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ABSTRACT: This paper presents power quality study performed on the distribution low voltage 
building power system of Technical University of Gabrovo. The study includes measured 
waveforms, trends and parameters of the electromagnetic compatibility. The results are analyzed 
and compared with standards for evaluating the quality of power in the electrical distribution power  
systems of buildings. 
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INTRODUCTION 

Power quality has become an increasing 
concern for utilities and their electrical 
customers. In recent years, there is a growth 
and mass application of modern electronics 
such as computer power supplies, industrial 
logic controllers, variable speed drives, 
fluorescent and led compact lighting. While 
such devices are sensitive to the variation of 
the supply voltage, they are also a significant 
source for power quality disturbances. Due to 
their nonlinear nature, these loads inject 
harmonics’ currents into the power system 
and cause voltage harmonics distortion. There 
is need to understand how the disturbances 
affect sensitive loads. Harmonics can result in 
equipment additional heating, communication 
interference and control malfunctions. 
Voltage sags of only few cycles can cause 
loss of computer data or errors. Power 
systems designed to function at the 
fundamental frequency, which is 50 Hz in 
Bulgaria, are prone to unsatisfactory 
operation and, at times, failure when they are 
subjected to voltages and currents that contain 
substantial harmonic frequency elements. 

Very often, the operation of electrical 
equipment may seem normal, but under a 
certain combination of conditions, the impact 
of harmonics is enhanced, with damaging 
results. The increased concern for power 
quality has resulted in significant advance in 
monitoring and testing equipment that can be 
used to characterize disturbances and power 
quality variations. This paper presents a 
power quality study performed at the point of 
common coupling of the electrical low 
voltage building systems of the Technical 
University of Gabrovo.  
 
EC STANDARDS REGARDING 
ELECTRICAL POWER QUALITY 
AND ELECTROMAGNETIC 
COMPATIBILITY.  

 
The main question is: Besides distorting 

the shape of the voltage and current sinusoids, 
what other effects do harmonics cause? 

Since harmonic voltages are produced as a 
result of harmonic currents with frequencies 
considerably higher than the power system 



Annalsăofătheă„ConstantinăBrancusi”ăUniversityăofăTargu Jiu, Engineering Series , No. 4/2015 
 

19 
 

fundamental frequency, these currents 
encounter much higher impedances as they 
propagate through the power system than 
does the fundamental frequency current. This 
is due to “skin effect,” which is the tendency 
for higher frequency currents to flow near the 
surface of the conductor. Since little portion 
of the high-frequency current penetrates far 
beneath the surface of the conductor, less 
cross-sectional area is used by the current. As 
the effective cross section of the conductor is 
reduced, the effective resistance of the 
conductor is increased. This increased heating 
effect is often noticed in two particular parts 
of the power system: neutral conductors and 
transformer windings. Harmonics with orders 
that are odd multiples of the number three 
(3rd, 9th, 15th, and so on) are particularly 
troublesome, since they behave like zero-
sequence currents. These harmonics, called 
triple harmonics, are additive due to their 
zero-sequence-like behavior. They flow in the 
system neutral and circulate in delta-
connected transformer windings, generating 
excessive conductor heating. 

Measurement of Power quality (PQ) 
usually characterizes low frequency 
conducted electromagnetic disturbances. The 
possible range of disturbances that could be 
measured include transient overvoltages and 
transmission of signals (ripple control) on a 
power system: voltage dips and interruptions, 
harmonics and interharmonics, temporary 
overvoltages, swell, transient overvoltages, 
voltage fluctuations, voltage unbalance, 
power-frequency variations, DC components 
in AC networks, signaling voltages. It is not 
generally necessary to measure each type of 
disturbance. The types can be placed in four 
categories, affecting the magnitude, 
waveform, frequency and symmetry of the 
voltage.  

European standard EN 50160 gives the 
main characteristics of the voltage, supplied 
by the public distribution system, at the 
customer’s supply-terminals in public low 
voltage and medium-voltage electricity 
distribution systems under normal operating 
conditions. 

According to EN 50160, a voltage dip is a 
sudden reduction of the voltage supply to a 
value between 90% and 1% of the nominal 

voltage, with duration between 10 ms and 1 
minute. 

A supply interruption is defined as a 
condition in which the voltage supply is lower 
than 1% of the nominal voltage. The 
interruption is classified as a short 
interruption if its duration is less than 3 
minutes; otherwise the interruption is 
classified as a long interruption. 

A temporary overvoltage is an overvoltage 
of relatively long duration and a transient 
overvoltage as a short duration overvoltage 
with duration of a few milliseconds or less. 

Voltage dips and short interruptions have 
various causes: faults on the transmission 
(HV) or distribution (LV and MV) networks 
or on the installation itself. The occurrence of 
faults causes voltage dips for all users. From 
an economic point of view the dip frequency, 
i.e. the annual number of dips, is very 
important. When assessing the total annual 
dip related cost one has to find out how many 
dips are expected. Some rough estimation can 
be acquired from measurement over a shorter 
period. Another approach is to use stochastic 
mathematical methods for assessing more 
precise figures. 

 
UNIVERSITY LOW-VOLOTAGE 
ELECTRICITY SYSTEM 
DESCRIPTION. MASURMENTS 
RESULTS. 
 

Each one of the university buildings are 
supplied by different power transformers. 
Some of the power transformers are supplied 
in their high-voltage side at 10 kV and other 
at 20 kV. The secondary low-voltage rating of 
all the transformers is 400 V line to line.  

The transformers’ windings are star 
connected with directly grounded neutral at 
the low-voltage side and delta connected at 
the high- voltage side.   

Measurements are performed on a 10 kV 
transformer stations with university 
consumers. The latest state-of-the-art power 
network analyzers (HT Italia, supported by 
powerful mathematical software) are used for 
the measurements. Measurements are 
performed for periods of one week for each 
electrical customer, according to the 
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requirements of the standard EN 50160. Also 
all the measurements are done at the low-
voltage side (400 V) of the step-down 
transformers with a Power Quality Analyzer, 
manufactured by “HT Italia” in buildings 

where the power transformers are an 
exclusive property of the university. 

 The measurments’ duration has been fixed 
within the normatively required period of 168 
hours. 
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Figure 1. Measured phase currents and current trough the neutral for the period 23.12.14 - 06.01.15. 
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Figure 2. Active and reactive power consumed in the building for the period 15.01.15 - 21.01.15.  
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Fig. 1 shows the variation of the phase 
currents and the current through the 
transformer’s neutral for the period 23.12.14 
until 06.01.15. During this period, the 
university has been in a holiday. The 
significant uneven distributed phase loads 
cause an additional current flowing through 
the transformer’s neutral with a magnitude 
between 3 and 20A. 

Fig. 2 illustrates the variation of active and 
reactive power, consumed in the building for 
the period 15.01.15 until 22.01.15.  

In periods during the nighttime reactive 
power consumption is greater than that of the 
active power due to the new lighting system 
of the building. 
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Figure 3. Minimum, maximum and average currents flowing through the transformer’s neutral, 

measured for intervals of 15 min. during the period 15.01.15 – 21.01.15 
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Figure 4. Measured current harmonics in the transformer’s neutral during the period 15.01.15 – 

21.01.15 
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During the same period from 15.01.15 
until 22.01.15 (fig. 3)5 Fig. 3 illustrates the 
variation of the minimum, maximum and the 
average current through the neutral conductor, 
measured for time intervals of 15 minutes 
during the same period  - from 15.01.15 until 
22.01.15. 

Harmonic currents in the neutral in % and 
the current coefficient of total harmonic 
distortion (36.85%) for the period from 
15.01.15 until 22.01.15 are illustrated in fig. 
4. For better visibility the first current 
harmonic is given as 50%, but in the 
calculations it is assumed 100%. 
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Figure 5. Coefficient of total harmonic distortions regarding the three phase voltages during the 

period 29.01.15 – 5.02.15 
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Figure 6. Coefficient of total harmonic distortions regarding one of the phase currents during the 

period 29.01.15 – 5.02.15 
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The variation of the coefficient of total 
harmonic distortions regarding the three phase 
voltages is illustrated in fig. 5. The harmonic 
distortion of the respective voltage for the 
specified period does not exceed 1.6%. 

The total harmonic distortion regarding 
one of the phase currents (the chosen phase 
conductor supplies the lighting system of the 
university building) for the period 29.01.15 - 
05.02.15 is presented in fig. 6. During this 
period, this building has had intensive classes 
with part-time students. The values for the 
coefficient of total harmonic distortions in the 
current curve exceed significantly the 
permissible values in the standard EN 61000. 

During the test period between 29.01.2015 
and 05.02.2015 there are 5 voltage deviations 
below the required limits.  

One of the phase voltages have been 
fluctuated between 190,7 and 203,08 V for a 
time intervals between 0,05 to 0,07 seconds.  
 
CONCLUSION 
 

The recent paper presents power quality 
study, performed according to the EC 

standards EN 50160 and EN 61000. All the 
measurements have been made at the low-
voltage side of a building electrical 
distribution system by means of a power 
quality analyzer “HT Italia”.   
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