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Abstract
Power Quality is a major concern of our modern industries 
and other consumers. Poor quality of supply will affect the 
performance of customer equipment such as computers, power 
electronic devices etc. This paper discusses the mitigation of one 
type of power quality disturbance in distribution system using 
Dynamic Voltage Restorer (DVR) and D-STATCOM. Which are 
the most efficient and effective modern custom power devices 
used in power distribution networks. The control of the Voltage 
Source Converter (VSC) is done with the help of SPWM. In this 
paper three phase voltages sags and swells are mitigating with 
DVR and D-STATCOM are described. The results obtained by 
simulation using MATLAB confirmed the effectiveness of this 
devices in compensating voltage sags and swells with very fast 
response.
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I. Introduction
Electrical fault in a distribution network is almost impossible to 
avoid. Main causes for power quality disturbances may be due to 
insulation failure, tree falling, bird’s contact, lightning or a fault 
on an adjacent feeder. These disturbances may be in the form of 
voltage sag, swells, voltage imbalances, transients, interruptions 
and harmonics which can cause problems to the industries ranging 
from mal functioning of equipment’s to complete plant shutdowns. 
Such disturbances on a high voltage end in distribution feeder will 
propagate downstream to the low voltage ends where sensitive 
loads are Connected [1-2]. Out of these disturbances, Voltage sag 
and harmonics are considered as the major problems which can 
cause malfunctioning or tripping of equipment. A voltage sag 
condition implies that the voltage on one or more phases drops 
below the specified tolerance for a short period of time.
Faults at either the transmission or distribution level may cause 
transient voltage sag or swell in the entire system or a large part 
of it. Also, under heavy load conditions, a significant voltage drop 
may occur in the system. Voltage sags can occur at any instant 
of time, with amplitudes ranging from 10–90% and a duration 
lasting for half a cycle to one minute [3]. Further, they could be 
either balanced or unbalanced, depending on the type of fault and 
they could have unpredictable magnitudes, depending on factors 
such as distance from the fault and the transformer connections. 
Voltage swell, on the other hand, is defined as a sudden increasing 
of supply voltage up 110% to 180% in RMS voltage at the network 
fundamental frequency with duration from 10 ms to 1 minute [4]. 
Voltage swells are not as important voltage sags because they are 
less common in distribution systems.
To solve this problem, capacitors, reactive power compensators 
and voltage regulators were conventionally used. These techniques 
involve inherent drawbacks. With the advancement of power 
electronic devices these drawbacks can be overcome easily. To 
reduce a severity of power quality problems [19], mitigation 
devices can be placed in the transmission and distribution 

systems. The invention of various custom power devices [5, 
6] such as Distribution Static Compensator (D-STATCOM), 
Dynamic Voltage Restorer (DVR), and Unified Power Quality 
Conditioner (UPQC) can be used to solve the power quality 
problem in economical way than by using FACTS devices. The 
custom power devices are broadly classified into two categories 
namely series and shunt devices. DVR is connected in series with 
the system which is operates in voltage control mode and it is used 
to protect sensitive loads from sag/swell or disturbances in the 
supply voltage D-SATCOM is connected in shunt and operated in 
current control mode that eliminated harmonics and/or unbalance 
[10-12]. A better solution can be obtained by using both series 
and shunt devices together in the system. This thought results in 
the usage of multi-type custom power devices in the system for 
the improvement of power quality [13-15].
The organization of the paper is as follows. In section II, Description 
of DVR and, the description of D-STATCOM IS is discussed in 
section III, and the detailed description of MATLAB Simulation 
results along with its performance in electrical network in section 
IV conclusions are discussed in section V.

II. Dynamic Voltagerestorer
The block diagram of Dynamic Voltage Restorer (DVR) is shown 
in fig 1. A DVR is a custom power device used to eliminate the 
supply side voltage disturbances. The magnitude and phase of load 
voltage is maintained at nominal value by compensating the voltage 
sag/swell [7]. The dynamic voltage restorer is connected in series 
between the source voltage and sensitive load through injection 
transformer. The DVR is typically installed in a distribution system 
and the function of the restorer is to rapidly boost up the load-side 
voltage in the event of a disturbance in order to avoid any power 
disruption to that load.
The DVR is used to inject only the missing part ie. sag or swell 
voltages. The injection (booster) transformer, a harmonic filter, 
a Voltage Source Inverter (VSI) [20], DC charging circuit, 
controlsystem and protection system are the major components 
of DVR. 

Fig. 1: DVR Series Connected Topology

In most sag correction techniques, the DVR is required to 
inject active power into the distribution line during the period 
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of compensation [8]. The injection transformer is connected 
series between the supply side and load side voltages. The series 
Voltage Source Inverter (VSI) can generate a sinusoidal voltage 
at any required frequency, magnitude, and phase angle. The 
energy storage consists of a capacitor which gives dc input to 
the inverter. The inverter is responsible for converting DC to 
AC. It also ensures that only the swell or sag voltage is injected 
to the injection transformer. During voltage sag, the DVR injects 
a voltage to restore the load supply voltages [9].

III.  Distribution STATCOM (D-STATCOM)
D-STATCOM, which is schematically depicted in fig. 2  consists 
of a two level Voltage Source Converter (VSC), a dc energy 
storage device, a coupling transformer connected in shunt to 
the distribution network through a coupling transformer [16], 
[17]. Such configuration allows the device to absorb or generate 
controllable active and reactive power. The D-STATCOM has been 
utilized mainly for regulation of voltage, correction of power factor 
and elimination of current harmonics. Such a device is employed 
to provide continuous voltage regulation using an indirectly 
controlled converter [18]. In this paper, the D-STATCOM is used 
to regulate the voltage at the point of connection. The control is 
based on sinusoidal PWM and only requires the measurement of 
the rms voltage at the load point

Fig. 2: Schematic Representation of the D-STATCOM for a 
Typical Custom Power Application   

IV. Simulation Results
The performance of the DVR is demonstrated for three phase 
supply voltage disturbances such as sag in supply voltage. A case 
of Three-phase voltage sag is simulated and the results are shown 
in fig. 3(b) and 3(c).

Fig. 3(a) Supply Voltage of SPWM Based Voltage Sag Condition 
of DVR

Fig. 3(b): Injected Voltage of SPWM Based Voltage Sag Condition 
of DVR

Fig. 3(c): Output Voltage of SPWM Based Voltage Sag Condition 
of DVR

The voltage will be decreased to certain value for a duration of 0.5 
sec from t = 0.1 to 0.3 as shown in fig. 3  where the line voltage 
between two phases.The propsed DVR  responds to this  sag with in 
one cycle  and injects  the appropriate amount  of missing voltage  
during the sag event on detecion of voltage recovery ,the DVR 
switches off to keep conduction losses to minimum.
The simulation result of a system three phase voltages sags and 
swells with DVR is shown in fig. 3. It consists of (a) supply voltage 
(b) injected voltage. (a) output voltage. It is observed that during 
normal operation, the DVR is not operational. It quickly injects 
necessary voltage components to smoothen the load voltage upon 
detecting voltage sag.

Voltage Swell
The sudden removal of large loads or application of large capacitor 
banks may lead to transient voltage rise. This increase in voltage 
(swell) although not as common as sags, may lead to insulation 
failure of the equipment upon times. The DVR must respond to 
this disturbance as well.

Fig. 4(a) Supply Voltage of SPWM Based Voltage Swell Condition 
of DVR

Fig. 4(b): Injected Voltage of SPWM Based Voltage Swell 
Condition of DVR 
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Fig. 4(c): Output Voltage of SPWM Based Voltage Swell Condition 
of DVR 

The transient performance of the system under swell conditions 
is shown in fig. 5. In swell condition the voltage is increased to 
certain level for 0.1 sec from t= 0.3  as shown in fig. 5. The line 
voltage between two phases is shown, where the DVR responds 
by injecting voltage 180 degrees shifted in phase, such that the 
resultant voltage will be subtracted.
This fig. 4 shows that simulation result of a system three phase 
voltages  swells  condition with DVR. It consists of (a) supply 
voltage   (b) injected voltage, (c) output voltage. The performance 
of the DVR with an unbalanced voltage sag and swell is shown 
in fig. 5.The injected voltage that was produced by DVR in order 
to correct the supply voltage and the output voltage are shown 
in fig. 5.

Fig. 5: Output for DVR Three Level Condition

   (a)

  
           (b)
Fig. 6.  Voltage rmsV at Load Point, With Three-Phase Fault:  (a) 
Without D- STATCOM and (b) With D-STATCOM.

Fig. 7: Output Voltage of Three Level D-STATCOM

V. Conclusion
This paper has presented the power quality problems such as 
voltage sags, swell. Compensation techniques of custom power 
electronic device DVR and D-STATCOM was presented. The 
design and applications of DVR and D-STATCOM for voltage 
sags, swells and comprehensive results were presented. The 
Voltage Source Convert (VSC) was implemented with the help 
of Sinusoidal Pulse Width Modulation (SPWM). For modelling 
and simulation of DVR and D-STATCOM by using the highly 
developed graphic facilities available in MATLAB/SIMULINK 
were used. The simulations carried out here showed that the DVR 
and D-STATCOM provides relatively better voltage regulation 
capabilities.
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