
ISSN 9516-5456  Електрифікація транспорту, № 5. - 2013. 25

електрорухомий склад / electric rolling stock

©  . .,  . ., 2013
 

 629.423:621.314 

 . .,  . . ( ) 
. «   »,     -

   . , . , 2, 49010 , , .+38(063)446-
77-38, .  lazbl@yandex.ru  

     
    

    
 

 
   -

     -
        

    ,  
     [1]. 

    
      -

 ,     -
  ,    

  80-     
   [2]. 

    
   -

 ,      
      

  . 
     
   IGBT- ,  

    6,5 
    400…1200 ,   
 ,     (  -

)     IGBT.  , 
    -

  .    -
     

    -
   .   

     
     -

,      
      

  ,     
’ .       -

    -
   ,  

     
     -

.    -
       

    .  
     

     ’  -

     
  . 

    
  

    
  ,  -

    ,    ’ . 
    : 

1)  « » (   ); 
2)   (  ); 
3)   ; 
4)    . 

 ,      
’    , -
  ’    .     -

  . -
     -

  .   
     -

 ,   -
 ,     -

    : 

 4,44E fBSw , (1) 

 E  -  , ; 
f  -    , ; 
B  -  , ; 
S  -   , 2; 
w  -  . 

,     
     

   ( w )   ( S ) -
    -

 ( B ),     -
   ,  ( ) 

    ( f ). 
       
,       

,    : 

 IS
j

, (2) 



26 ISSN 9516-5456  Електрифікація транспорту, № 5. - 2013.

електрорухомий склад / electric rolling stock

©  . .,  . ., 2013 
 

 S  -    , 2; 
I  -    , ; 
j  -  , / 2. 
  (2) ,    -

   ,     
     -

    . 
     -

    (  -
 ): 

 2 2P j S R , (3) 

 P  -   , ; 
     R  -   , . 

      
  ,  -

    ,   -
.    -

 (     
)      

    . -
      -
    (250 / 2) -

   -
 ,   ,  

   . 
,  -  -

    -
  : 

1)     ; 
2)     -

 ; 
3)   . 

     -
    .   

    
 .    
   -

     [3,4]. 
     -
 ,    

    . 
     -
   
     

    -
     

     
 ( )   [5,6].  -

     , 
   . 1.    

:     -
  1,  -

 1      -

   .   -
     . 

    
  2,  

 2     -
  ,    -

  . 

 
. 1.    -
       -

   

   [6]   -
 ,    . 

     -
    ,   

   ,  ,  
  ,   .  

     -
    -

      -
       

. 
     -

    -
  [7],    
.2.      
     ( )  

,      .   
      

    .  
   , , -

  ,  -
       

.      -
   -

 -      -
     -
  . 

 
. 2.    -

  



ISSN 9516-5456  Електрифікація транспорту, № 5. - 2013. 27

електрорухомий склад / electric rolling stock

©  . .,  . ., 2013
 

 ,   -
     

     
,       -

 2.    (  
2)       

      
  . 

 ,    -
  3    1.  -

    -
     3   

   (  2). 
       

    -
     

( . 3) [8].      
  -

  4QS,    
  .  

,     -
 ,      

    
  14,6 %. 

 ,   ( . . 3) 
     

     25 , 50  
       -

 : 3 , 6 , 12 , 24 .    
      

       
24 ,      -

,      ,  
     -

      
3 .    ,   -

  ( )     
   ,  -

      ( . 3): 
, , , ).      
       -
  . 

    [8]   -
      

      -
  ,  11, 

12, 13  . .     
     -

     -
     

   -   -
     -

      
, ,    .   

     

     , 
  ,   ,  

   . 
      -
        

25 , 50    3  (    
0,9 25000 / 6 3750U ,    -

 3000 / 6 500U ) ,  -
       

      -
 .       

     -
    1,  
    
    . 

 
. 3.     -
: 25    3     

6      
  ( )  –  -

,  –   ,  – 
- ,  –   -

,  –    
,  –   ,  – 

   

    -
     
. 

 
    -

    . 4 . -
      -
   . 4 . 

      
      

:   25 , 50   -
 XA1    QF1 -

    4QS1,  -
    3,75 . -

   LC  FLC  -
    

    4QS2  
      

3,4    f>50 .   -
     -

       -



28 ISSN 9516-5456  Електрифікація транспорту, № 5. - 2013.

електрорухомий склад / electric rolling stock

©  . .,  . ., 2013 
 

  4QS3.  -
   4QS3  -

  -  -
      -

-  .  4QS3 -
    3    

    DCL.   -
     -

      PWR.  
 PWR     -

  ,   -
 f = var. 

     -
    3   -
  XA2,  -
 QF2   Dr    -

  DCL     -
  PWR,    

  M. 
 . 4    -

      -
 .    -

     ,      
 .   4- , 6- , 8-   

. .  . 
    
 ,     

  (  )  -
   [9]. -

      
 .     
    . 

     -
  ( . . 4 )   

     -
       -

,     [8].  -
      

     -
   : 

1)     -
; 

2)     -
 ; 

3)     -
. 

       
      -

 . 
     

     -
 .   -

    -
     -

     -

  19 %.     
  .   ,  
     

     -
      

     12 . 
       

 . 
      -

  .   
     . 

    -
   -

   . 5.   
      
    ’  

 11  12.   -
      

      -
   . 

    -
    . 6.    

 11   -
     

 (   11  12 ’  )  
 25/2=12,5 . 

    -
     -

  .  -
     

  2    -
 .    -

    
29 2=58 .   11  12 
’  ,      

 58/2=29 .  11  
12     -

,   VT1…VT4 ( . . 6) 
 ’   .    

 ’  ,     -
   29/2=14,5 . -

 1  2   -
 29 . ,  VT5 ,  

VT6 ,      1 -
  VT6. 

,      
 11  12   

 7,25     
14,5 .   1  2  -

     
14,5     29 . 

  ,  -
      

   . 



ISSN 9516-5456  Електрифікація транспорту, № 5. - 2013. 29

електрорухомий склад / electric rolling stock

©  . .,  . ., 2013
 

,     -
    -

  .      
     

. 

 
. 5.     -

      
    

    
    -

   
 . 7.      

   
   . 

     -
      -
  6,5 .    

     
   . 
        

       
    1 6 16,7%   

. ,   
    -

 ’  . 
,     

    
2M U , ,      
    100 %,  

1U ,  : 
2 21 1M U . 

    100 %  -
  100%. 
       

16,7 %     
20,83 0,68    . 

   
    :  

P M . 

 
. 7.     -

  

     -
   32 %   
   32 %. 

,        -
,      -

     
 32 %,      32 %. 

       -
 ( 21… 26)      
     

 ,     -
 ( 1… 5)    -

.     ’   
   16,7 %.  -

     
  16,7 %.      ’  

   ,   -
     16,7 %, 

   100 % - 16,7 % = 83,3 %, 
  15,3 % (83,3-86) ,    

    (   
 ). 

     -
     ,  -

  . 
    -

    
  . 8.     

     -
 . 

       -
      ,  -

      
   16,7 %   

 .    ,  
      

   10 %. 
,        

     



30 ISSN 9516-5456  Електрифікація транспорту, № 5. - 2013.

електрорухомий склад / electric rolling stock

©  . .,  . ., 2013 
 

    -
,       

  16,7 %   . 

 
. 8.     -

    

     ( . 
7, 8)    -

. ,    -
 ,    

. 
 ,    -

   ,   
. '      G 

  S    [10]: 

 
3
4G S . (4) 

,     g 
   : 

 1
4

1Gg
S

S
. (5) 

    -
 1S    -

 ,    
 6S      

,  1 1S , 6 6S .  
   : 

1 1
4

1 1
1

g , 6 1
4

1 0,639
6

g . 

     
  : 

 1

6

1 1,56
0,639

g
g

.  

,     
    

 56 %     -
 . 

      
   

 ,      
      

     .  
      -

   -
     -

,     -
  . 

       
    

     
      

  . 
 

     
  , -

       
 . -

     -
     ,  

    -
 ,    -

.       
     -

        
  .  , -

      -
      -
  ,     

     
  . 

    REFERENCES 
1.  . .    -

   / . . , 
. . , . . , . . . –
.: , 1991. – 336 . 

2.  . .  -
  / . . , . .  

// . – 2000. - 9. – . 45-46. 
3.  . .  . , 

,     / 

 1. Rotanov N. A. Kurbasov A. S., Bykov Yu. G., Li-
tovchenko V. V. Elektropodvizhnoy sostav s tyagovymi 
asinkhronnymi dvigatelyami [Electric rolling stock with 
traction induction motors]. Moscow, Transport Publ., 
1991. 336 p. 

2. Litovchenko V. V., Barantsev O. B. Sovremennye 
mnogosistemnye elektrovozy [Modern multi-system elec-
tric locomotives]. Lokomotiv – Locomotive, 2000, issue 9, 
pp. 45-46. 

3. Gottlib I. M. Istochniki pitaniya. Invertory, konver-



ISSN 9516-5456  Електрифікація транспорту, № 5. - 2013. 31

електрорухомий склад / electric rolling stock

©  . .,  . ., 2013
 

. . . – .: , 2002. – 544 . 
4.  .   , -

     
   / . . – -

  « - », 2008. – 272 . 
5. M. Kunz.   -

  /   . – 2000. - 8 
. 31 – 34. 

6. Victor M.    -
     -

    / M. Vic-
tor //   . – 2006. - 6 – . 49-53.

7. .  . .   -
    / . . -
, . . , . .  //   
    

 (  ): [   
«   . -

  »]. – : . –
2007. – . 356-357. 

8.  . .    -
    -

 / . .  //    
     . 

 05. 22.09 – . -
 – 2011. – 36 . 

9. .  . .    -
     / . . 

, . .  //   -
. – 2008. - 1 (14). – . 60-64. 
10. .  . .  : 

.    / . . . .: 
, 1986. – 528 . 

 
   10.04.2013. 

 
 :  -

,  ,  ,  
,   , -

  . 

tory, lineynye i impulsnye stabilizatory [Power sources. 
Inverters, converters linear and switching regulators]. 
Moscow, Posmarket Publ., 2002. 544 p. 

4. Mek R. Impulsnye istochniki pitaniya, teoretiches-
kie osnovy proektirovaniya i rukovodstvo po praktich-
eskomu primeneniyu [Switching power supply, theory de-
signing and guide for practical use]. Izdatelskiy dom «Do-
deka-XX » Publ., 2008. 272 p. 

5. M. Kunz. Tyagovye preobrazovateli umenshennoy 
massy [Reduced weight traction converters]. Zheleznye 
dorogi mira - Railways of the World, 2000. - issue 9, pp. 
31 – 34. 

6. Victor M. Preobrazovanie energii na el-
ektropodvizhnom sostave peremennogo toka s 
pomoshchyu transformatora povyshennoy chastity [Energy 
transformation for electric rolling AC with high frequency 
transformer]. Zheleznye dorogi mira - Railways of the 
World, 2006. - issue 6, pp. 49 – 53. 

7. Dubynets L. V., Chilikin M. H, Mukha A. M. 
Strukturna skhema perspektyvnoho elektrovoza podviinoho 
zhyvlennia [Structural circuit for the prospective dual pow-
er supply electric locomotive]. Zbirnyk naukovykh prats 
Dniprodzerzhynskoho derzhavnoho tekhnichnoho univer-
sytetu (tekhnichni nauky): [tematychnyi vypusk «Problemy 
avtomatyzovanoho elektropryvoda. Teoriia y praktyka»] - 
 Dniprodzerzhynsk: DDTU. – 2007. – S. 356-357. 

8. Mukha A. M. Rozvytok naukovykh osnov stvoren-
nia tiahovykh elektroperedach bahatosystemnykh el-
ektrovoziv [The development of scientific bases of creation 
tractive electric drive for multisystem electric locomotive]. 
Avtoreferat dysertatsii na zdobuttia naukovoho stupenia 
doktora tekhnichnykh nauk. Spetsialnist 05. 22.09 – El-
ektrotransport - Abstract of the thesis for obtaining of aca-
demic degree of Doctor of Technical Sciences. Speciality 
05.22.09 - Electric transport, Dnipropetrovsk, 2011. 36 p. 

9. Orlov Yu. A., Yanov V. P. Osobennosti skhem i 
konstruktsiy bazovogo elektrovoza novogo pokoleniya 
[Specifics of circuits and construction of basic electric lo-
comotive of new generation]. Transport Rossiyskoy Fed-
eratsii - Transport of the Russian Federation, 2008, issue 1 
(14), pp. 12-14. 

10. Tikhomirov G. M. Raschet transformatorov: 
ucheb. posobie dlya vuzov [Calculation of transformers: a 
manual for high schools study guide]. Energoatomizdat 
Publ., 1986. 528 p.

    . . .,  . .  
          -

        .   
            -

,   .         
    ’ .         -
     . 

          
   .         -

  .         -
 ,  ,   ,     .    

    ,    ,      -
    . 

        ,   
      . 

          -
      ,     
     3        .  , 

         ,    -
     . 

 



32 ISSN 9516-5456  Електрифікація транспорту, № 5. - 2013.

електрорухомий склад / electric rolling stock

©  . .,  . ., 2013 
 

 629.423:621.314 
 . .,  . . ( ) 

    ,    -
    . , . , 2, 49010 ,  

, .+38(063) 446-77-38, .  lazbl@yandex.ru 

     
    

   
  

          
        .  

             
,   .      

       .     -
         .  

          
    .        -

     .    
      ,  ,   ,   -

  .       -
 ,     ,        

  .  
        ,  

       .  
          

      ,   
        3        -
.  ,          ,  -

       . 

 :  ,  ,  , -
 ,   ,   . 

    . . ,  . .  

UDC 629.423:621.314 
VISIN N. G., ZABARILO D. A.  (DNURT) 

Department Electric rolling stock of railways, Dnipropetrovsk National University of Railway Transport named 
after V. Lazaryan, Lazaryana street 2, 49010 Dnipropetrovsk, Ukraine, tel.:+38(056)373-15-04,  
e-mail lazbl@yandex.ru  

THE ANALYSIS OF POWER CIRCUITS USING A HIGH-POWER 
TRANSFORMER FOR THE FEEDING OF INDUCTION TRACTION 
MOTORS OF ELECTRIC ROLLING STOCK  

The perspective direction in the field of railway transport is the development and implementation of multi-
system electric rolling stock which used asynchronous traction drive. Traction drive is the main power conver-
sion system for rolling stock and includes transformers, converters and motor. Traction Transformer is the most 
cumbersome part of the drive and has great weight and volume. Therefore, reducing its weight and dimension 
parameters can obtain a more compact and economical drive in general.  

One way to significantly reduce weight and size parameters of traction transformer is increasing its operat-
ing frequency. To achieve this it is necessary to develop special circuits for feeding high-frequency transformer. 
Existing circuit engineering solutions do not allow greatly simplified scheme and, in some cases, have low effi-
ciency. It is therefore necessary to develop a circuit of power circuits electric rolling stock which will have high 
efficiency, easy realization in terms of circuitry and reliable in operation.  

In this work analyzed the existing circuits of multisystem electric rolling stock which use high-frequency 
transformer and developed a new version of the circuit.  

Authors proposed a new version of the circuit of dual-system electric rolling stock with asynchronous trac-
tion drive will reduce the weight and size of transformer parameter, increase efficiency of electric rolling stock 
in direct current power supply 3 kV and increase reliability in emergency modes. Besides in the proposed circuit 
is missing sampling pulse energy from power network that increases the level of electromagnetic compatibility 
of electric rolling stock with automation devices. 

Keywords: high-frequency transformer, electric rolling stock, power circuit, three-phase transformer, self-
excited voltage inverter, traction induction motor. 
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