
Device for conversion of equalizing current at the site of the 
traction ac network 

Abdurauf Safarov1, Khurshid Sattarov2,3, and Sarvar Jumaboyev1 

1Tashkent institute of railway engineering, Department of Power Supply of Railways, Adilkhodjayev – 1, Tashkent, 100167, 

Uzbekistan 
2Tashkent university of information technologies, Department of Power Supply Systems, A.Timur, 108, Tashkent, 100200, Uzbekistan 
3Tashkent state technical university, Department of Power Supply, Universitet, 2, Tashkent, 100097, Uzbekistan 

Abstract. The article proposes the design of a device for converting the equalizing current using a 

compensating winding, which meets the requirements for accuracy and reliability on the part of various 

automated control systems, control and measurement of currents. 

Introduction 

In connection with the aggravation of the problem of 

saving fuel and energy resources due to the constant 

increase in prices for them, the issues of further 

introduction of modern energy-efficient and energy-

saving technologies are of particular importance [1]. 

In particular, one of the main problems in railway 

transport is the problem of reducing the losses of electric 

energy in the traction power supply system of electrified 

Railways, which are the largest consumers of electricity 

in the industry. 

The formation of the indicator "loss of electricity" 

begins with the energy consumption for traction of trains 

received by the network (meters of traction substations 

on the primary side of traction transformer substation) 

and released to the consumers (counters of the electric 

rolling stock). Thus actual values of losses of the electric 

power which size depends on reliability of the account of 

the electric power consumption are defined. For 

example, in [2] given the accounting data on the 

electricity consumption for traction by results of work on 

the Railways of Russia. 

In accordance with these reporting data, the range of 

changes in the relative unbalance of electricity reception 

for traction trains by meters of traction substations and 

consumption by meters of electric rolling stock was 

2.1...27.9%. The difference between the actual and 

calculated values of losses of electric energy is caused 

by unsatisfactory technical and organizational condition 

of systems of the account of electric energy on traction 

substations and the electric moving structure. 

Statement of a problem 

Determination of structure and actual losses of the 

electric power, to allocate the factors causing these 

losses for the purpose of development and the 

organization of actions for reduction of losses of electric 

energy in a traction network.  

The concept of the problem decision 

An electrified AC railway is an asymmetrical non-linear 

consumer with an uneven load. It is an extended receiver 

of electric energy, and its traction substations can’t be 

powered from one point of connection to the external 

power supply system [3,4].  

Traction substations are powered by various nodes of 

one or more power systems. The voltages at the points of 

connection of traction substations to power systems are 

different in modulus and phase, which causes the flow of 

power flows in the traction power supply system 

between adjacent substations even in the absence of 

traction load. Connection of systems of external and 

traction power supply on power transit is accepted to 

estimate an equalizing current in a traction network [5]. 

Equalizing current is the current determined by the 

parameters and mode of operation of external and 

traction power supply systems. The traction network 

between two adjacent traction substations in its electrical 

essence is a small resistance current line connected in 

parallel to the power line of the external power supply 

system at long distances. In accordance with Kirchhoff's 

first law, part of the load current flowing through the 

power lines of the external power supply system 

branches off into the traction network (a system of 

parallel wires). For the traction network, this is a harmful 

current that causes additional losses of electrical energy, 

heating of wires, reducing the capacity of trains in this 

inter-substation zone. The presence of transit of 

electrical energy in the traction network complicates the 

system of accounting of electricity for traction of trains. 

On Railways seek to reduce the value of the 

equalizing current. Therefore, the problem of its 

determination for the purpose of subsequent 

minimization is acute [6]. 
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Losses of electric energy in the traction network, 

caused by equalizing currents depend on power supply 

and partitioning merpttazinol areas and are determined 

by the nature of the traction load, parameters, elements 

and modes of operation of power lines. 

Under operating conditions, these factors change, and 

therefore it is important to be able to quickly assess the 

loss of electrical energy in the traction network for 

various power supply circuits of the inter-substation 

zone and choose a power supply scheme to minimize 

energy losses. 

Equalizing currents cause additional losses of 

electricity in the contact network regardless of whether 

there are trains on the inter-station zone or not. In the 

absence of a load on the zone, equalizing currents can 

flow, causing energy losses in the contact network, 

which are recorded by the meters of substations, but are 

not measured by the meters of electric locomotives. 

Therefore, the more time there are no trains in the zone, 

the greater will be the difference in the readings of the 

energy meters of substations and electric locomotives. 

To estimate this difference, in addition to the value of 

the equalizing current, it is necessary to know the 

dimensions of the train movement. Disadvantages of the 

mode of operation of the traction power supply system 

of electrified AC Railways are amplified by the 

imperfect system of accounting for electric energy at 

traction substations and electric rolling stock.  

A significant drawback in the accounting of 

electricity for traction trains at traction substations is the 

lack of accounting for electricity on the feeders of the 

contact network, which prevents the study of the balance 

of received and distributed electric energy [7,8]. 

The lack of control of the balance of received and 

distributed electricity for the traction of trains occurs for 

the following reasons:  

- the absence of metering devices on the feeders of the 

contact network does not allow to control the distribution 

of electricity on the supply arms; 

–not defined zone with an increased energy consumption 

for traction of trains with the aim of developing joint 

solutions services E and T to reduce specific energy 

consumption for traction of trains substation in these 

areas. 

The electric power accounting on the electric rolling 

stock of alternating current is carried out now by 

counters of the electric power spent on traction of trains 

and returned at regenerative braking. They make it 

possible to determine the specific cost of electricity for 

the transportation of goods in operation. 

Since cash settlement currently on the counters of 

electric locomotives do not produce, so today, the energy 

metering on the electric rolling stock is made by 

induction and electronic electricity meters with lower 

accuracy class of energy measurement. 

Due to the absence of electric voltage transformers, 

voltage all meters are powered from winding their own 

needs at the secondary side of traction transformer 

locomotive, and the circuit from the primary winding of 

the traction transformer locomotive. However, there is 

no proportional relationship between changes in the 

voltage in the contact network and the voltage on the 

winding of the transformer's own needs. 

Therefore, to estimate the specific energy 

consumption for traction trains for different AC 

locomotives have to take the average transformation 

coefficients. For example, switching at an angle of 

40...45° rectifier electric locomotive caused by a large 

current load of the engine, and because of voltage losses 

in the dispersion reactance of the secondary windings of 

traction transformer voltage drop in the winding their 

own needs differs from the reduction of voltage on the 

pantograph of the electric locomotive 10 to 20% in 

magnitude and 3...4° in phase [7]. 

As a result, the error of electricity metering on the 

electric rolling stock is not less than 10 %. These errors 

of the account of the electric power entail emergence of 

a certain share of conditional losses in system of traction 

power supply. 

Thus, today there is a need to develop a 

comprehensive system of scientific, technical and 

organizational measures in the form of an automated 

system of control and accounting of electricity 

(ASCAE), taking into account the above factors. This 

will identify areas with increased losses of electrical 

energy, develop measures to reduce them, reduce the 

total energy consumption in the traction power supply 

system and improve the technical and economic 

performance of the traction power supply system. For a 

complete picture of the electric energy consumption for 

all elements of the traction power supply system, it is 

necessary to take into account the electric power 

consumption on the feeders of the contact network and 

on the electric rolling stock of the phase [5,9]. 

In addition to continuous monitoring and accounting 

of electricity, the introduction of ASCAE in the traction 

power supply system will allow to assess the status of 

power supply devices, to conduct current control of 

electricity losses and quality indicators of the received 

electricity, as well as to identify irrational electricity 

consumption. 

The creation and implementation of such a system on 

electric rolling stock will allow: 

- to control reliability of the account of electric energy 

on counters of the electric rolling stock and receiving 

information after processing of route sheets of drivers; 

- to provide technical and organizational improvement of 

the account of the electric power on the electric moving 

structure; 

- control the consumption of electric power by electric 

locomotives from neighboring roads. 

The main objectives for the implementation of ASCAE 

on electric rolling stock are: 

- development of technical solutions for its 

implementation and on its basis the organization of 

current control of electricity consumption by electric 

locomotives on the traction of trains; 

- compliance with the legal provision of technical means 

of ASCAE, which will be possible with the use of a 

current measuring Converter both on the 25 kV side and 

on the 10 kV side of an electric locomotive traction 

transformer and modern electricity metering devices; 
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- implementation by means of technical means of 

binding of power consumption of the electric rolling 

stock to the served zone (owing to the fact that the 

electric locomotive is the mobile unit and moves on a 

site of the railway). 

In this paper, the authors propose a design of the device 

to convert the surge current to meet the requirements of 

AMR both at 25 kV and 10 kV traction transformer 

locomotive.  

Fig.1.The design of the device to convert the 

compensating current 

 

The device for converting the equalizing current 

(Fig.1) is built on the basis of the design [10] for the case 

of transformation of alternating current and consists of 

the extreme rods 1 and 2, the magnetic core rod with a 

cutout 3, the conductive bus c measured current xI , a 

compensating winding wound kW  on the core 1, an 

output winding outW , encompassing a Central stem with 

the neck 3. 

The principle of operation of the Converter is as 

follows. When the measuring current xI  flows through 

the bus, as well as when the compensating winding kW  

is connected to an alternating voltage source, a 

compensating current is formed (Fig. not shown), and in 

rods 1 and 2 there are magnetic currents proportional to 

the corresponding currents. 

With the same direction of currents in the tires, the 

magnetic flows )(kLФ  and )(iRФ  are closed along the 

extreme rods 1 and 2 and through the Central rod 3 in 

opposite directions. The output winding outW  is 

permeated by magnetic flows )(kLФ  and )(iRФ  counter 

direction. If the bus currents are not equal to each other, 

then the resulting flow )(0 pФ  is the flow difference, 

)(kLФ  and )(iRФ , and the corresponding voltage at the 

output of the output winding is determined by the 

derivative of the flow difference )(kLФ  and )(iRФ  in 

time: 

dt

dФ
W

dt

ФФd
WU

0(p)
out

R(i)L(k)
outout

)(



  

where is outW  - the number of turns of the output 

winding. 

 

Conclusion 

Thus, the device for converting the equalizing current 

using the compensating winding allows you to convert 

current to AC voltage with high accuracy and reliability, 

which expands the scope of its application in various 

automated control systems, control and measurement of 

currents. 
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