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1. Brief Introduction 
 
After the spreading of locomotives supported by DC 
engines and rectifier units the disturbance originating 
from railway traction systems has increased. Harmonic 
filters are used to limit the harmonic currents flowing 
into the upstream network and to decrease the resonance 
effect causing current amplification along the 25kV 
supply line. Reducing the harmonic currents decreases 
the psophometric current and voltage. 
 
To simulate the harmonic penetration and filtering effects 
of the power electric traction the combination of 
frequency and time dependent model should be used. 
This novel method, called double domain simulation is 
improving the accuracy of the frequency domain 
simulation. To calculate the sophisticated model of the 
electric locomotive and active harmonic filter as a non-
linear load a time dependent model must be used. The 
traction supply system together with the equivalent 
supply network impedance could be calculated in 
frequency domain. An iteration algorithm is developed 
converting the variables in every iteration step between 
the time and frequency domain. 
 
In our paper the application of active filters are discussed 
for the Hungarian 25 kV AC traction supply network. In 
the chapters of the paper the brief summary of the double 
domain simulation is presented, the detailed introduction 
of the active filtering, the ideal and the filter with PWM 
inverter are reported. Finally some calculation results 
(harmonic currents, and voltages, calculated 
psophometric values) have been published. 
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2. Modelling the electric traction’s supply 
 
The electric railway system is consisting of four main 
components (Fig. 1.a): [1] 
 

• the locomotives 
• the contact line system 
• the feeding transformer 
• the high voltage supply network 

 
The traction supply system model can be made with these 
elements as discussed in reference [3] and [4]. The 
locomotive model could be studied in [4] Because the 
voltage distortion is caused by the loco itself, an iteration 
algorithm was developed to convert the variables 
between the time and frequency domain vice and verse. 
[4] 
 
3. Harmonic effect 
 
The current harmonic components could cause the 
following problems: [2] 
 

• resonance effect with overvoltage and 
overcurrent consequences, 

• additional losses, 
• psophomentic disturbance of the 

telecommunication systems, 
• disturbance in the remote control systems, 
• malfunction of protection devices, 
• misoperation of semiconductor-controllers. 

 
4. Psophometric interference 
 
The high power lines could influence the neighbouring 
telecommunication networks by the following ways: [1] 



• Capacitive coupling: The voltage of the power 
line causes charging current 

• Inductive coupling: The line current induces 
longitudinal emf. 

 
5. Harmonic filtering 
 
Harmonic filters are used to limit the harmonic currents 
flowing into the upstream network and to decrease the 
resonance effect causing current amplification along the 
25kV supply line. Basically there are two kinds of filters: 
passive and active filters. 
 
A. Passive filtering 
 
The passive harmonic filter is a set of series resonance 
circuits tuned to the frequencies to be filtered and 
connected parallel with the non-linear load. [1] 
 
B. Active filtering 
 
The active harmonic filtering is an electronic method to 
convert the basically non-sinusoidal current of the 
consumer into sinusoidal one regarding the resultant 
supply side network current. [3] [5] 
 
6. Applied active filter 
 
Nowadays the spreading of power semiconductors, 
system technologies and control strategies made possible 
the wide-ranging utilization of power converters. For 
harmonic compensation in case of railway applications 
the best choice is the single phase bridge inverter with 
alternative PWM controlled current control [6].  
 
7. Calculation results 
 
Some characteristic simulation regarding the harmonic 
distortion of the railway systems in function of the 
locomotive position and locomotive type are discussed in 
the former papers [3] and [4]. Some special calculations 
are presented here. 
 
A. Without filtering 
 
Some resonant effect can be studied along the supply 
line. As an example on Fig. 1, the voltage and current at 
the substation are seen. 
 
B. Using the active filter of Chapter 6 
 
After installing an active filter in the substation it could 
be concluded that the current and voltage component on 
the filtered harmonic orders are reduced dramatically and 
the typical effect of the 3rd and 5th harmonics have been 
neglected, but the significant high frequency components 
(mainly 17th and 19th harmonics) have remained. Because 
of the limitations of the switching frequency, the PWM 
active filters could not be applied effectively for such 
high frequencies. To filter this effect, a passive filter – for 
example a broadband one – should be used. 

 
8. Psophometric and THD values 
 
Using the harmonic components of the currents and 
voltages the psophometric and THD values can be 
calculated along the supply line.  
 
9. Conclusion 
 
It can be concluded that using active harmonic filtering 
the network side harmonic distortion is reduced very 
effectively, but the psophometric effect caused by the 
current along the traction system basically did not 
change. Quite the contrary, a minimal increase could be 
seen. In critical cases a broadband passive filter might be 
necessary to decrease the harmonic impedance resonance 
causing the increase of equivalent disturbing current. 
 
This kind of calculation is a suitable method to perform 
an analysis on both the harmonic distortion and 
psophometric effect. The double domain simulation 
method will help to select the most advantageous 
solution, regarding the composition of passive and active 
harmonic filtering. [3] 
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