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Abstract: - With the progress of power electronic devices in electric railway, harmonics in power systems 
become increasingly of concern. This paper presents a case study on harmonics in a traction power supply 
system. The study was based on measurements realized in an electrical drive station using a data acquisition 
system and a computer. It was analyzed the main power quality indicators: the power factor, the reactive 
power factor, the deforming power factor and the total harmonic distortion of the current and voltage. The 
paper present also the simulation results of process of electric drive vehicles especially in railway using 
different passive LC filters using PSCAD-EMTDC simulation program. 
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1   Introduction 
Nowadays the electric power is used in many real 
applications. Thus, it must taking account of the 
power quality with protection of environment. The 
exigencies that must by observed for the power 
distribution systems pertain to the power supplying 
continuity and power quality, and lead to a detailed 
analysis of the electric power parameters. 
The quality of electric power – a requirement of the 
power supply – must be analyzed in correlation with 
the distortions of the consumer’s receivers, which 
are introduced in the electric supplying network. If 
the power supplying parameters are not within the 
standard limits, the life span of the electrical 
equipments decreases. On the other hand the 
equipment has to be over dimensioned, in order to 
cope with these situations. The quality of the electric 
power, an important component of the electro-
energetic system, is a concern of the producer and also 
of the consumer. The concern of the electric power 
producer is the distribution and transportation electric 
network, which must work within certain parameters. 
On the other hand the consumer is interested in an 
appropriate electric power quality, but, in the same 
time, he is involved in this quality preservation. On the 
output generators, electric voltage is practically 
sinusoidal, but, at the consumer, it is more or less 
disturbed. For study the possibility to improve the 
power quality it was use the simulation program 
PSCAD EMTDC. PSCAD (Power System 
Computer Aided Design) is a multi-purpose 
graphical user interface capable of supporting a 

variety of power system simulation programs. This 
release supports only EMTDC (Electro-Magnetic 
Transients in DC Systems). 
 
 
2   The main power quality indicators 
The criteria of quantitative analysis of power quality 
are [1], [3], [4], [5]: 
The power factor 
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where P is active power, S is apparent power Q is 
reactive power and D is deforming power. 
The total harmonic distorsion for current, 
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respectively for voltage, 
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The pondered partial total harmonic distortion for 
current, 
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respectively for voltage, 
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where U1, I1 are the rms values for voltage and 
current  on the fundamental and Uk, Ik the  effective 
values for voltage and current on the kth harmonic 
order.  
 
 
3. Results obtained by measurement in 
electrical station  
 For the nonsinusoidal operating identify we are 
performed some measurement on the railway 
electrical station in Romania, and we are determine 
the distortions level for the current and voltage. The 
measure data are store in a PC, and there are ulterior 
processes.  
The data were input to a computer in order to be 
processed at a later stage.  The modern methods of 
measuring electric magnitudes use numeric systems 
based on systems of data acquisition and the method 
we introduced in this paper uses such a system. We 
used a computer with an ADA 3100 acquisition 
board [9] to which we connected an adapting block 
for the high currents and voltages. The role of this 
block is to achieve the compatibility of the 
magnitudes to be measured with the measuring 
range of the data system, as well as to lead to a 
galvanic isolation between the force circuit and the 
data acquisition system.   
The adapting block allows the simultaneous 
acquisition of three currents and three voltages. In 
order to obtain an analysis of the variation of 
electrical magnitudes along a hour, the data 
acquisition has been carried out along this hour. This 
process shows a set of specific characteristics, 
depend on both the nature of the electric magnitudes 
to be measured and on the technical characteristics 
of the data acquisition system in use and the 
computer on which the programs run. 
Taking into account both the characteristics we have 
shown and the recommendations concerning data 
acquisition in the systems of measuring currents and 
voltages on medium and high voltage lines given in 
[4], [5] the 2-channel data acquisition has been done 
as follows: 
- during 250 ms we sampled data simultaneously on 
2 channels, the acquisition frequency being 5 KHz. 
In this way was sampled the signals along 12.5 time 

periods. This thing allows that in case of a different 
frequency value from 50 Hz, the sampled data 
containing a 12 full period of signals.  
- the 250 ms  acquisition process was resumed at an 
interval of 9.75 seconds, interval along which we 
saved in the memory the data previously acquired. 
Thus, it results that along the entire duration of the 
charge we sampled data in time windows of 250 ms 
each, the interval between two windows of 
consecutive data being 10 seconds.  
From the set of data acquisition we select a window, 
which we considered representative, and we analyze 
this window. The current and voltage waveforms on 
the low voltage feeding line are present in figure 1. 
One can notice their strong distortion.  
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Fig. 1. The current and voltage waveforms on the 

low voltage feeding line 
 

The spectral characteristics are obtained by data 
acquisition processing, using the Fourier transform. 
Because the acquisition frequency was 5 KHz, the 
spectral analyzed frequency band are 0 – 2,5 KHz,  
which,  divide by 1250 samples from data window 
leads to 2 Hz frequency step. Because, like  is  
present in the reference literature [5], the analyze of  
the  first 40  harmonics values, the power, power 
factors and distortions coefficients determination 
was made based  on the 40 harmonics values, but for 
a good clarity the graphics was represent by 1 kHz, 
according with the first 20 harmonics values. 
The spectral charactersitic for the current and 
voltage are present in figure 2. By analyzing both, 
the variation of the current and voltage and the 
spectral characteristics one can observe that the 
higher deformation is on the current. However, the 
voltage is also deformed, but it preserves an 
approaching sinusoidal shape. One can also observe, 
on the spectral characteristic for the current and 
voltage that the odd order harmonics are higher 
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comparative with the non-odd order harmonics.  It 
can be observed that the 13th – order harmonic is the 
biggest, and after that the values are decreasing 
strongly. 
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Fig. 2. The harmonics of the current and voltage 

 
Regarding the values of the active, reactive and 
distortion power, the values of the power factor 
and the reactive factor are present in table 1. We 
also gave in table 1, the values for the distortion 
coefficients. 

Table 1 
The apparent power 3.4351 MVA 
The active power 1.8037 MW 
The reactive power 0.2128 MVAR 
The distortion power 2.9157 MVAD 
The power factor 0.52508 
The reactive factor 0.11798 
The distortion factor 1.6054 
THDI 143.99% 
THDPI 542.22% 
THDU 8.4473% 
THDPU 27.024% 

 
It can be observed from these data that the reactive 
power is greater than the active power, therefore 
active power compensation is necessary. The 
distortion of the current and voltage are also obvious 
by analyzing the value of the distortion power that is 
very significant. 
 
4. Simulation results 
In this section will be present the filters effects for 
the 3, 5, 7, 9, 11, 13, 15, 17 and 19 harmonics. For 
this analyze we use the acquisition dates and 
introduced them to the input of filters. This result 

was obtained by using the simulation program 
PSCAD-EMTDC. For this aims it was present the 
current and voltage variation before and after 
filtering. The most frequently used solution (for the 
technical-economical reasons) is harmonics filters, 
which are, in fact, serial resonant LC circuits. In this 
paper the simplest type of such a filter was analyze. 
This type of filter is made by a single serial 
inductivity with a capacitor, named first order 
passed band filter (fig.3). 
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Fig. 3. The electrical scheme for a first 
order pass-band filter. 

 
 
 
 
 
 
For each harmonic current it is use such a circuit. 
The components for each circuit are dimensioned so 
that for the resonance frequency, which are equal 
with the harmonic frequency, result null impedance:  
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where Zk are resonant circuit equivalent impedance 
for the k-order harmonic (equivalent resistances for 
the impedance, capacitors and electric cables are 
neglected) and ω1 is fundamental current pulsation.  
Pulsation: 
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represent the resonant pulsation for the LC circuit. 
 It can be observed that for smallest values for the 
pulsation vis a vis resonant pulsation ω<ωk, Zk<0, 
therefore the character is capacitive, and for greatest 
values for the pulsation vis a vis resonant pulsation 
the character is inductive. 
Usualy, the absorbing filters are installed for the 
harmonics with the highest amplitudes. Establishing 
of filters' inductivity and capacity values is made by 
applying of some algorithms that could be 
differentiated first depending on the filters' role from 
the viewpoint of reactive power compensation on 
the fundamental. All the resonant circuits will have 
capacitive character on the fundamental's frequency, 
so they will produce, no matter what, a capacitive 
transversal compensation of the network.  
Even though this rare solution, it could be taken into 
account in boundary situations when the distorted 
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regime in current is very pronounced. Even the 
reactive power compensation is not aimed either, the 
filter will flow in the network reactive power on 
fundamental. Therefore, the filter's dimensioning 
criteria, more specifically of the capacity, is to 
minimize the installed capacitive reactive power 
(which, beside a minimum cost of the battery, leads 
to a minimum influence on the active power 
circulation in the network). This reactive power will 
have two components corresponding to the two 
above mentioned currents, the current corresponding 
to the fundamental and the current corresponding to 
harmonic k on which the resonance is taking place:  
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where: 
Qc1 is reactive power supplied by the filter's 
capacitor on fundamental;  
Qck is reactive power supplied by the filter's 
capacitor on k harmonic;  
Uc  is voltage at the capacitor's terminals;  
 

Ik  is  harmonic current that follows to be filtered.  
Considering the partial derivate depending on 
capacity of the installed capacitive reactive power 
equation and canceling it, we obtain the equation of 
the filter's capacitor capacity:  
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The L filter's inductivity is determined from the 
resonance condition of the filter's LC serial circuit:  
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By introducing of such resonant filters on the odd 
harmonic frequencies, we can see the influence on 
each filter in part, as well as the effect of more 
filters connected in parallel. Is aimed also, beside 
the amplitude value, also the phase-difference 
introduced by each harmonic against the 
fundamental.  
The PSCAD EMTDC simulation scheme is show in 
fig. 4.  
 

Fig. 4. The PSCAD EMTDC simulation scheme
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The waveforms and instrumentation corresponding 
to the harmonics and phase-differences are show, on 
a graphic corresponding to a single filter (fig. 5) and 
on a graphic corresponding to more filters (fig. 6).  

 
 

 
Fig. 5 The waveforms, the harmonics amplitudes and 

phases for a single filter 

 
 

 
 

Fig. 6 The waveforms, the harmonics amplitudes and 
phases for multiples filters  

The analysis is made for each filter in part, the 
results being listed in table 2, as well as for an 
increasing number of filters, depending on the 
harmonic's order, of which results are in table 3. 
                           Table 2 

 amplitude phase 
3 18.73 171.1 
5 11.56 157.4 
7 11.32 118.1 
9 11.19 48.54 
11 11.15 -59.98 
13 11.13 144.6 
15 10.78 -64.92 

                               
Table 3                                     

Numbers of filters Ampl 
[A] 1 2 3 4 5 6 7 
a3 18.73 18.72 18.72 18.77 18.73 18.78 18.66
a5  11.56 11.55 11.58 11.57 11.58 11.49
a7   11.34 11.31 11.36 11.32 11.36
a9    11.18 11.28 11.22 11.43
a11     11.09 11.29 11.12
a13      10.99 11.26
a15       11.62
Phase        
f3 170.1 175.1 175.2 175.2 175.1 175.3 175.1
f5  157.4 157.5 157.7 157.4 157.6 157 
f7   118.2 118.6 118.4 118.6 117.8
f9    48.82 49.6 49.02 49.12
f11     -59.8 -59.8 -58.6
f13      144.6 142.3
f15       -66.1

 
 
5. Conclusions  
From the obtained data analysis, we can find the 
effect of each filter, both as harmonic's value and 
phase-difference on each frequency. From table 3 
results that for a greater number of filters the effects 
are smaller and smaller, reason for which is not used 
a quite great number of passive filters for harmonics 
compensation. To attenuate the superior rank 
harmonics, which have more reduced values, usually 
are used power active filters, the general 
compensation being made by combining the two 
types of filters, passive and active. The number of 
passive filters utilized is determined depending on 
the consumer power, on its characteristics, on the 
electric power's quality requirements, as well as on 
the system's economical efficiency.  
 

Proceedings of the 7th WSEAS Int. Conf. on Signal Processing, Computational Geometry & Artificial Vision, Athens, Greece, August 24-26, 2007      73



References: 
 
[1] Ionescu T., Pop O., The power delivery 

engineering systems, Technical publ, Bucureşti, 
1998. 

[2] Chiuţă I., Conecini I., The compensation of the 
distorted functioning regime, Technical publ, 
Bucureşti, 1989  

[3] Harmonics Working Group IEEE PES T&D 
Committee,  Modeling of components with 
nonlinear voltage current characteristics for 
harmonic studies, Power Engineering Society 
General Meeting, IEEE, 2004, vol. 1., pp 769-772 

[4] IEEE Working Group on nonsinusoidal 
situation, Practical definitions for powers in 
systems with nonsinusoidal waveforms and 
unbalanced loads, IEEE Transactions on Power 
Delivery, vol. 11, 1998, pg. 79-87. 

[5] IEC 61000-4-7 Ed. 2: Electromagnetic 
compatibility (EMC) – Part 4-7: Testing and 
measurement techniques – General guide on 
harmonics and interharmonics measurements 
and instrumentation, for power supply systems 
and equipment connected thereto, 2002. 

[6] Buta, A., Pană, A., Ivaşcu, C., reactive power 
compensation criteria in unbalanced electrical 
networks, Energetica, vol. 45, 1997, pp. 289-294.  

[7] Buta A.,Pană A., Load balancing on the 
distribution electrical networks, Editura 
Orizonturi Universitare, Timişoara, 2000;  

[8] Zanotto, L.; Piovan, R.; Toigo, V.; Gaio, E.; 
Bordignon, P.; Consani, T.; Fracchia, M, Filter 
design for harmonic reduction in high-voltage 
booster for railway applications. 
Power Delivery, IEEE Transactions on 
Volume 20, Issue 1, Jan. 2005, pp. 258 – 263 

 [9] ***, ADA 3100/ ADA3100A, User’s Manual, 
Real Time Devices Inc., USA 1991. 

Proceedings of the 7th WSEAS Int. Conf. on Signal Processing, Computational Geometry & Artificial Vision, Athens, Greece, August 24-26, 2007      74


