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Abstract — In this paper, the author studies on the improving power quality of DVR compensation based on hybrid control 
strategy. The Dynamic voltage restorer has been successfully optimized by using a control technique which is basically a 
combination of PWM-based control technique, dq0 transformation technique, and PI controller. This dynamic voltage restorer was 
obtained after three steps that were carried out solely to optimize the DVR for this research purpose. The results of simulations 
performed under four different voltage quality problems prove the high efficiency and effectiveness of this dynamic voltage 
restorer having an improved control circuit. 
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I. INTRODUCTION 

An electric power system is needed to supply electricity 
to customers with reasonable continuity and adequacy as 
economically as possible. The system reliability can be 
increased with an increase in investment in the planning and 
operating phases by improving the existing system and 
development of new infrastructure. However, over-
investment can result in non-economic operation of the 
power system such as higher operating costs which must be 
reflected in the tariff structure. The finite economic 
constraint will be infringed even though the system itself 
may have less failures and hence better supply. The other 
end is under-investment in the system which will have the 
opposite effects. It is evident that the continuity and 
economic constraints can compete. Power system reliability 
analysis can help determine the balance between economy 
and continuity and provide the customers with an 
economical and reliable supply of electricity [1]. 

The investments related to the reliability of an electric 
system need to be evaluated in terms of their cost/benefit 
implications. This form of analysis is referred to as reliability 
cost/worth analysis and it helps to determine the balance 
between investment and reliability of the system. There have 
been many techniques and suitable criteria developed for 
better power system reliability evaluation over the last few 
decades [2-4]. These techniques can be broadly categorized 
into deterministic and probabilistic methods. Deterministic 
techniques for reliability assessment were implemented the 
earliest and some of them are still prevalent today. However 
due to the stochastic nature of the system behavior, customer 
demands and component failures, deterministic techniques 
cannot incorporate these uncertainties. 

Probabilistic techniques involve both the severity of an 
event and the probability of its occurrence for power system 
reliability evaluation. These techniques have been developed 

widely and implemented in the areas of design, planning and 
maintenance with the enhancement of computing resources 
and availability of suitable reliability data [5]. The 
procedures and techniques described in this thesis for 
reliability assessment are probabilistic in nature. 

Most conventional analytical techniques are based on the 
minimum cut set approach, the failure mode and effect 
analysis (FMEA), and the network equivalent technique. For 
a distribution system, which consists of a wide variety of 
components and a large number of load points connected in 
complex configuration and operating in different modes, it is 
a quite tedious procedure to determine minimal cut sets for 
each load point and each contingency, and the list of basic 
failure events using FMEA can also be very lengthy. A 
minimal path technique of complex distribution system 
reliability evaluation has been proposed to simplify the 
analytical process [6]. 

It is, however, very difficult to determine the network 
equivalent of a sub-feeder when service restoration strategy 
are included. It operates at widely divergent levels of 
analysis [7-8]. It is capable to mitigate the voltage sags, 
swells, phase jumps and harmonics by injecting very low 
active power and the usage of low value of DC battery 
proves its cost effectiveness as DC battery is the most 
expensive part of DVR, the higher the value of DC battery 
the expensive it would be. So by enabling the DVR to 
compensate voltage quality problem using low value DC 
battery it not only compensate the quality problems near to 
perfection but also improve cost effectiveness of DVR. 

II. THE FRAMEWORK OF DYNAMIC VOLTAGE RESTORER 

Voltage sag is defined as a reduction in Root Mean 
Square (RMS) value of voltage to between 0.1 and 0.9 Per 
Unit (PU) for time duration of between half a cycle and less 
than 1 minute [4]. In other words, if the value of voltage falls 
below 90% of its nominal value for less than a minute, then 
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this fluctuation would be called as a voltage sag or dip. It is 
mainly caused by recurrent power system errors in the 
transmission and distribution level. The typical voltage sag 
for single phase and three phase voltages are shown in figure 
1 and 2 respectively. 

According to the studies done in the field of power 
disturbances, voltage sags are found to be the most frequent 
type of disturbance in electrical power. Their impact on 
sensitive loads and equipment is severe. The impact includes 
disruption to the load and extensive economic losses. 

It is identified that majority of voltage sags are occurred 
due to short-circuit caused by insulation failures, line faults 
due to lightning, or other natural causes. Most of the 
problems that occur in the power systems are due to the 
switching of the loads like induction motors. The voltage 
related problems in a distribution network are harmonics, 
unbalances and sag/swell. In a nutshell following are few 
reasons which can lead to voltage sags. 

1 .Rural location remote from power source 
2. Unbalanced load on a three phase system 
3. Switching of heavy loads 
4. Long distance from a distribution transformer with 

interposed loads 
5. Unreliable grid systems 
6. Equipment not suitable for local supply 
The Problem of voltage sag can be analyzed using a 

model of voltage divider as shown following figure 3. 
Dynamic Voltage Restorer is configured of the following 

parts and components. 
1) Converter: The converter used in DVR is most likely a 

Voltage Source Converter (VSC), which converts DC from 
the DC-link/storage to AC-voltages through the Pulse Width 
Modulation (PWM) which is injected into the system. VSC 
is mainly a switching device consist of power electronics 
switches such as a Metal Oxide Semiconductor Field Effect 
Transistor (MOSFET) or an Insulated Gate Bipolar 
Transistor (IGBT) that serves to convert the voltage source.  

2) Line Filter: The line-filter is basically an ordinary type 
of filter having capacitor inside; it is inserted in the DVR in 
order to reduce the switching harmonics that are generated 
by voltage source converter. 

3) Injection Transformer: Injection transformer is used in 
DVR to ensure the galvanic isolation as protection 
equipment. These transformers as specially designed to make 
certain the limitation of coupling of noise and transient 
energy from one side to transformer to the other side, i.e. 
from primary to secondary side. In a nutshell, this 
transformer isolates the load from system. This is basically a 
prevention of high-frequency noises and transients from 
reaching the load, and any noise generated by load and 
transients can be kept from reaching the rest of the system. 

4) Energy Storage: The most expensive component of 
dynamic voltage restorer is Energy storage device; therefore 
it is necessary requirement to use an optimized compensation 
strategy at which DVR can operate with minimum storage 
requirement. Energy storage is used by the voltage source 
converter to convert in to AC Voltage in order to compensate 
the voltage sags. The power that is injected by DVR directly 
comes from the storages. 

5) DC-Link: Voltage Source Converter uses DC-link 
voltage for synthesizing an AC voltage into the grid and the 
injection of active power is needed for restoring the supply 
voltages during a majority of voltage dips. 

6) Control Circuitry: The control circuitry of the DVR, 
configured of general configuration, normally consists of 
hardware having programmable logic. Normally the control 
circuitry consisted of Digital Signal Processing (DSP) boards 
in past DVR development. Controls such as correction and 
detection are provided by the software on the DSP board. For 
these purposes filters are usually used. There are many types 
of filter algorithm, the type ranges from the Fourier 
Transform, the Phase-Locked Loop (PLL), to the Wavelet 
Transform (WT). 

7) By-pass Equipment: The main job of this equipment is 
to ensure a by-pass path for the current during fault or 
overload situations. 

The block of the components of Typical Dynamic 
Voltage Restorer (DVR) is shown in figure 4 below. 

Electricity networks will continue to be a critical part of 
our energy infrastructure, and we have the responsibility to 
ensure that they are developed consistently and in a manner 
that meets future demands of society and customers. The 
process of network development should be directed towards 
a long term vision aligned with the expectations of the 
present and future customers. The main problem faced by 
electric power utilities in developing countries today is that 
the power demand is increasingly rapidly where supply 
growth is constrained by scarce resources, environmental 
problems and other societal concerns. This has resulted in a 
need for more extensive justifications of the new system 
facilities, and improvements in production and use of 
electricity. System planning and operation based on 
reliability evaluation approach provides an opportunity to 
justify one of the scrutinized and vulnerable economic 
sectors. It is with this objective to conduct customer surveys 
to find out the outage cost of interruptions. The analysis of 
the customer failure statistics reveal that the distribution 
system makes highest individual contribution to the 
unavailability of supply to the customer. As of now, no 
sufficient technical research have been carried out in the 
distribution network, it may be due to lack of technical 
expertise in the Utility. 

 

 
Figure 1. Typical Voltage sag for single phase 
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Figure 2. Typical Voltage sag for 3-phase system 

 
Figure 3. Voltage divider model for voltage sag 

 
Figure 4. Block Diagram of components of typical DVR 

III. THE DVR ALGORITHM 

The leading impendence for a LV load is most likely the 
low voltage line voltage and impedance of distribution 
transformer. The increase in impedance faced by the load can 
be considerable while protecting a large MV load close to the 
DVR. Inserting one high rated DVR at the MV level has 
certain advantages: 

The increased impedance inserted with a DVR seen by a 
LV load can be relative small if a large DVR is placed at the 
MV level. The MV distribution systems consist of a three 
wire system with isolated or inductor grounded system the 

injection of positive and negative sequence system is 
sufficient and a simpler DVR topology and hardware can be 
used. The costs per MVA to protect are expected to be lower 
if one large central DVR is located at the medium voltage 
level instead of decentralized low voltage units 

The mean square value of noise voltage 
2
TU  depends on 

the temperature of the material and has the following 
relationship: 


f

f
T dffRKTU
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Where, K is the Pohl Seidman constant. 
In the simple case of pure resistance, R is independent of 

frequency, and the output of thermal noise depends on the 
absolute temperature of the material and the actual frequency 
band △f = f2-f1. So the Equcation1 changed to:  

2 4TU KTR f                       (2) 
The corresponding mean square value of noise current is 

as following: 
2 2 2/ 4 /T TI U R KT f R             (3) 

As shown in the equation 2 and equation 3, the factor 
affecting the detection parameter is T and the bandwidth of 
detection circuit. So the thermal noise of paralleling RC 
circuit is as shown in equation 4: 

14T eU KTR f                      (4) 

OAC can be obtained by the following equation 5: 
OAC=U2/U1                                   (5) 

IV. RESULTS AND DISCUSSION 

As modeling a dynamic voltage restorer is much more 
complex than to model other electrical power circuits like 
generation plants, inverters, converters etc, so it was not less 
than a milestone to model a dynamic voltage restorer in 
Simulink / Matlab because of its multipart circuitry, which 
consist of many parts like generation part, control part, 
voltage source converter's part, and injection transformer's 
part, and because of very limited amount of data present on 
Internet about the modeling of a Dynamic voltage restorer. 
The design and modeling of each part of test system as well 
as dynamic voltage restorer is described below. 

A test system was modeled and designed solely for this 
research purpose in order to test the performance of Dynamic 
voltage restorer. The generation side of test system was 
composed of Three-phase programmable voltage source with 
the job of providing AC voltage. 'The programmable voltage 
AC source is capable of generating voltage sags, voltage 
swell, phase jumps and harmonics based on the parameters 
and characteristics being selected. 

For this thesis the power generation side was set to be 
13kV with the frequency of 50Hz. This value is the nominal 
voltage value of generating system. This voltage is the fed to 
the transmission line through a transformer. The transformer 
used here as the intermediate is basically a step-up Y/△
transformer with the transforming ratio of 13/115kV The 
transmission lines followed by step-up transformer are 
represented as three-phase series RLC branch so that the 
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resistance and inductances of real transmission lines cannot 
be ignored. The transmission lines carrying 115kV further 
feed the distribution network through a step-down 
transformer connected in 0/Y configuration, and with the 
transforming ratio of 115/11 kV So for this system 1 p.u. is 
considered to be 11 kV 

This paper includes all the results obtained after 
simulating the implementation of Dynamic voltage restorer 
in the test system under different voltage quality problems. 
The results of simulation of each of the three control 
schemes of DVR, designed in this research work, are 
discussed and compared in here. Within all power quality 
problems, four main problems are considered in this research 
work which is voltage sags, voltage swells, phase jumps, and 
voltage harmonics. The test system designed here is capable 
of producing these voltage quality problems. The effects of 

these voltage quality problems on the test system has been 
monitored along with the performance of dynamic voltage 
restorer as a response of these problems on all three designed 
DVR control schemes. 

The control scheme of dynamic voltage restorer during 
first stage of optimization includes a simple PWM-based 
control technique. The control system is simplest one, it only 
measures the root mean square (rms) voltage at load point 
and compares that with the reference voltage and no reactive 
power measurement is required. The results of simulation of 
DVR having such control circuit under different voltage 
quality problems are described below. Figure 5 shows the 
result of source voltage during sags. Figure 6 shows the 
result of load voltage during sags while figure 7 shows the 
result of voltage injected by DVR in response to sags.

 

 

Figure 5. Source Voltage during Sags 

 

 
Figure 6. Load Voltage during sag 

 
Figure 7. Voltage injected by DVR in response to sag 

V. CONCLUSIONS 

In this paper, the author studies on the improving power 
quality of DVR compensation based on hybrid control 
strategy. The Dynamic voltage restorer has been successfully 
optimized by using a control technique which is basically a 
combination of PWM-based control technique, dq0 
transformation technique, and PI controller. It is capable to 
mitigate the voltage sags, swells, phase jumps and harmonics 
by injecting very low active power and the usage of low 
value of DC battery proves its cost effectiveness as DC 

battery is the most expensive part of DVR, the higher the 
value of DC battery the expensive it would be. 

For a distribution system, which consists of a wide 
variety of components and a large number of load points 
connected in complex configuration and operating in 
different modes, it is a quite tedious procedure to determine 
minimal cut sets for each load point and each contingency, 
and the list of basic failure events using FMEA can also be 
very lengthy. This dynamic voltage restorer was obtained 
after three steps that were carried out solely to optimize the 
DVR for this research purpose. The results of simulations 
performed under four different voltage quality problems 
prove the high efficiency and effectiveness of this dynamic 
voltage restorer having an improved control circuit. 
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