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Кv = К v · К v · К v ,                                                                                          (1.16) 
          

   К v - ,   -   
 ,   1 [14]   20    

 =190 / 2;К v = 1; 
     К v- ,    ,  

 5[14]      - К v =0,8;   - К v =1; 
         К v - ,   ,   6 [14] 

     6 - К v = 1; 
         Кv = 1·0,8·1 = 0,8 
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     К  –     ,   

     = 190   9 [14]  К = 1; 
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        [12]  
    1.6.  

 
 1.6 –   
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S, 
/  

V, 
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n, 
/  
 

Pz, 
H 

Ne, 
 

   2 3 125 200 3155 6,5 

  80 2,25 0,5 80 315 1415 2 

  80 0,15 0,25 100 400 80 0,13 

  80 0,1 0,1 125 500 19 0,03 

  20 2,25 0,5 40 630 1415 2 

  20 0,15 0,25 50 800 80 0,13 

  20 0,1 0,1 63 1000 19 0,05 

 .5 2,5 0,16 10 500 2600 0,4 

 .6,25 3,125 0,2 10 500 2720 0,4 

 .8,5 4,25 0,25 12,5 500 2830 0,7 

 .10 5 0,32 12,5 400 2960 0,9 

 .14 7 0,35 16 400 3120 1 

 .16 1 0,5 20 400 560 0,2 

 6 0,5 0,8 20 630 472 0,2 

 25 4,5 1 25 315 647 0,3 

 10,8 0,4 1,6 20 630 356 0,12 

 26 0,5 2 31,5 400 432 0,22 
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1  6 . 10 
2  10,2 
3  5 
4  6 
5  
6  6 1-6  

 
0,78 
0,04 
0,38 
0,02 
0,02 
0,15 

3,48 4,87 0,15 0,08 0,29 5,39 5,61 

30  
1   
2   
3   

 
0,42 
0,72 
0,28 

2,14 3,56 0,11 0,06 0,24 3,97 4,2 

40  
1   
2   
3   
4   
5   
6    

 
0,21 
0,32 
0,64 
0,10 
0,16 
0,32 

4,14 5,89 0,21 0,11 0,35 6,56 6,80 

50  
1  14 
2  16 
3  25 
4  26 
5   
6  3 . 10,5 
7  8,5 
8  10 1,5-6  

 
1,22 
0,24 
0,05 
0,03 
0,02 
0,96 
0,32 
0,17 

3,82 6,83 0,21 0,12 0,41 7,57 7,79 

60  
1  6 . 6,25 
2  8 1,25-6  

 
1,5 
0,48 

2,06 3,04 0,09 0,05 0,17 3,35 3,57 

70  
1  . 8,5 
2  10 1,5-6  

 
0,32 
0,17 

1,72 2,21 0,07 0,04 0,13 2,45 2,67 
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 1.8 –         
 

 
 

to t   t  t  t   -  

10  
     1. 
1    

 
2  6 . 10 
3  10,2 
4  5 
5  6 
6  
7  6 1-6  
      
1   
2   
3   
4   
5   
6   
7    
8  6 .6,25 
9  8 1,25-6  
         180 
1    

 
2   
3   
4   
5   
6   
7    
8  14 
9  16 
10  25 
11  26 
12   
13  3 . 1  
14  8,5 
15  10 1,5-6  
         90 
1   
2  . 8,5 
3  10 1,5-6  

 
0,91 

 
0,78 
0,04 
0,38 
0,02 
0,02 
0,15 

 
0,38  
0,21 
0,32 
0,64 
0,09 
0,13 
0,26 
1,5 
0,48 

 
1,02 

 
0,21 
0,32 
0,64 
0,11 
0,16 
0,32 
1,22 
0,24 
0,05 
0,03 
0,02 
0,96 
0,32 
0,17 

 
0,28 
0,31 
0,17 

0,65 
 
 

0,37 
 
 
 
 

0,14 
 
 
 
 
 

0,48 
 
 
 
 

0,14 
 
 
 
 
 
 
 

0,73 
 
 
 
 
 
 
 
 
 

0,14 
 

0,17 
 

15,68 0,54 0,28 1,12 17,62 19,57 
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2. я  
 

2.1   я 
 

    
 

       
 ,      

    . 
      

     .  
   .    
     .  
   
       

 8 ( . -15.03.05-2019 ),       
   .     

      9  10.   
   3   1,   8  

 7    5,      3 
    .   ,  

     .  
   ,      . 

 
   

 
      ,     
  = f(Q). 
        ,  

 ,    ,    -  
  . 

         ,  
    ,      ,   
   Q`=|Q|. 

       ,    
         (  

2.1). 
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.     
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.         

. .     –   
  

. 25-1 
. .    

. .    



 
 

 
 

 2.1 -     
 
Q` ·L1 + F 1 · L2 -2  · L3 - F 2 · L4 = 0                                                (2.1) 
 

    L1, L2, L3, L4 -   ; 
 
F 1 = Q`·k  -     ; 
 
F 2 = ·k  -     . 
 

  : 
 
Q` · (L1+ k ·L2) = · (L3 + k ·L4)                          (2.2) 
 

        
    Pz = 3155 . 

 
       [9]: 

 
         

43

21·
·

·

LfL

LfL
QP


 ,                   (2.3) 

 
        L1 = 22 ; L2 = 24 ; L3 = 50 ; L4 = 8 ; f = 0,16. 

 
   , : 

 

·
22 0,16·243155 1590
50 0,16·8

P  
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 ,   ,   
        1590 .  

      . 
           

 [7]: 
 

1 3

·

1

1 · · ·
,

· ·
ш

d
tg f tg

DP P
d d

tg f f
D D

 



   
 

   
 

                (2.4) 

 
    1= 10º -  ; 

3 = 30º -     ; 
f = 0,2 -    ; 
d = 3  -   ; 
D = 10  -  . 

    ,  ш  = 1590 . 
         

   [7]: 
 

 
2

· ·
· ,
4ш
D                     (2.5) 

 
   = 6  -   ,    

; 
    D -   ; 
     = 0,95 -    . 
 

    [7]: 
 

4· 41590
18,9 19 .

· · 3,14 6 0,95
шP

D
P 

   
 

             (2.6) 

 
        

     D = 25 . 
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 0,08 . 
     .   

      , 
   ,     

.   ,  , 
         

  [5]: 
 

     Е = -К · [(К 1· ) 2+ 2+ 2+ 2+ 2+[(К 2 ·W) 2] 0,5 ,                                (2.7) 
 

    = 80  –      
   ;  

К = 1,2 - ,     
     ;  

К 1= 0,6 - ,     
      ;  

К 2= 0,7 - ,      
 ,  ,   

;  
W -   ;   
 -     ;  
  -   ,     
 ;  
  -     ;  
  -   ,    

  ;  
 -    .  
 

    1.7   = 23 . 
    = 0, . .    

        
  .  

      
     ,    = 0. 
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           : 

 
  = В2·N,                     (2.8) 
  
 В2 = 0,002 - ,       

  –  ; 
 N -       .     

     ,  N = 100 . 
 

 = 0,002·100 = 0,2  
 

   ,      , 
  = 0. 

   W = 50 . 
 

Е  = 80-1,2· [(0,6·23)2+0,22+(0,7·50)2] 0,5=80-38= 42 к . 
 

  ,      
         

 . 

2.2.    я 

       
   –   

  166-89.     
  868-82. 
     -  – 

  .  
     -  – 

  .  
       

   9378-93   .  
       

     . 
 

    
 

         
 ,       

    0,08 .  
        

    40 . 
      

.  
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       . 
 

   
 

      .  
         1  3  , 

    .    
   6,    4    3, 

      1.  
  ,     

     .     
 4   6   .  

    ,    
 40 .     120 ,    

  3.      40 ,   
   4   . 

   4 . 
 

    
 

  –       
 . 

 ,     ,   
 8-30%    . 

   80 , ,  
    20 . 

         [5]: 
 

2222   ,                                                                                 (2.9) 
 

     ∆ –       ,    
 .  

   ,       
     . 
∆   – ,           

(0,001 );   
∆   – ,          (0,002 );   
∆  –     (0,005 ). 
 

кк 206006,0005,0002,0001,0 222   
 

  ,      
        . 
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3 я  
  
3.1   я  
 

 ,    
:  

  10  30 –   6 82  ш -к = 7,07 ; 
  20  70 –   2 55  ш -к = 8,28 ; 
  40 –   2 615  ш -к = 6,8 ; 
  50  60 –   2 55  ш -к = 11,36 ; 

       [7]: 
 

.max 11,36100 0,0097 ,
60 1946 60

ш
N

N
F

   
 

                                                   (3.1) 

    
    ш .max –   , , 

N –    , 100 , 
F  –      , 1946 . 
 

     1    
    Victor Vcentr- 400 ш -к = 19,57 . 

 
      : 

 

.max 19,57100 0,017 .
60 1946 60

ш
N

N
F

   
 

 

 
 3.2   я 
 

        
.         

 (  3.1). 
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 3.1 –    
 

 
 

-  
-

,  

 
 
 

R  

 

-
 

, 
2 

 
 

,  

 
, 

 

-
 

6 82 

1 7,5 22 2,3 1,95 930000 930000 

-
 

2 55 

2 5,5 21 2,7 1,0 1100000 2200000 

-
 

2 615 

1 4,5 24 4,3 2,6 3072000 3072000 

 4 23 88 21,07  6202000 

 
      

  ,    
 (  3.2). 

 

 3.2 –      
 

 
 

-
 

-
, 
 

 
 
 

R  

 

-
 

, 
2 

 
 

,  

 
, 

 

 
 

 
   Victor 

Vcentr- 400 

1 18,5 41 2,6 5,3 5267000 5267000 

 1 18,5 41 13,78  5267000 
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3.3          

  
 

,  ,    [7]: 
 
S = f  kf   ,                                                                                                                            (3.2)        
 

     f –      ; 
kf = 2,5 - ,    

 , ,     . . 
 

     4     
 21,07 2. 

  
S  = 21,072,5 = 52,68 2 
 

       
5000 .       

 S  =263400 .    
 

       1   13,78 2.  
 
S  = 13,782,5 = 34,45 2 

 

       
5000 .        

  S  = 172250 . 
 
3.4    
 

          
 .      . 

       – 415,77 . 
             

,                  
        . 

             
     [9]: 

 

 di ,                                                                                               (3.3) 
 

     i ––     ; 
m ––     ; 
C di ––            d-    

    i-   ,  ./ . 
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          d-      
    i-         , 

 ,       .   
             

 [5]: 
 
З = ri· k · k · k · k · k · k · ш

di
 ,                                                                     (3.4) 

 
    ri –          , 52,2 ./ ;  

k  –  , 
k , k , k , k , k   –  ,    ,  

             (1,3),   
 (1),     (1,4),  

  (1,095),       (1,3);  
шк

di –       , / .  
 

       
.   1,21.      

 33,5   0,58 ;     – 19,57   0,3262 . 
 
З  = 52,2·1,21·1,3·1·1,4·1,095·1,3 ·0,58 = 94,91  ./ . 
 

       
           

.        4   
 ,     3 ,  

   . ,  , 
  ,  0,0816 .    
  25%.     , 

 15%   . 
 

 З  = 52,2·1,211,25·1,3·1·1,4·1,095·1,3·0,08161,15 = 19,19  ./ .  
 

   (  3.3, 3.4) –    
 ,        

        
. 

      :   ; 
 ;  ;   , 

   .  
    3 %   

      1 % -   
 .     1 %   

 .      0,5 
%       . 
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 ,    ,  [5]:  
 

N

АА N  ,                                                                                               (3.5) 

 

    A   -   , ., 
         N –   , ,  
         N –   , 100 .  

 
 3.3 –       

  
 

 

 
 

-
 

 
 

, . 

 
, 

. 
 

 
, 

% 

 
. 

., 
. 

. . 
 , 

. 

1  52,68
2 

75000 3951000 3 118530 11,50 

2  4 .  6202000 12 744240 72,19 
3    224610 8 17969 1,74 
4    74870 15 11231 1,09 
5    57190 15 8579 0,83 

   10509670  900549 87,35 
 

 3.4 –       
   

 
 

 
-

 
 

 
, . 

 
, 

. 

 
, 

% 
 

 
. 

., 
. 

 
.  
, 

. 

1  34,45
2 

75000 2583750 3 77513 13,18 

2  1 .  5267000 12 632040 107,45 
3    52670 8 4214 0,72 
4    52670 15 7901 1,34 
5    39254 15 5888 1,00 

   7995344  727556 123,69 
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           [5]: 
 
Э = (N·kN· k · ko · kw/)· ш .max· э ,                                                                   (3.6) 
 

     N –   , ; 
kN, k , ko  –          

,  ,         
 (0,7); 

kw – ,             
(1,06); 

η –      (0,7); 
э –       (3,75 · ). 

 
Э  = (23·0,84·0,62·0,7·1,06/0,7) ·0,58·3,75 = 27,61  ./ . 
 
Э  = (18,5·0,52·0,97·0,7·1,06/0,7) ·0,3045·3,75 = 11,29 ./ . 
 

       [5]: 
 

шRW

.

 ,                                                                                          (3.7) 

 
    W  -     -    

 ,       
 – 12500 ; 

 R  –   ;  
 .  –    6   24174 ; 
 ш  –       –   – 

0,1178 ,   – 0,3273 ,   – 0,1133 ,    
 – 0,3262 . 

 
12500 (22 0,1178 42 0,3273 24 0,1133)9,85 /

24174
        

 
12500 410,32626,92 /

24174
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      [7]: 
 

 =З+А .+Э+ P,                                                                                           (3.8) 
 
  З -          , ., 
А  -    ,   

 , .; 
Э -       , ., 
P -    .             
 

     : 
 

 = 94,91+87,35+27,61+9,85 =  219,72 ./ .   
     

      : 
 
   =  19,19+123,69+11,29+6,92 = 161,09 ./ .  
 

              
      [7]: 

  
 = S + ,                                                                                                         (3.9) 

 
    S  -  , ., 
          -   , . 

 
 = 415,77 + 219,72 = 635,49 ./ . 

 
 = 415,77 + 161,09 = 576,86 ./ . 

 
  ,        

       10,2 %.    
      . 

 
 ,    (    

) : 
 

2 1
( ) ,Э N                                                                                       (3.10) 

 
    1 -               

      , ., 
2 -               

     , ., 
N –     , 100 . 
 

2 1
( ) (635,49 576,86) 100 5863 .Э N        
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3.5 -   
 
1          

  – 100 . 
2          

    1.6  415,77 . 
3        3.3, 3.4. 
4       1.1, 1.2. 
5        – 

 1.1, 1.2. 
6          

    .   
. 

 
          

  ,  ,    
   ,   .  

,         . 
 
7       

    [7]: 
 

.

94,91 100
20384

12 4 1 12 0,0097N

З N
З

n m

 
  

      ,                                      (3.8) 

 
     З  –    ,    ,  

   , / ; 
N –   , ; 
n –    , ;  
m –  ;  
12 –   ; 

N –   , . 
 

        
   [7]: 

 

.

19,19 100
37627

12 0,25 1 12 0,017N

З NЗ
n m

 
  

      ,                                     (3.9) 

 
 З  –    ,    ,  
         , ./ . 
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      -

3201     100 . 
      

   ,   
,      

,      (  
 )    (   

    52/80  20). 
 ,    , 

    ,   
  ,    

  .  
 -     
  ,      

   4       
 ,   1,5    ,  

       .  , 
  ,        

          
    10,2 %,   -

  .     
 5863     .  
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CONCLUSION 
 

This graduate qualification work presents the manufacturing technology of 
crankcase of power takeoff attachment for autohydraulic hoist VIPO-3201 with the 
annual programme of 100 pieces. 

When designing the rational structure of technological processes of machining job 
was worked out, the optimal modes were calculated, the high-performance equipment 
and metal-cutting tools were selected, and the high-speed fixing (for milling 
operation) and control devices (for controlling parallelism of bores 52/80 and 20) 
were developed. 

High-performance variants of technological processes of machining job were 
developed both for the universal metal-cutting equipment and the modern equipment 
with CNC. 

The technical and economic analysis of the developed variants of technological 
processes performed has shown that the use of CNC equipment provides a 4-fold 
reduction in the number of used equipment and workplaces, a 1.5-fold reduction in the 
area for equipment, decreasing the payroll due to reducing the number of workers. On 
the whole, the economic calculation has shown that machining on CNC machines is 
more cost-effective than machining on universal equipment and will reduce the cost of 
machining by 10.2 %, which is confirmed by the technical and economic indicators of 
the process. At the same time, the economic effect will be 5,863 rubles for the annual 
output program. 
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