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ABSTRACT 
 
Final qualifying work on "Development of a digital control system for an 

extrusion blowing unit based on the SPK 107 controller" contains 54 pages of a text 
document, 37 figures, 9 tables, 27 used sources, 3 sheets of graphic material. 

MODERNIZATION, COMPUTER NUMERICAL CONTROL, 
PROGRAMMABLE LOGIC CONTROLLER, PROCESSING PLASTICS 

Object of research - extrusion blowing unit CHODOS. 
The subject of research is a system of numerical program control, built on the 

basis of a programmable logic controller. 
Research methods - study and analysis of the technology of plastic mass 

processing, study and analysis of modern numerical control systems, synthesis of a 
digital control system based on a programmable logic controller, laboratory tests. 

The purpose of the work is to design and manufacture the automation system, 
the introduction of the results of work in production. 

The significance of the work is due to the fact that the use of modern control 
systems allows improving the quality of manufactured products, reducing the 
consumption of raw materials, increasing the convenience and safety of personnel. 

Scope of application - the work was commissioned by the LLC "Abakan-Plast" 
and tested in production conditions. The control system can be installed with minimal 
changes on similar aggregates, and materials and research methods are used to 
develop projects for other installations. 

The tasks of the final qualifying work: ‐   study of the object of management; ‐   design and manufacture of a digital control system; ‐   installation and commissioning of the production control system. 
During the development of the project, the following results were obtained: 
A digital control system based on the SPK controller 107 has been 

manufactured, assembled and tested in production.  
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a 1 220 ; 16,36 ;   
 2 220 ; 11,36 ;   
 3 220 ; 11,36 ;   
 4 220 ; 8,27 ;   
 5 220 ; 4,36 ;   

    
 1-5 0-200 ℃ 

 
  1-10 24 ; 1 ;   
  11-13 24 ; 1 ;   

 
  22,5 ; U =440 ; I =56 ; U =190 

; I =3,2  
   0-78 /  

   2,2 ; 380 ; 50  
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2.2   
 
2.2.1     
 

      ,  
     . 

     : Allen-Bradley, 
Omron, Schneider Electric, Siemens, Advantech, Delta, VIPA, Mitsubishi Electric, 
WAGO I/O, Phoenix Contact,  , , Segnetics, Fastwel, 

   .  
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      . 
      , 

      .  
         

  ,      . 
    ,    

        
 « ».      ,   

       
  ,       

 ,      . 
,   ,    ,  

     .  
        

. 
      

  ,     
.      .  

        
    .    

      .   
     107. 

 107     -
      

 . 
: 

-      7 ; 
-   ; 
-     RS-232/RS-485; 
-    Linux.\ 

      2.2. 
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      ,    

    . 
   –    

       . 
       . 

  –     
      

. 

  
 2.2 –    107 

 
2.2.2    
 

        
   .    

     RS-485   ModBus. 
        

    RS-485/RS-232  RS-485/USB (  
 -   4)     

,      .  
         

60 - 4. 
        
 ,      2.2.    
          
. 
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 2.2 –      
 

    
1 2 

  ( 110-8 ) 
  1 DO1A – DO1B 
  2 DO2A – DO2B 
  3 DO3A – DO3B 
  4 DO4A – DO4B 
  5 DO5A – DO5B 

- DO6A – DO6B 
    DO7A – DO7B 
     DO8A – DO8B 

  ( 110-16 ) 
  1 DO4 – COM1 
  2 DO5 – COM2 
  3 DO6 – COM2 
  4 DO7 – COM2 
  5 DO8 – COM2 
  6 DO9 – COM3 
  7 DO10 – COM3 
  8 DO11 – COM3 
  9 DO12 – COM3 
  10 DO13 – COM4 
  1 DO14 – COM4 
  2 DO15 – COM4 
  3 DO16 – COM4 

- DO1 – COM1 
   DO2 – COM1 

- DO3 – COM1 
  ( 110-32 ) 

  SQ1 DI1 – SS1 
  SQ2 DI2 – SS1 
  SQ3 DI3 – SS1 
  SQ4 DI4 – SS1 
  SQ5 DI5 – SS2 
  SQ6 DI6 – SS2 
  SQ7 DI7 – SS2 

 SB3 DI8 – SS2 
 SB4 DI9 – SS3 
 SB5 DI10 – SS3 
 SB6 DI11 – SS3 
 SB7 DI12 – SS3 
 SB8 DI13 – SS4 
 SB9 DI14 – SS4 
 SB10 DI15 – SS4 
 SB11 DI16 – SS4 
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  2.2 
 

1 2 
 SB12 DI17 – SS5 
 SB13 DI18 – SS5 
 SB14 DI19 – SS5 

 SA2 DI20 – SS5 
 SA3 DI21 – SS6 
 SA5 DI22 – SS6 
 SA6 DI23 – SS6 
 SA7 (1 ) DI24 – SS6 
 SA7 (2 ) DI25 – SS7 

- DI26 – SS7 
- DI27 – SS7 
- DI28 – SS7 

    DI29 – SS8 
- DI30 – SS8 
- DI31 – SS8 
- DI32 – SS8 

  ( 8) 
  1  1 
  2  2 
  3  3 
  4  4 
  5  5 

-  6 
-  7 
-  8 

 
   110-32  (    

  2.3). 

 
 2.3 –    110-220.32  

 



 

19 
 
 

        
.   32   .   

         1  
(    0,5 ).  : =24 . 

 :  
-   n-p-n p-n-p ; 
-  : ; 
-  : 1.5 ; 
- : 24+/-3 ; 
-   : 8,5  (    

  27 ); 
-   «  »: 4,5 ; 
-   «  »: 1,5 . 

 110-16  (      2.4). 

 
 2.4 –    110-16  

 
      

,       
 .   16   . 
      .  : 

=24 . 
 :  

-  :  ; 
-   3  ~250   =30 . 

 110-8  (   110-16 ). 
      

,       
 .   8   . 
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      .  : 
=24 . 

 :  
-  ,  ; 
-  : ; 
-    400 , (   =60 ). 

   8 (     
 2.5). 

 
 2.5 –    8 

 
   .   

       
, , , ,     

.       
,      

  (  ). 
 
2.2.3    
 

       
         

.         MEZ 
BRNO MF 160 L2-T  22,5 .   

 –    ( - )    
   ,   

     .   
  U =440 , I =56 ,   U =190 , 

I =3,2      SDC1-47  
«ArtTech». ,     SDC1-47 

   : 
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-    70 ; 
-     ; 
-   ; 
- 4-  ; 
-   ; 
-   1:10000; 
- . 

        
  121-11    220   
 18 .       VS-

26MB120A   25     1200 .     
    -30 3.   

   ,      10  1 
     1,6  1 .    

   2.6. 

 
 2.6 –    SDC1-47 

 
2.2.4    
 

  , ,   
      .   

       
.       

   2.3. 
 



 

22 
 
 

 2.3 –     
 

 
 

  

1 2 3 
SA1 -   
SB1 -  
SB2 -   

SA2 
 

    

SA3 
 

    

RP1 

 

  / 
 

RP2 
 

  / 
 

SA4 

 

  « » 

SA6 
 

  
  

SB7 

 

  ( :  
  ) 

SB8 
 

  

SA8 

 

   
: /  

SB9    

SB11    

SB10 

 

   

SB12 
  

 

SB5 
 

  

SB6 
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  2.3 
 

1 2 3 

SB3 

 

  (   
    ) 

SB4 
 

   (   
    ) 

SB13 

 

   

SB14    

SA5 
 

   : 
/  

SA7 

 

   

 
       
      [5, 6].  
  ,     

    2.4. 
 

 2.4 – , ,  
 

 
 

 
,  

. 
.   

SA1 220 -15 MTB2-BDZ112 2 , NO 

SA4 220 -15 MTB2-BGZ112 
2 ,  

, NO 

SB1 220 -15 MTB2-EC4 NC 

SB2 220 -15 MTB2-BAZ112 NO 

SA2, SA3, SA6, 
SA5 

24 DC-13 MTB2-BDZ112 2 , NO 

SA7 24 DC-13 MTB2-BDZ133 3 , NO 

SB3-SB14 24 DC-13 MTB2-BAZ112 NO 

RP1 - - PTD901-2015K-B103 
 

 

RP2 - - PTD901-2015K-B103 
 

 
 



 

24 
 
 

2.2.5    
 

       
-  .      

    .   
  (  2.1)     

KIPPRIBOR HD-2544.ZD3     25 ,  
 -1 [5, 7].      

      20 .   
        

  .      2.7. 

 
 2.7 –     

 
2.2.6      
 

     
  .     

    2-632,   
   4 .      

       
 .      

   KOVOFINIS RT-4.   588 . 
        

.      2.5. 
 
 
 
 
 



 

25 
 
 

 2.5 –    
 

 
 

 
 

 
. 

,  
. 

,  
 

  
Y13 3VE10D 10 24 1   

Y11, Y12 3VE4D 4 24 1 
 

 
  

Y1, Y2 
RSEH1-
203Z12 

20 24 1   

Y3, Y4 
RSE1-
103Z11 

10 24 1   

Y5, Y6 
RSE1-
063Z11 

6 24 1 
 
 

 

Y7, Y8 
MPRS2-

4304-10-A 
6 24 1   

Y9, Y10 
MPRS2-

4304-10-A 
6 24 1 

 
  

 
2.2.7      
 

     . 
     , 

       . 
    ,   

 
         (2.1) 

 
      –   ; 

 –   ; 
 –  . 

 
. 

 
     1-0,16 3 

 160 ,  24 .    
      .  

  VS-26MB120A   25     1200 . 
      2.8, 

    2.9. 
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 2.8 –    1 

 

 
 2.9 –      
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2.2.8   
 

 «  »    .  
       .  

      ,   
  ,   ,    

 

        (2.2) 

 
      –    , ; 

 –    , ; 
 –    ; 

 –   . 
 

    ,    
 2.2 

 

  

 
       110-16  

(   =30 , 3 ),       24 
 (    2,5 ) -9 .     

 -3 [5, 8]    9 . 
    ,    

 2.2: 
 

.  

 
     , 

      :  
 

         (2.3) 

 
      –   , ; 

 

  

 
    ,    

2.6. 
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 2.6 –     
 

 
  ,  

A B C 
  1 16,36   
  2  11,36  
  3   11,36 
  4 8,27   
  5  4,36  

 T1 0,8   
 
 1 

  3,2 

 24,63 15,72 14,56 
 

       
     .    

    =24,63 . 
 ,   ,  

      :  
 

;       (2.4) 
 

  
 

       « »,  
      220  95-11.    
 -3    80 . 

 
2.2.9    
 

     
     .  

  47-63  47-100    [9], 
   (    5-  10-

   )       
 ,    .  

    . ,   
  ,        

. 2.2.8.       
    ,   . 2.2.8.  

       60 -
4,      (   )  

 0,5 .       
   ,   
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,      5 .  
       

     0,5 2.   s, 2 
    ,    

  I , ,  1.3.4 [10].   
       2.7. 

 
 2.7 –   

 
 

 
 

,  
   s, 2 I ,  

SF1 80 47-100   16 80 
SF2 50 47-63   8 51 
SF3 10 47-63   1 14 
QF1 5 47-63   1 1 14 
QF2 20 47-63  2,5 25 
QF3 20 47-63  2,5 25 
QF4 20 47-63  2,5 25 
QF5 20 47-63  2,5 25 
QF6 20 47-63  2,5 25 
QF7 20 47-63  2,5 25 
QF8 5 47-63  1 1 15 
QF9 0,5 47-63   1 15 
QF10 0,5 47-63   1 15 

 
2.3      
 

      
,    (     ),  

    , ,   
.       

  :     ,  
   .        
 ,         

. 
     , 

  ,     , 
  , ,  . 

   , , 
, , ,     

  ,     
      , 

  ,    -
    [11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 

21, 22, 23, 24, 25].  
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 . 

     SF1,  
     .  0  
  1, 2, 3, 4    5,  

   Q10.   
  SA1.   Q9 

    1. 
   «  »    

SF1   1.   1  
 SB1, SB2    .    SB2 

    1.4.  
         
 1.5.     1,  
   : 

SF2 –   ; 
SF3 –   ; 
QF1 –    1; 
QF2 –      ; 
QF3 –      ; 
QF4 –      ; 
QF5 –      ; 
QF6 –      ; 
QF7 –  ,   ; 
QF8 –   T1. 

   SB1   ,   
  . 

 1,   VD7   C   
   24   . 

      
 EK1-EK6    VD1-VD6, 

     3. 
  2     2. 

  2       
2.       2   

  Y1-Y13. 
   1   

 6.        
     3.   

      1.  
    ,  

 T2.       
10  1 ,      1,6  1 .   
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    VD8.     
  BR.  

   1-6  4    
( ). 

 SB3-SB14,  SA2-SA7,   
SQ1-SQ7    1.     .  

     0   
  . 
      2.8. 

 
 2.8 –   

 
 
 

 .  

1 2 3 4 
SF1   47-100 125  1  
SF2   47-63 63  1  
SF3   47-63 16  1  

QF2-QF7   47-63 20  6  
QF1, Qf8   47-63 5  1  

QF9-QF10   47-63 0,5  2  
KM1  -9511 80  1  
KM2  -0910 9  1  

1  3,6 , 1 
  
 

2- 3  2,5 , 2 
  
 

4 
 1,15/1,22/1,82/1,75/0,85 , 

(      
) 

1 
  
 

5 
 0,45/0,28/0,56/0,96/0,23 , 

(      
) 

1 
  
 

1  MEZ BRNO MF160L2-T 1 
  
 

2   4AO-100L-4D 1 
  

 2-632 
6   ArtTech SDC1-47 1  
0  107 1  
1   110-32  1  
2   110-16  1  
3   110-8  1  
4   8  1  
5 60 - 4 24 , 60  1  

T1  1-0,16 3, 0,16  1  
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  2.8 

 
1 2 3 4 

T2  112-13, 18 , 0,4  1  

Y1-Y13   13 
  
 

VD1-VD6 
  KIPPRIBOR HD-2544.ZD3, 

25  
6  

SQ1-SQ7   7 
  
 

SA1 MTB2-BDZ112, 2 , NO 1 220  
SA4 MTB2-BGZ112, 2 ,  , NO 1 220  
SB1 MTB2-EC4, NC 1 220  
SB2 MTB2-BAZ112, NO 1 220  

SA2, SA3, SA6, 
SA7 

MTB2-BDZ112, 2 , NO 4 24  

SA5 MTB2-BDZ133, 3 , NO 1 24  
SB3-SB14 MTB2-BAZ112, NO 12 24  

RP1 PTD901-2015K-B103,   1  

RP2 
PTD901-2015K-B103,   10 

 
1  

  100  1  
R  1  1  

VD7, VD8 VS-26MB120A, 25 , 1200  2  
 
2.4    
 

       
    ,    

,  ,      .  
    :        

        
  ,     ; 

   .      
 . 

        
         

 [11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25]. 
       

 ,   .    
   2.10.      

       . 
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 2.10 –       
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3      
 
3.1      
 

,     ,  
    ,     

 .      
 .    . 

      3.1. 

 
 3.1 –    

 
     .  

        
 ,      

.  ,      . 
 ,  ,    , 

   .      
 ,     

 . 
     . 

1)  ; 
2)   ; 
3)    ; 
4)   ; 
5)    ; 
6)   ; 
7)   ; 
8)    . 

        . 
      .  

    . 
        , 

   .    
         

.      
  ,   ,  

,     -  
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.       , 
        

 ,    .  
      .  , 

          
  .      

 .      
     .  ,    

     ,    . 
         
 ,     
      .  ,   

          
. , -   ( )  

        
 .      
   .    

         
 .      

 ,      
     .   

     .   
        

 . ,     
,    .  ,  

       ,  
  .       

   . 
       

.      
         

 . 
 
3.2      CODESYS 
 

   ,   
 ,       

  .    
    ,  , 

    ,    
   . .     

    .    
107    CoDeSys 3.5. 
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 CoDeSys   3S (Smart Software Solutions). 
      

     61131-3,  ,    
      

   .     
  ,    – 

 ,     - . 
      . 

   .   CoDeSys –  
 ,      

 . 
  - ,     

. 
    ,   

      . 
      

   .      
  .     

   . 
       

         
. 

    ,   
. 

 CoDeSys     , 
  « ». [26] 

      61131,  CoDeSys 
  :  

- Instruction List (IL);  
- Structured Text (ST)   

   :  
- Sequential Function Chart (SFC); 
- Function Block Diagram (FBD);  
- Ladder Diagram (LD). 

  , CoDeSys  ,   
  ,  Continuous Function Chart 

(CFC). 
  (IL).  

 IL (Instruction list)  –   .  
        ,   

  ,    ,  .   
 3.2. 



 

37 
 
 

 
 3.2 –      IL 

 
  (ST). 

ST      ,  
     ("IF…THEN…ELSE")   

 (WHILE…DO).    3.3. 

 

 
 3.3 –      ST 

 
    (SFC). 

SFC –   ,    
     .  

     ( ),    
    .    3.4. 

 
 3.4 –      SFC 
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    (FBD). 
FBD –    .    

 ,       
 ,   ,   

 .    3.5 

 
 3.5 –      FBD 

 
   (CFC). 

   FBD      
 ,        
,     .    3.6. 

 
 3.6 –      CFC 

 
   (LD). 
      -    ( )  –    

,      .     LD  
        ,      

      -   FBD.  , LD 
       POU.  

LD    .       
 -  .    ,  

    ,      
.       ,   

   "ON"  "OFF",   
   .       
.            ,      

  .       
 ("OFF").    3.7. 
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 3.7 –      LD 

 
3.3     
 

        
 .       

  .    
   -    3.8.   

     .   
   . 

 



 

40 
 
 

 
 3.8 –    
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Ч  
 

        
  -   «CHODOS».  
      107  « ».  

    .   
       , 

  .      
 ,    . 

    7     
    .     

        
   .     

   .    
         

     . 
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