
TESTS, RECORDINGS AND NUMERICAL PROCESSINGS OF 
DISTORTING AND UNBALANCED OPERATING REGIMES 

OF A SYNCHRONOUS GENERATOR  

Petre-Marian NICOLAE, Ileana-Diana NICOLAE 

University of Craiova, Faculty of Electrotechnics 
 pnicolae@elth.ucv.ro 

Abstract − The paper deals with the recording and 
analysis of electric quantities waveforms from the 
components of a synchronous generator. The quality 
parameters of powers are determined in distorting and 
unbalanced regimes. Based on the relations used for the 
determination of the quality factors of electric 
quantities and respectively for the determination of the 
active and reactive powers, an analysis is made. It is 
concerned with the waveforms from: the main 
generator stator, the auxiliary generator stator before 
the fully controlled rectifier with thyristors and from 
the main generator rotor. Possible interdependencies 
between these quantities are determined.  

Keywords: data acquisition, energy measurement, 
harmonic analysis, power quality. 

1. INTRODUCTION 

The electric power supplying sources from a power 
system (synchronous generators from electric power 
plants) supply energy that obeys the quality norms in 
what is concerning electric energy supplying 
continuity and quality parameters. In the past years, 
simultaneously with the development of applications 
based on power electronics, new technical problems 
appeared [6], [9]. They turned into new challenges for 
those engineers that design and exploit the electric 
energy supplying sources from the electric power 
plants.  
Even though the voltage delivered by a synchronous 
generator obeys the electric energy quality norms, in 
many other practical situations, owing to the 
interactions between the distorting consumers and the 
power sources from the power system, significant 
harmonic currents can occur. They should flow 
through the main or auxiliary generator windings. 
Often these quantities are amplified due to some 
resonance phenomena that can occur. This results into 
a more significant distorting of the voltage delivered to 
consumers [8].  Under these conditions the measuring 
of electric quantities (voltages and currents) and of 
powers imposes the use of better classes of precision 
to all test apparatus, in order to have a correct 
evaluation of the delivered energy [1], [10], [13], [14]. 
The results provided by modern acquisition system, 
along with faster soft packages for data analysis and 

processing can provide very useful real time 
information. Despite of all these still there are 
problems related to the theoretical support (different 
algorithms) applied during the test procedures and 
respectively to the fast decisions that one must take in 
very distinct situations [5].  
The correct analysis and interpretation of the recorded 
data may be used, for the electro-energetic group as a 
whole, as a possible diagnosis method, based on the 
analysis of distorting and unbalanced regimes. The 
determination of the powers that correspond to the 
fundamental harmonic and respectively to the superior 
harmonics could provide precious indications both for 
the correct taxing of power flows from the electro-
energetic group toward the power system and 
respectively for a possible erroneous operation of 
some components from the power system.  

2. WAVEFORMS RECORDINGS 

In order to detect the steady state operation and the 
interdependencies between various components of an 
electro-energetic group, we performed experimental 
determinations in an electro-energetic group whose 
rated installed power is 330 MW.  
The experimental determinatios focused on: 
- the recording of voltages and currents waveforms 
from  the main generator’s stator;  
- the recording of voltages and currents waveforms from 
the main generator’s excitation winding (after fully 
controlled rectifier); 
- the recording of voltages and currents waveforms 
from the auxiliary generator’s stator. 
The currents and  voltages  waveforms recording  was  
done using two data acquisition systems, with sample 
frequency as high as 4,000 Hz. In this way it was 
possible to record the first 40 harmonics. The first data 
acquisition system was used to record data from the 
secondary windings of the current and voltage 
transformers for the main generator (Fig.1). This 
system was specially designed for this application. Its 
calibration was made so as to enable it to record the 
voltages and currents from the secondary windings of 
the current and voltage transformers for the main 
generator. 

42

Annals of the University of Craiova, Electrical Engineering series, No. 30, 2006_________________________________________________________________________________________________



 
 

Fig. 1.  The currents and the voltages at synchronous          
 generator terminals 
 
The second data acquisition system was used to record 
data corresponding to the time – variation   of   the 
currents (i1, i2, i3) from the secondary windings of the 
current transformers and the data corresponding to 
voltages (u3, u4, u5) were directly recorded from the 
auxiliary generator terminals. All these determinations 
are depicted by Fig. 2. 
 

 

Fig. 2.  The currents and the voltages at auxiliary 
synchronous generator terminals and d.c. voltage and 
current 
 
The second data acquisition system was also used to 
record the waveforms after the fully-controlled rectifier 
with thyristors. The current after the rectifier was 
recorded using a 60 mV shunt (u2 – from Fig.2) and the 
voltage after rectifier was directly recorded (u1 – from 
Fig.2). The second data acquisition system was also 
specially designed for the presented application.  
In order to detect the interdependencies between the 
various components of the electro-energetic group, a 
synchonization equipment was placed between the data 
acquisition systems. So the steady states recordings at 
both generators were made simultaneously. 

3. ANALYZED QUALITY PARAMETERS 
 

Based on the recorded waveforms there were performed 
harmonic decompositions of the voltages and currents 
up to the 40-th harmonic order (according to the 

European norms). An original soft package was used, 
that relies on Fourier decomposition for any number of 
harmonics. In order to perform a verification of the 
accuracy of results provided by soft, the signals 
decomposed in harmonics were consequently 
recomposed. Every time we calculated the error 
detected through the comparison between the original 
signal composition and its counterpart, computed after 
recomposition using the 40 computed harmonics. 
The performed decomposition relies on the possibility 
to decompose a periodic steady signal in Fourier series 
with the formula: 
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Here continuous components are present (Y0) and 
“n” is the finite number of harmonics, including the 
fundamental harmonic (corresponding to k=1) [2], 
[12]. Based on the decomposition from (1) one could 
determine quality factors for the recorded waveforms: 
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The harmonic decompositions made possible a 
subsequent determination of the active and reactive 
powers based on Budeanu’s theory [2], extended for a 
unbalanced and distorting regime [3], [4]. The powers 
were determined with the following relations.  

- Single phase fundamental active power:  
              11111 cosϕIUP =                             (5) 

 

- Single phase active power: 
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- Single phase fundamental reactive power: 
 

       11111 sinϕIUQ =                                (7) 
 

- Single phase reactive power: 
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- Three-phase active power: 
       321 PPPP ++=                              (9) 
- Three-phase reactive power: 

 

       321 QQQQ ++=                         (10) 
 
 
4. DECOMPOSITION AND ANALYSIS OF 
VOLTAGES AND CURRENTS WAVEFORMS 
 
4.1. Decomposition and analysis of stator   
       waveforms 

 
The waveforms corresponding to voltages and currents 
from the stator phases were decomposed into 40 
harmonics. Fig. 3 depicts the harmonic content of the 
voltage from phase no. 1 and Fig. 4 depicts the 
harmonic content of the current through the same phase.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig. 3.  Harmonic content of voltage u1 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.  Harmonic content of current i1 
 
In both cases the initially decomposed signal was 
reconstructed using its harmonics up to the 40-th order. 
Each time there were revealed small differences 
between the initial values and those obtained after the 
reconstruction. The quality parameters of the phase 
quantities are reproduced by Table 1 and Table 2. 
 

Quality parameter Phase 1 Phase 2 Phase 3 
RMS value [V] 13 854 13 627 13 853 
Peak factor 1.39 1.38 1.39 
Shape factor 1.087 1.086 1.088 
UTHD 4.61 4.63 4.31 

Table 1: Quality parameters for phase voltages of main 
generator stator 

 

Quality parameter Phase 1 Phase 2 Phase 3 
RMS value [A] 5 122 5 033 5 264 
Peak factor 1.42 1.42 1.42 
Shape factor 1.096 1.095 1.096 
ITHD 2.50 2.93 2.32 

Table 2: Quality parameters for phase currents of main 
generator stator 

Based on the 40 harmonics decomposition, using the 
equations (2), (3), (4) we determined the quality 
parameters for the voltages and currents waveforms. The 
analysis of these quantities proves that the currents 
distorting is less visible than that corresponding to 
voltages (the total harmonic distortions for voltages had a 
minimum value UTHD3 = 4.31% and respectively a 
maximum value UTHD2 = 4.63%). In the case of currents, 
the total harmonic distortions vary from a minimum value 
of 2.32% (ITHD3) to a maximum value of 2.93% (ITHD2). 
The deviation from 1.41  (corresponding to the peak 
factor in the sine case) for every phase voltage peak 
factor is lower than the same set of deviations 
corresponding to phase currents. The shape factors for 
phase voltages present higher deviations from the ideal 
value of 1.1  (sine case) as compared to the shape factors 
corresponding to currents.  
All these clearly prove the fact that the power system has 
a strong influence over the main generator from the 
electro-energetic group. Even though the voltages at 
generator terminals present higher distortions, owing to 
the power system, the currents flying through the stator 
phases present a lower distorting degree. This means that 
actually the main cause of the phase voltages distortions 
is an internal problem of the main generator. 
The analysis of powers (computed with the relations 
(5)…(10)) reveals that:  

- the phases total active power was Pc=212.25 MW, 
whereas its directly determined experimental 
counterpart was Pm=212.21 MW; 

- the phases total reactive power was Qc=5.731 
MVAr, whereas its experimental counterpart (directly 
determined) was Qm= 0 MVAr. 
The revealed differences (although not significant) 
between the computed powers and the experimental 
ones prove that there are flows of reactive powers 
from the generator toward the power system along the 
superior harmonics. The surplus of the power 
delivered by the generator in this case along the 
superior harmonics is not properly taxed. 
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4.2. Decomposition and analysis of waveforms for 
rotor 
 
a) Decomposition and analysis of waveforms at the 
auxiliary generator 
 
The waveforms corresponding to voltages and 
currents from the stator phases at the auxiliary 
generator were decomposed into 40 harmonics. Fig. 
5 depicts the harmonic content of the voltage from 
phase no. 1 and Fig. 6 depicts the harmonic content of 
the current through the same phase. In both cases the 
initially decomposed signal was reconstructed using its 
harmonics up to the 40-th order. Each time there were 
revealed small differences between the initial values 
and those obtained after reconstruction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Fig. 5.  Harmonic content of voltage u1 for auxilliary 
            generator 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6.  Harmonic content of current i1 for auxilliary 
            generator 

 
The quality parameters of the phase quantities, 
computed with the equations (2)-(4) are in Table 3 and 
Table 4. 
 

Quality parameter Phase 1 Phase 2 Phase 3 
RMS value [V] 419 416 418 
Peak factor 1.51 1.52 1.54 
Shape factor 1.126 1.112 1.133 
UTHD 18.69 18.53 25.49 

Table 3: Quality parameters for phase voltages of 
auxiliary generator stator 

 
Quality parameter Phase 1 Phase 2 Phase 3 
RMS value [A] 1 356 1 360 1 320 
Peak factor 1.38 1.28 1.28 
Shape factor 1.196 1.192 1.207 
ITHD 28.23 28.22 27.43 

Table 4: Quality parameters for phase currents of 
auxiliary generator stator 

The analysis of the quality parameters of the phase 
quantities revealed the following: 

- the voltages shape factors present small deviations 
from the ideal case (the shape factor is minumum for 
the phases 2 (1.112, being as high as 1.12, whilst for 
the 3-rd phase has a value of 1.133). In the same time, 
these factors present more significant deviations from 
the ideal value (that is 1.11) in the case of currents 
absorbed from the auxiliary generator by the rectifier 
fully controlled with thyristors (the shape factor is  
minimum for the 2-nd phase (1.192), whilst for the 3-
rd phase it has a maximum value of 1.207;  
- the voltages peak factors are generally higher than 
1.41 (between 1.51 – for the first phase  and 1.54 – for 
the third phase), whilst the currents peak factors are 
lower (a minimum is detected for the 2-nd and 3-rd 
phase, that is 1.28 and a maximum is detected for the 
1-st phase, that is 1.38), fact that proves that the 
voltages are closer to the sine shape, even though some 
glitches can be noticed; 

- the total distortions of the phase voltages and 
respectively of the phases currents are similar, but, if 
the voltages present a wider harmonic spectrum, the 
harmonic spectrum in the currents case presents 
significant weights for the following harmonics: 
5,7,11,13,17,19. The significant weights of current 
harmonics corresponding to low orders (those of order 
5 and 7 presents together weights of over 10% from 
the fundamental harmonic) has a certain influence over 
the operation of the entire electro-energetic group. 
The voltages wider harmonic spectrum can be caused 
by a non-symmetrical operation within the main 
generator stator, that should be transmitted to the 
auxiliary generator through the reaction magnetic flow 
from the air-gap.  
 
b) Decomposition and analysis of waveforms after 
the fully-controlled rectifier with thyristors 
 

The harmonic decompositions of the excitation 
voltage and current (on the d.c. side) are depicted by 
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Figures 7 and 8. These figures depict both the recorded 
signals and respectively the harmonic decompositions 
of voltage and curly current – after the fully-controlled 
rectifier with thyristors. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7.  Harmonic content of excitation voltage 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8.  Harmonic content of excitation current 
 
The values of the d.c. components after the rectifier 
were: Uex0=213.82V; Iex0=1704A. In exchange, the 
RMS values of excitation voltage and current 
(considering the d.c. components too) were: 
UexRMS=319V; IexRMS=1707A.  
The presence of some pulses in the auxiliary generator 
phase voltages and currents, probably caused by the 
non-synchronous control of thyristors from the fully 
controlled rectifier, leads to the apparition of some 
even harmonics, multiple of 6 in the rectified voltage 
waveforms. Therefore the difference between the d.c. 
value of the excitation voltage and its RMS value is 
significant. Moreover, the total active power of the d.c. 
components after the fully controlled rectifier was 
Pex0=371kW, whereas the total value of the active 
power after the rectifier was Pextotal=363kW.  

This difference proves an inverse flow of active 

power from the main generator toward the auxiliary 
generator.  

5. CONCLUSIONS 

The  analysis  of  recordings  and  of  subsequent  
numerical processing for the electric nature quantities 
(voltages, currents, powers) revealed some significant 
conclusions. 

A. The connecting of the generator from the 
electro-energetic group to the European power system 
have the following effect: at system level, the voltages 
(considering the energetic consumptions for this 
period) approach the sine shape.  

For significant loads of the synchronous generator 
(as the case presented by the paper), within the main 
generator stator can flow currents with significant 
harmonic weights. These harmonic currents can be 
caused by a non-symmetric operation of the generator, 
due to the excitation winding of the main generator (a 
possible fault between its loops) [7], [11]. 

B. The useful absorbed active power, transmitted 
from the auxiliary generator toward the main generator 
rotor is lower than the total active power of the d.c. 
component. This leads to the conclusion that, under 
harmonic regime, there is an inverse circulation of 
powers from the main generator toward the auxiliary 
one. Practically the fully-controlled rectifier behaves 
like a power converter: receives active power along the 
d.c. component and returns a part of it toward the 
auxiliary generator (along the harmonics). This power 
circulation (that is inverse from the power flow) can 
also explain the high harmonic content from the 
auxiliary generator stator [12].  

C. Even though outside the electro-energetic group 
there aren’t any problems, the internal distorting 
problems (local to the electro-energetic group) and the 
power flows from inside the group can lead to 
windings insulations faster ageing processes as well as 
to the fully-controlled rectifier reliability decrease. 

D. The analysis of waveforms together with the 
correct determination of the power flows over the 
fundamental harmonic and respectively over all 
harmonics, along with other experimental 
determinations might provide indications on the 
operation of the electro-energetic group as a whole and 
respectively on each component, separately. It can also 
be used as a diagnosis method for some components 
from the electro-energetic group. 
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