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Abstract— Nowadays, various issues related to bad quality of 

generated power come across the distribution system. Some 

of the examples that represent the poor quality of power are 

poor power factor, load connected with three phases remain 

unbalanced, voltage dip and distortion because of 

introduction of harmonics in the signal. In order to produce 

reliable distribution power quality, DVR and IDVR can be 

implemented in the network. It implements the voltage 

boosting technique by connecting the solid state switches in 

the parallel to compensate the voltage dips in the network. 

The author focuses to the issue of harmonic distortion in DVR 

and IDVR, in order to perform Harmon is distortion 

mitigation; this study introduces a proposal technique in 

which the IDVR is implemented. The objective of applying 

IDVR is to replace the traditional DVR. As the IDVR 

comprises of two or more DVRs and it is found to be quite 

capable to handle the sensitive load. In this manner the 

voltage sag can be mitigated. The proposed models are also 

defined by the author. 

Key words: Distributed Power System, DVR, IDVR, Total 

Harmonic Distortion 

I. INTRODUCTION 

With the improvement in automation sector in modern 

industries and deregulations, the parameters required to 

maintain the power quality has been altered. If there is any 

kind of variation in line voltage as compared with ideal 

sinusoidal waveform, then it will also affect the drive 

converters along with the computer and process control 

appliances. The usual issues that can be raised are Voltage 

sags, distortion in the signal sue to presence of harmonics; 

flicker and non-continuous power supply [1]. 

 The distributed electric system is considered as a 

part of electric system. It is placed among power sources and 

customer’s service switches. The power sources are deployed 

near by the load which is distributed by the distributed power 

system or power generation system in which the power is 

transmitted over transmission lines [2, 3]. Generally, the 

power distribution system can be categorized into six 

categories i.e. sub transmission circuit, Distribution 

transformation, distributed substations, distributed 

transformers, primary feeders, secondary circuits, customer’s 

settings [4]. The distributed power systems suffer from the 

issue of voltage sag or swell. Traditionally the mechanical 

tools were used to manage the industrial processes that were 

less prone to the voltage disturbances [5]. But the equipments 

that are used now days are found to be more sensitive 

equipment and these equipments also requires the high 

voltage supply without any ripples and disturbance to the 

transmission. Thus the highly sensitive nature of these 

devices leads to the disturbance problem which is known as 

voltage sag [6]. There are many reasons due to which voltage 

sag happens to the distributed system. Some of the major 

causes of voltage sag are short circuits in transmission line, 

opening and closing of circuit breakers, inappropriate 

weather, pollution, initialization of motor etc. The effect of 

voltage sag is highly observed on more sensitive equipments 

such as PLC, adjustable drivers etc. [7]. 

 Voltage sags are referred as the major problem that 

occurs frequently in a power control system [8]. The voltage 

sag is set only by using two major parameters such as depth 

and duration. The magnitude in the voltage sag ranges from 

10% to 90% of the nominal voltage. In a 3 Phase system, 

voltage sag is the 3 phase process by nature and it has an 

effect on phase to ground and phase to phase voltage [9]. 

 The active power filter is used for controlling the 

harmonics levels. It uses power electronic components which 

cancel the harmonic components from the nonlinear loads. 

The active power filter uses voltage source inverter to make 

harmonic control possible [10]. 

 The Dynamic Voltage Restorer is connected in 

series with the load via a series-injection transformer. The 

Dynamic Voltage Restorer (DVR) is a power electronic 

device that is used to inject 3-phase voltage in series and in 

synchronism with the distribution feeder voltages in order to 

compensate for voltage sag. The proposed method is simple 

and effective in extracting fundamental and harmonic current 

information from harmonic load currents. The extracted 

fundamental or harmonic currents therefore can be used as 

the reference signals for power quality improvement 

applications such as harmonic cancellation or reactive power 

compensation. Michael John Newman [12], the typical 

voltage injection capability of a DVR is in the range of 50%. 

Hence, to compensate for harmonics as low as 1% (or lower) 

the system must operate at modulation depths of around 2%; 

but high magnitude and phase accuracy must still be 

maintained for the compensation to be effective. D.N. Katole 

[14], in case of unbalanced voltage sag, supply voltages 

contain negative and zero-sequence components, which 

result in non-dc (sinusoidal) d-q components. Under these 

conditions, the conventional proportional-integral (PI) 

controller fails to track the reference signal properly. Also, to 

minimize the harmonics, a passive LC filter is connected in 

shunt with the load but such arrangement has certain 

drawbacks. In majority of the existing controllers for DVR, 

zero-sequence component of voltage is not considered and 

hence only suitable for three wire distribution line. However, 

low-voltage distribution line in many countries are four 

wired. Consequently, the propagation of zero sequence 

component in unbalance sag effects the performance of 

controller. 
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II. PROBLEM FORMULATION 

With the advancement in the technology, power quality 

becomes important factor for the consideration in the power 

systems. The increased usage of non-linear loads, abrupt 

switching of heavy loads and line faults have flared up the 

power quality issues to greater extent. With the use of 

traditional systems, voltage sag remains constant. There are 

various causes due to which voltage sag happens. During 

unbalanced, sudden increase in load power quality issues like 

voltage distortions, sag/swell will arise due to this utility 

equipment’s may get damaged, so some external devices has 

to be used to compensate the issues. The voltage source 

inverter based dynamic voltage restorer is connected with 

three phase transmission line to compensate the variations in 

voltage like voltage sag/swell by injecting three phase voltage 

into the transmission line. This paper deals with an Interline 

Dynamic Voltage Restorer to compensate any harmonic 

distortion or disturbances that occur in a system caused by 

such power quality issues. The magnitude and phase angle of 

injected three phase voltage are variables which result in 

variable real and reactive power exchange between the DVR 

and transmission line to supply the sensitive load or the 

distribution system network. 

III. METHODOLOGY USED 

As it can be seen from the above section that DSTATCOM 

suffers from the issue of voltage sag, the proposed work 

developed an enhanced mechanism to overcome this issue. 

For this purpose the DVR is replaced by IDVR in proposed 

work. The IDVR is consisted of two or more than two DVRs 

that protect the sensitive load in various power distribution 

systems feeders originating from various grids based sub-

station networks. All of the DVRs in IDVR share the common 

DC link for communication. It facilitates the service to 

transmit the real power directly among two compensated 

lines, whereas the reactive power is controllable with the 

independent transmission line. In IDVR all the employed 

DVRs shares a common DC link. 

 The principle of DVRs is to compensate voltage 

sags by injecting appropriate voltages in series with the grid 

voltage. Many different system topologies for dynamic 

voltage restorer (DVR) are analyzed and tested. Three basic 

strategies namely the in-phase compensation, the pre-sag 

compensation and the energy-optimized (phase-advance) 

compensation, are studied in. These methods mostly 

concentrate on recovering the voltage sags to the desired 

voltage wave, but they have rarely considered the voltage 

harmonics in the same time. Conventional DVR schemes 

compensate both sag and harmonic with extra harmonic 

detection blocks to generate the reference injected harmonic 

voltage. 

IV. SIMULATION MODELS 

This study proposes an IDVR based DSTATCOM model to 

control the power generation by the distributed system. The 

model for propose work in Simulink are shown in this section. 

 The figure 1 depicts the Simulink model of 

traditional model which comprised of single DVR. In this 

model first of all the three phase source to generate the signals 

then the signals are passed to the three phase transformer in 

which the input signals are divided into two types of signals 

and further passed as an input to the three phase transformer. 

 
Fig. 1: Conventional Simulink Model of DSTATCOM with 

DVR 

 Here the DVR is implemented which boost up the 

voltage and the output signals are three phase RLC load. On 

the basis of this model, it is observed that the single DVR is 

not quite capable to boost up the voltage of the signals. 

 Figure 2 depicts the Simulink model for DVR. In 

DVR, there is a DC supply which generates the DC voltage 

and then a converter is applied to the DC voltage to convert 

it to the AC signals and then signals are transmitted to the 

IGBT inverter with four connectors out of which three are 

connectors and one is connected to the controller. 

 
Fig. 2: Simulink model of DVR 

 The Simulink model of DSTATCOM with IDVR is 

represented in figure 3. In this the three phase AC source 

voltage is linked with the three phase AC transformer by 

using the IDVR in order to boost up the voltage so that the 

voltage sag mitigation can be attained. The IDVR is 

comprised of two DVRs located opposite to each other as 

shown in figure 4. The employed DVRs are consisted of 

filters, capacitors, PWM IGBT inverter to manage the electric 

valves in three level voltage source inverters. 
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Fig. 3: Simulink Model of DSTATCOM with IDVR 

 
Fig. 4: Simulink Model of IDVR 

 Harmonic distortion in amplifier takes place when 

the amplifier requires high amount of voltage and power 

supply is not capable to serve that amount of voltage. Thus in 

this case a kind of distortion occurs in the signals and referred 

as harmonic distortion. The graph in figure 5 shows the 

signals with harmonic distortion and without IDVR system. 

The x axis in the graph shows the time that ranges from 0 to 

1 and the y axis in the graph depicts the values for harmonic 

distortion that ranges from 0 to 2000. The value of harmonic 

distortion in this case is 1900 approx. that is quite higher. 

V. SIMULATION RESULTS 

The results of simulink models are as shown below. The 

Figure 5 shows the magnitude of harmonic distortion when 

there is no DVR and IDVR. This graph shows the magnitude 

value of approximately 1900. This is quite large harmonic 

distortion present in the system. 

 
Fig. 5: Effect of Harmonic Distortion without IDVR 

 
Fig. 6: Effect of Harmonic Distortion with DVR 

 
Fig. 7: Effect of Harmonic Distortion with IDVR 

 The graph in figure 6 depicts the harmonic distortion 

of the system to some value near to 25. The DVR gives 

compensation to harmonic distortion but only to some value. 

The graph in figure 7 depicts the harmonic distortion of the 

system. In this work, the IDVR is implemented to overcome 

the effect of harmonic distortion to the signals. After 

implementing the IDVR, it has been seen that the harmonic 

distortion reduced and reached to the 0.8 and 0.9. Hence it is 

proved that the effects of harmonic distortion can be reduced 

by using the IDVR to the system. 

VI. CONCLUSION 

The voltage sag mitigation is the major and prominent topic 

for conducting the research under DSTATCOM. This study 

analyses the traditional DSTATCOM model with DVR and 

proposes a novel model with IDVR to boost up the voltage 

and to mitigate the voltage dip of the power generation 

system. Along with this the harmonic distortion is also 

reduced to a greater extent by using IDVR system. This study 

is a simulink work that introduces a mechanism to overcome 

the problem of voltage dip and harmonic distortion to the 

signals. On the basis of the Simulink models it is concluded 

that the present work can improve performance of the power 

generation system. 

 As this work only introduces the technique, thus in 

near future the present work can be implemented in order to 

evaluate the performance of the present study in terms of 

voltage, current and load. 
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