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Abstract-This paper focuses on voltage unbalanced 

associated with power systems, their causes and negative 

impacts, a review is done on existing work. A brief 

description of the techniques to reduce the voltage unbalance 

effect in LV distribution grids with the use of distributed 

generation (DG) and three phase PV systems is given. 

Voltage unbalance effect is modified by these methods, 

applicable in different fields with variable single phase and 

three phase inverters inclusion in an actual LV grid. Also, 

overvoltage effect is reduced. 
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I. INTRODUCTION 

An electric power system is a network which uses 
electrical components for transfer, supply and use of 
electric power. The power systems or grid can be divided 
into the generators, transmission system and the 
distribution system that supply the electricity to nearby 
housing complexes and industries. The grid composed of 
three phases that carry three voltages and current signals 
with equal magnitudes and separated by a phase difference 

of 1200• If either or both of these conditions are not met, 
than the condition of ''unbalance'' arises. Most of these 
systems employ three phase AC power as the standard 
large scale power transmission and distribution across the 
modern world. The most common reason for voltage 
unbalance is single phase loading. The voltage unbalance 
mainly arises due to either voltage or current asymmetry 
or simultaneous asymmetry of both voltage and current. 

This paper presents a survey on the techniques to 
mitigate voltage unbalance in power systems, which are, 
distributed generator technique and using three phase PV 
systems. The distributed generator is a new technique of 
keeping a symmetrical voltage system which is running 
under asymmetrical conditions. The relation between power 
quality and DG is also discussed. The method which uses 
reactive power control in three-phase PV inverters to solve 
voltage unbalance is also explained. This is based on the 
idea to inject reactive power in each of the three phases 
where each phase is independently controlIed. 

The remaining paper is structured as follows. Firstly, 
voltage unbalance definitions, causes and negative impacts 
are presented in Section 11. A detailed description of the 
two methods used to mitigate voltage unbalance is 
discussed in III. Section IV shows the simulation and 
results. The paper is concluded in Section V. 
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11. THE VOLTAGE UNBALANCE 

A. Definition 

The voltage unbalance can be explained with the help 
of three different definitions provided by different 
standards [1]. Firstly, the National Electrical Manufactures 
Association (NEMA) [2] defined the line voltage 
unbalance rate (L VUR), as folIows: 

LVUR(%) = 
max.voltage deviation [rom avg.Une voltage 

X 100 
avg .Une voltage 

(1) 

Secondly, the power community provides voltage 
unbalance factor (VUF) [1]. This factor is known as the 
International Electro technical Commission (1EC), 
definition for unbalance [3]. 

V
UF(%) = negative sequencevoltagecomponent 

X 100 (2) 
posItIve sequence voltage component 

Lastly, IEEE defines voltage unbalance on the basis 
of phase voltages instead of defining it for line-to-line 
voltages. The phase voltage unbalance rate (PVUR) is 
defined as follows [4]: 

PVUR(%) = 
max.voltage deviation [rom avg.phase voltage 

X 100 (3) 
avg.phase voltage 

All the three voltage unbalance defmitions given by 
communities are related to each other which is given in 
several studies [5,6]. The paper in [7] proposes more new 
unbalance definitions. The outcome of detailed analysis 
and study, PVUR is the definition which provides highest 
unbalance ratio [8]. Therefore, PVUR unbalance 
definitions using methods are used. 

B. Causes of the Voltage Unbalance 

The voltage unbalance is caused by the following 
reasons: 

1. The parameters of transmission and distribution 
lines, generators are asymmetrically structured [3]. 
When the load on one or more of the phases is not 
same as on other(s), the unbalanced voltages will 
appear. 

2. The voltage drop across the impedance of system 
caused by current unbalance. 

3. Open delta connected transformer banks. 
4. The power transformer faults or grounds. 
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5. The unequal impedance in power supply wiring 
conductors. 

C. Negative Impacts of Voltage Unbalance 

The equipment use and efficiency is negatively 
intluenced by voItage unbalance on the load side which is 
explained as folIows: 

1. The rotating machine in presence of voItage 
unbalance resuIts in a reverse magnetic field, which 
resuIts in decrease of useful torque due to machine 
windings heating [3]. 

2. It also damages power supply wiring, transformers 
and generators. 

3. The unbalanced voltages across motor terminals 
causes phase current unbalance, 6-10 tirnes the 
percent voltage unbalance for a fully loaded motor. 

4. It also reduces torque capability. 

III. METHODS TO MlTIGATE VOLTAGE UNBALANCE 

A detailed description of two methods will be 
discussed in this section. 

A. Distributed Generator Technique 

The distributed generation (DG) is basically refers to 
the local generation of el ectri city, which is placed close to 
the point where the utilization of energy takes place. It is 
operated by independent power producers or consumers 
and is not centrally planned [9]. The connection ofDG to 
distribution grid helps to provide small power production 
units to the distribution network. Fig.l shows a LV 
distribution network supplying different customers [9]. 

The voItage system in Fig. 2 at the bus bar BO is balanced. 

BO BI B2 B3 B4 

Lua<.ll Luä<.l2 Lua<.l3 

Fig. 1: LV Publ ie System [91 

A new generator as shown in Fig. 2, which contains a 
central battery, three inverters and storage bank which can 
be individually controlIed is connected to the bus bar B3. 
As a result of it, the power injected in distribution system 
is generated, which assures the balance of voItage in 
power systems. 

BO BI B2 B3 

Fig. 2: LV Publie System with a Generation 

B4 

[2] 

The electrical lines are balanced on each phase with the 
impedances given as [9]. 

Z1 = 13.5 + j1.35, Z2 = 10.8 + jl.08, and Z3 = Z4 = 
5.4 + jO.54. 

B. Using three Phase System 

The reactive power control in three phase balanced 
networks is used to regulate the level of voltage [10]. The 
main idea which is deployed here is to deduce the 
interaction between voltage level and reactive power flow 
to each phase independently to each other in a three-phase 
balanced network [8]. The reactive power is injected in 
those phases for which voItage magnitude is below the 
average value and therecative power is absorbed in those 
phases for which the voItage levels higher than the 
average. This can be independently controlled as shown in 
Fig. 3. Also, Ua, Vb, Uc and Uavg represents the phase 
voItages of phase a, b, c and the average value of the three 
phase voItages and Qcmd a, Qcmd b, Qcmd c represents 
the calculated reactive powers that is injected into phase a, 
b and c respectively[8]. 
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Fig. 3: The Control System Seheme 

The voItage magnitude and PVUR ratio in each phase 
is measured by three phase inverters. When PVUR value 
surpasses 2% standard EN 50160 [10], then the control 
system is activated. When system is operating under 
overvoItage conditions, the inverters are disconnected and 
voItage unbalance mitigation is achieved [8-11]. 

IV. SIMULATION RESULTS 

The power tlow computation in distributed generator 
technique is performed in MATLAB. Following 
waveforms are shown, which shows the four cases, named 
as, Balanced loads without DG, Balanced loads with DG, 
Unbalanced loads with and without DG respectively. 

In first case, all loads are balanced, L1 = 24 + j10.2, 
L2 = 21 + j9,L3 = 30 + j12.6. This results in balanced, 
line current and voItages with different r.m.s values as 
shown in FigA. In case 2, voltages are balanced and their 
r.m.s value will be equal to the rated voltage as shown in 
Fig.5 [9]. In third case, all loads are unbalanced which 
resuIts in unbalance of the line currents and voItage 
unbalance, as shown in Fig.6. In case 4, the generator at 
the bus bar B3, are controlled in such a way, that voItage 
unbalance is removed at that point. Waveforms are shown 
in Fig. 7 [12]. 
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Fig. 4: Balaneed Loads Voltage and Current Waveforms without 
Distributed Generators [9] 

Fig. 5: Balaneed Loads Voltage and Current Waveforms with Distributed 
Generators [9] 

Fig. 6: Unbalaneed Loads Voltage and Current Waveforms without 
Distributed Generators [9] 

[3] 

Fig. 7: Unbalaneed Loads Voltage and Current Waveforms with 
Distributed Generators [9] 

V. CONCLUSION 

In this paper, a review of voltage unbalance in power 
systems is done. The unbalance definition causes and 
negative impacts are included in this paper. The distributed 
generators come out to be a useful tool for mitigation of 
voltage unbalance in power systems. They find there usage 
as an important tool in improving the security of energy 
supplies, which decreases the dependency on the fossil fuels. 

There are further associated additional benefits like 
avoidance of overcapacity, reduction of grid losses and 
reliability improvement, etc. The use of another method 
reactive power control given in the paper, voltage unbalance 
ratio was remained under 2% which allows single phase 
solar inverters increased penetration. The studies and 
research are been carried out to improve the effect of 
reactive power injection, and to improve mitigation of 
voltage unbalance. 
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