,0
604029

20084,7

60

max. 






                           (1.26)

 

 

 .max –   , , 
N –    , 200 , 
F  –      , 

4029 . 
 

       

F

Nш
N

006,0
604029

20024,7

60

max. 




  

 

       , 
    (  1.9) [15]. 

 

 -   TAKISAWA   

(  1.2)          
.      -  (  

   )    
  . 

    TAKISAWA  
     , 15-   

 , USB- .    
      , 

      
,    C- ,    

,     , 
     . 



 1.9 –      
 

     508 

   max   – 300  

Ma    
, /  

4000 

  2-6 

,  

 

 

11 

7,5 

    VDI40 

-   12 

  ,  0,5 

 ,  ±0,005 

   0,8  

  Fanuc 18i-T 

-    2 

 ,  1024 

  LCD 15” 

    2D  

   , 30º 
     

  3,4 1,85 

 
 

 
 

 1.2  –    TAKISAWA EX-508 

 

 



2  я  

2.1   я 

 

     
   ,     

     . 
 

  

2.1.1        
 

 

    ,   
     .  

 – ,      
 .  
      

    –   . 

,        
.  

 
2.1.2      

 

       
 11.       

,     1.   
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