
 
 

10 . 1(50). 2021 
 

 621.311, 621.331 https://doi.org/10.18503/2311-8318-2021-1(50)-10-15 

.1, .1, .1,2 

1  
2  

  
 

 
Smart Grid, , -

, -
.  Smart Grid ,  

.  
,  

, .  
,  

. -
. ,  

-
. , -

-
. -

. -
, . -

 
. -

. , -
: ,  

,  12,07 . 

: , , 
, , . 

1 

-
,  

, 
, , -

.  ( )  
, -

,  
-

.  
,  

 ( ) -
.  

, -
 

,  
. -

,  
 

 ( )  
. , -

 
, -

 
.  

 

                                                
© ., ., ., 2021 

 smart grid,  
-

, -
 

,  
 [1-3]. 

 Smart Grid  
 ( ),  

, -
 [4-6]. 

 
 [7-11]  

-
,  

,  
. 

 

, 
 

, -
, -

 
.  

-
, -

,  
-

.   



 
 

. 1(50). 2021 11 
 

-
,  10/0,4 , -

 2,5–3 . 
: 

 ; 
  1, -

 5…15 ; 
 -

-
 6 ; 

 ; 
  2,  

 
, , ,  

. 
 . 1 -

 [3, 8],  3 .  
-

 Mosfet-
, -

,  
 100 .   

 20 . -
 

. 
 

 IGBT- , -
 1 .  

 
 5 ,  

, -
 90%.  

 
 

 
 

. 1. : 
 – ;  

 – ,  
 

  

,  . 1, -
 Matlab-Simulink.   

 
,  
 5  

 50  ( .  2).   
,  
.  

, -
 

. 
-

, -
-
-

.  2,24  
 cos =0,89. -

. 
 .  3 -

, -
: -

-
 k2U  5,3 -
 4;  kU  

6,6 , -
 5.  

-
 ( .  4) -

. 
 .  5 -
, -

. 

 
. 2.  

 
. 3.  

 

A

B

C

D11

D11

UabcDiscrete,
Ts = 1e-005 s

Three-Phase Source

Three-phase
Transformer

(Three Windings)

Powergui Scope1

Scope2

Nesymetri and 
Nesinusoidalnost1

5 + j 2.4 MVA

 
A B C

A B C

3 + j 1 MVA

Uabc

Scope3

Nesymetri and 
Nesinusoidalnost3

A

B

C

2+j1 MVA

Three-Phase
PI Section 

Line

A2

B2

C2 

A

B

C

Vabc

a

b

c

A

B

C

Vabc

a

b

c

A

B

C

A
B
C

A
B
C



 
 

12 . 1(50). 2021 
 

 
 

 
 

. 4.  
,  10  0,4  

 
. 5.  

 

, ,  
 50   

, -
. 

  
  

,  
, 
, 
 

.  
-
-

. -
-

,  
»  

 
(Ferrocarriles de Cuba).  

 
. -

-
.  

 
Mosfet-  

 15 -
.  

. -
. 

 
 
 

.  .  6 -
,  .  7 -

.  
 

 – -
 Tektronix TPS 2024B, -

,   
.  

,  
,  

Hantek DSO-2090. 
 

,  
 3,2 2. 

 
-

.  
 10–

15 . -
 

,  
-

, .  
 
 

.  
 Km  

-
 0,45.  

 Km  
0,5–0,55, , , 69  

35.  Km 
 0,6–0,65. -

 Km  
 0,87. 

 
. 6.   



 
 

. 1(50). 2021 13 
 

 
. 7.  

 Km  
,  

-
-

.  
 

 Km  0,3–0,4. 
 P, , -

 

c o c4,44 ,
100 1

mS S fBjK KP  

 –  ,  .;  Sc  So – -
 

, 2; f – , 
; B – , T ; j –   

, A/ 2; Kc –  
. 

 
 

4
1

1
c c

10 ,
4,44

Un
fBS K

 

 U1, U2, U3, ... – , ; n1, n2, n3, ... – 
. 

 .  1 -
. 

-
,  

. -
 

. -
 

, -
 . 2. 

,  .  2 
-

.  
 70 -

 48 . -
 3  6 . 

 1 
 N97 

U141/78/30 (B67374G0000X197) 
-
 

,  
 

 
 

Sc 
 

, 2 13,65 

So , 2 33,5 
 , . 0,95 

B ,  0,35 

j   
 , A/ 2 3,2 

Km  
, . 0,3 

Kc 
  

, . 0,93 

U1 ,  535 
U2 ,  100 
I1 ,  54 
I2 ,  290 

F1 
 

, 2 16 

F2 
 

, 2 90 

G ,  6 
– ,  ( ) 196×84×150 
f ,  10 12 15 
P ,  31 37 46 

n1 
  

, . 27 23 18 

n2 
  

, . 5 4 3 

 2 
 

 

  ,  ,  

1  – 25/10 880×520×925 340 

2  – 40/10 940×520×985 420 

3  – 20/0,5 540×420×555 136 

4  – 40/0,5 740×575×765 283 
 

-
 

. . 7) -
 ( . 8).  

 . 8, a -
-

:  
, , -

, -
. 

, -
 

. .  1):  
5,4;  

;  
-

;  12,07 . 



 
 

14 . 1(50). 2021 
 

 
 

 
 

. 8. : 
a – ;  

 –  

 .  8,  -
 

.  
 550  12,1 . -

-
,  51 .  

,  
 
 

.  
 

. 

 

 
 

-
. -

 

-
.  

 
, -

. 
-
 

. -
 

-
. 

 
1. Smart  grid  technologies  /  J.  Wang,  A.Q.  Huang,  W.  Sung,  

Y. Liu, B.J. Baliga // IEEE Industrial Electronics Magazine. 
2009. Vol. 3. No. 2. Pp. 16-23. doi: 10.1109/MIE.2009.932583. 

2. Buchholz B.M., Styczynski Z.A.. Smart Grids – Fundamen-
tals and Technologies in Electricity Networks. Springer: 
Verlag Berlin Heidelberg, 2014. 396 p. doi: 
10.1002/ente.201402181. 

3. Energy router: Architectures and functionalities toward En-
ergy  Internet  /  Y.  Xu,   J.  Zhang,  W.  Wang,  A.  Juneja,  
S. Bhattacharya // IEEE International Conference on Smart 
Grid Communications (SmartGridComm). IEEE, 2011. 
Pp. 31-36. doi: 10.1109/SmartGridComm.2011.6102340. 

4. The future renewable electric energy delivery and manage-
ment (FREEDM) system: The energy internet / A.Q. Huang, 
M.L Crow., G.T. Heydt, J.P. Zheng, S.J. Dale // Proceedings 
of the IEEE. 2010. Vol. 99. Iss. 1. Pp. 133-148. doi: 
10.1109/JPROC.2010.2081330. 

5. Review of modular power converters solutions for smart 
transformer in distribution system / R.P. Alzola, G.V. Gohil, 
L.  Mathe,  M.  Liserre,  F.  Blaabjerg  //  Energy  Conversion  
Congress and Exposition (ECCE). IEEE, 2013. Pp. 380-387. 
doi: 10.1109/ECCE.2013.6646726. 

6. Mao X., Falcones S., Ayyanar R. Energy-based control design 
for a solid state transformer // Power and Energy Society Gen-
eral Meeting. IEEE, 2010. doi: 10.1109/PES.2010.5590097. 

7. Bansode S.G., Joshi P.M. Solid state transformers: new ap-
proach and new opportunity // Proceedings of 11th IRF Inter-
national Conference. India: Pune, 2014. Pp. 15-21. 
https://www.digitalxplore.org/up_proc/pdf/84-140299091015-
21.pdf. 

8. Bulatov Y.N., Kryukov A.V., Arsentiev G.O. Use of power 
routers and renewable energy resources in smart power sup-
ply systems // International Ural Conference on Green Ener-
gy (UralCon). IEEE, 2018. Pp. 143-148. doi: 
10.1109/URALCON.2018.8544289. 

9. Bulatov Y.N., Kryukov A.V., Arsentiev G.O. Intelligent 
electrical networks based on controlled energy routers // In-
ternational Conference on Industrial Engineering, Applica-
tions and Manufacturing (ICIEAM). IEEE, 2018. 
doi:10.1109/ICIEAM.2018.8728738. 

10. ., ., . -
 

. ; : 
, 2020. 172 . 

11. ., ., . -
. 

; : , 2019. 152 . 

 25  2020 . 

INFORMATION IN ENGLISH 

APPLICATION OF ENERGY ROUTERS IN ELECTROTECHNICAL COMPLEXES OF AC RAILWAYS  

Grigori O. Arsentiev  

Post-graduate student, Power Supply and Electrical Equipment Department, Irkutsk National Research Technical 
University, Irkutsk, Russia. E-mail: arsentev_1986@bk.ru. ORCID: https://orcid.org/0000-0002-6841-1477.  



 
 

. 1(50). 2021 15 
 

Oleg V. Arsentiev 

Ph.D. (Engineering), Associate Professor, Head of the Department, Electric Drive and Electric TransportDepartment, 
Irkutsk National Research Technical University, Irkutsk, Russia. E-mail: arsentyevov@mail.ru. ORCID: 
https://orcid.org/0000-0002-2546-5969. 

Andrey V. Kryukov 

D. Sc. (Engineering), Professor, Power Supply and Electrical Equipment Department, Irkutsk National Research Technical 
University, Transport Electric Engineering Department, Irkutsk State Transport University, Irkutsk, Russia. E-mail: 
and_kryukov@mail.ru. ORCID: https://orcid.org/0000-0001-6543-1790. 

Currently, Smart Grid technologies based on energy flow 
management, the use of distributed generation units and 
semiconductor converting devices designed to improve the 
quality of electricity and the reliability of the work of electrical 
complexes are actively applied in the electric power industry. 
One of the technologies of Smart Grid is the creation of energy 
routers that can actively influence the parameters of electricity 
and its consumption modes. They include special transformers 
and controlled converters and are designed to manage energy 
consumption, connect distributed generation units and provide 
two-way energy flows. The results of a computer and 
experimental study of energy routers with high-frequency 
transformers designed for intelligent power supply systems are 
presented. The issues of improving the quality of electricity in 
networks of non-traction consumers of railways through the use 
of energy routers are considered. The results obtained confirm the 
possibility of using energy routers for power supply of railway 
facilities with increased requirements for the quality of 
electricity. On the basis of computer research, it has been shown 
that the use of intelligent elements in the power supply systems of 
non-traction consumers allows us to solve problems of improving 
the quality and reliability of energy supply of railway transport 
facilities.  The  use  of  energy  routers  for  power  supply  to  
responsible consumers makes it possible to completely eliminate 
problems with the quality of electricity. The developed model of 
an energy router can be used to analyze the modes of power 
supply systems equipped with these devices. The results of 
experimental studies of the operation of the high-frequency 
transformer confirmed its compliance with the calculated 
parameters. The effect of using such transformers in consumer 
electrical complexes leads to a significant reduction in overall 
dimensions. The measurements showed that the high-frequency 
transformer fully complies with the calculated data: the voltage 
pulses have a pronounced rectangular character, the signal is 
transmitted through the magnetic circuit without distortion in 
shape and phase shift angle, the frequency was 12.07 kHz. 

Keywords: electrotechnical complexes of railway power 
supply systems, energy router, high-frequency transformer, 
modeling, power quality. 
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