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Abstract - Voltage sags and swells are the most
significant disturbances to the system which may bring
great economic losses to the sensitive customers. To solve
this problem, installation of custom power device has
become necessary. Dynamic Voltage Restorer (DVR), one
of the custom power device is being installed in the power
system at both transmission and distribution level in
order to provide efficient solution to this problem of
voltage sags/swells. In this paper, a new model for DVR
using sinusoidal pulse width modulation technique with
Pl Controller is being proposed for compensation of
sag/swell. Proposed model is simulated in MATLAB-
Simulink and simulation results prove that the proposed
model is the most effective solution for the problem of
voltage sag/swell.
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1. INTRODUCTION

In modern technology, there are two major challenges that
power system must deal with: one is voltage fluctuations and
the other is short circuit faults. Nowadays, many power loads
have become more sensitive to the disturbances due to
voltage fluctuations that are produced because of wide use of
non-linear loads. Because of these disturbances or
fluctuations quality of power being distributed or
transmitted has become low. Faults in power system can
cause voltage sag or swell in the entire system or major part
of it. In addition, harmonics, voltage transients, flickers are
also one of the voltage quality problems [1].

Voltage sag can occur at any instant of time ranging from 0.1
to 0.9 p.u and that lasts for half a cycle to one minute [2].
Voltage sag can be either balanced or unbalanced which
mainly depends on type of fault. The main sources of voltage
sag are any type of fault in power system or by the starting of

large motor loads. Mainly, voltage sags are considered as
major threats to the power quality. Similarly voltage swells
occurs at any instant of time ranging from 1.1 to 1.8 p.u and
that lasts for half a cycle to one minute. But voltage swells
are less frequent compared to that of voltage sags which are
mainly produced because of sudden switching off of large
loads or energization of capacitor banks [3].

Due to these faults, under full load conditions, it may cause
severe or high voltage drops in the system. Due to these
disturbances, system may undergo shutdown or fail
including large voltage and current imbalances in the system.
Various techniques can be adopted or used by the customer
in order to mitigate these voltage sags / swells to have better
quality of power supply to the equipment for its effective
functioning. But, the effects that are caused by the voltage
sag or swell to the equipment may be expensive to the
customer. But, there are many techniques available for
compensation of voltage sag and swell, in which installation
of custom power device is the adequate method for
mitigation of voltage sag and swell. This concept of installing
custom power device is being introduced by N.G Hingorani in
1995. Installation of custom power device means use of
power electronic controllers in power system to deal with
various power quality problems.The main intension to deal
with various power quality problems is to ensure the users
get a good quality and trust worthy supply.

There are many custom power devices available for
providing solution to the different power quality problems,
but DVR is considered as the most apt solution for the
mitigation of voltage sag and swells in the power system.
Other custom power devices available for solution of power
quality problems are Distribution STATic
COMpensator(DSTATCOM), Superconducting Magnet Energy
Storage(SMES),Static VAR Compensator (SVC), Static VAR
Generator (SVG), Thyristor Controlled Reactor (TCR),
Dynamic Voltage Restorer (DVR), Uninterruptable Power
Supply (UPS) etc.[4] When compared to all custom devices
mentioned above, DVR is the best solution for effective and
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efficient compensation of voltage sag and swell because of
the following reasons, they are:
(@) Compared to SVC, DVR has better capability of
controlling active power flow.
(b) Because of its high maintenance and replacement
cost, DVR is preferred over UPS.
(c) SMES is high cost and has lower energy capacity
compared to that of the DVR.
(d) DVR is smaller in size and lower cost when
compared to DSTATCOM.
On considering all the above reasons, DVR is considered as
better solution for mitigation of voltage sag and swell.

In this paper, requirement of DVR for mitigation of voltage
sag and swell is clearly explained and corresponding model
for its operation is proposed and is being simulated using
MATLAB-Simulink. Simulink results are clearly illustrated
which depicts the importance of DVR.

2. PROPOSED MODEL

Dynamic Voltage Restorer is a series connected power
electronic device which injects missing voltage into the
system to regulate voltage at the load end in case of any
power quality issues like voltage sag or swell in the
system[5]. The basic operation of DVR is as shown in figure
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Fig -1: Operating principle of DVR.

The main principle behind working of DVR is that it injects
dynamically controlled voltage Vawgenerated by forced
commutated converter in series to the bus voltage by means
of a booster transformer. There are different methodologies
available for operating DVR which mainly differs in
triggering the pulses for the inverter circuit. In this paper,
sinusoidal pulse width modulation technique is being used
for triggering the pulses of inverter circuit. DVR mainly
includes injection / booster transformer, LC or harmonic
filter, inverter circuit and a energy storage device with a
control system [6].

© 2015, IRJET.NET- All Rights Reserved

Veor

- ] i
P e “—D—O—J‘}J Injection or
@ AC Woitage Source m}—\} booster I % Vout
I ~ transformer £
+ 1
L
E L LC Filter -
Vet Vou 1
c
s—

for riggeming
—| inverter circuit

PI controller with
tuning circuit

Energy storage
device

Fig -2: Block diagram of DVR for Proposed Model.

The basic block diagram of DVR illustrating the methodology
designed in proposed model is as shown in figure 2[1]. There
are three different modes of operation of DVR namely
protection mode, standby mode and injection mode [3].

Simulation model for the DVR is as shown in figure 3.
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Fig -3: Proposed Simulation Model for DVR.

The different subsystems designed in the proposed model
are as follows:

2.1 Voltage sag / swell creation
Figure 4 shows the Simulink model for voltage sag /
swell creation.

Fig -4: Simulink model for sag/swell creation.
2.2 Inverter circuit
Figure 5 shows the Simulink model of DVR inverter

circuit. MOSFET devices are being used for Inverter
circuit.

Fig -5: Inverter circuit for proposed model of DVR.

4. CONTROL SCHEME

Figure 6 shows the control scheme adopted for the proposed
DVR model [7]. Static power converters are used to produce
an ac output voltage from a dc power supply. This
methodology is mostly used in the uninterruptible power
supplies (UPS), flexible AC transmission system (FACTS).

the output voltage waveforms, as these outputs behave as a
voltage source naturally these topologies are most widely
used. The sinusoidal pulse width modulation (SPWM)
technique is more effective in reducing the lower order
harmonic with proper choice of the switching patterns for
power devices, certain harmonics can be eliminated [8].

In the proposed control scheme, firstly the output voltage
and the reference voltage are being tuned by performing
series of operation as shown in the figure 6. After tuning the
both waveforms now the two signals are being compared
and the difference is given to the PI controller block which
produces constant output that is being fed to SPWM circuit
to generate triggering pulses for the inverter circuit. With
the help of the SPWM technique, valves in same branch are
not triggered at the same time. In normal conditions as there
will be no difference between the reference and the output
voltage, the output of PI controller will be zero which clearly
says that no triggering pulses will be generated by SPWM
block for the inverter.
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Fig -6: SPWM Technique for Proposed Model.

5. WORKING OF PROPOSED MODEL

For mitigation of voltage sag and swells the circuit is
designed (shown in Figure2) so as to continuously monitor
the voltage levels at the load side. During normal conditions
load will be provided with the rated / desired power (at
rated voltage) [5]. The simulation model of the circuit is
shown in figure3.

To justify the operation of the proposed model for voltage
sag mitigation, we are generating a sag voltage of 30% of
rated rms voltage. This is achieved by connecting ideal
switches that will be triggered by repeating sequence
system. Under normal operation, the gate of ideal switch is
triggered that offers nothing but the short circuit path. But
during voltage sag condition, gate of ideal switch is triggered

These can be considered as voltage source inverter based on
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consisting of a voltage source of required level of sag
connected in opposition to the main voltage source.

For flexibility, this sag creation has been done to individual
phases because we can’t be sure that the sag will be created
on all the phases simultaneously. Sag may occur even for a
single phase or all the phases but not at the same time.
However for the sake of effective explanation sag is created
to all the phases simultaneously in the same time interval.

Using a voltage measurement block we are detecting the
voltage available to the load continuously. Since there is a
decrease in the voltage we are tuning this voltage with a
reference voltage provided that the reference voltage is same
as that of actual source voltage under normal conditions.
After tuning, using sinusoidal pulse width modulation
technique we are generating triggering pulses that will be
given to the voltage source inverter (VSI). Basing on the level
of output voltage at load, triggering pulses will be given to
VSI in such a way that the triggering is done between the
path (providing line voltage) of much positive and much
negative voltage value containing phases. By the action of
inverter we are generating a voltage to be compensated that
is taken across a load. This load voltage will pass through the
injection / booster transformer to aid the fault voltage (sag
voltage). This will be done continuously unless and until the
load voltage meets the rated voltage. Once the rated voltage
is achieved at the load the tuning process will be repeated,
since there is no difference in the voltages there won't be
generation of gate triggering pulses which will be going to be
given to VSI compensating voltage won’t be generated to
pass through injection transformer. Thus, there won’t be any
further increase of voltage beyond the rated value.

5. SIMULATION RESULTS AND ANALYSIS
5.1 Voltage sag:

The simulation result of 30% voltage sag in supply voltage
between time period 1 to 1.8 seconds with a dip of 100 V is
shown in figure 7(a). The rms voltage is taken as 330V.
Figure 7(b) shows the injected voltage required to
compensate the voltage sag. Figure 7(c) shows the output
voltage after compensation by the proposed DVR model.

5.2 Voltage swell:

The simulation result of 30% voltage swell in supply voltage
between time period 1 to 1.8 seconds with a swell of 100 V is
shown in figure 8(a). The rms voltage is taken as 330V.
Figure 8(b) shows the injected voltage required to
compensate the voltage sag. Figure 8(c) shows the output
voltage after compensation by the proposed DVR model.

(a)
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Fig -7: () supply voltage with sag. (b) Injected voltage. (c)
Supply voltage.
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Fig -8: (a) supply voltage with swell. (b) Injected voltage. (¢)
Supply voltage.

6. CONCLUSIONS

Inthispaper,themodelingandsimulation ofaDVRwith
Sinusoidal PWMbasedcontrollerfor3®,330V  (rms),50Hz
distribution  systemhasbeendeveloped  byusing  Mat
lab/Simulink.

DVRsareeffectiverecentcustompowerdevicesforvoltagesagsan
dswellscompensation.Theyinject the
appropriatevoltagecomponent to correctrapidlyanyanomalyin
thesupplyvoltagetokeepthe load
voltagebalancedandconstantat the nominalvalue.

ThesimulationresultsshowthattheDVR
thesagandswelleffectivelyandprovides
excellentvoltageregulation. Thecontrol system implemented
hereis Pl controllertechniquewhichisascalederrorbetween
supplysideoftheDVRanditssetreferencevalue.  The  main
advantage of this proposed model is that it can be used for
any type of load in compensation of voltage sag/swell by
removing voltage sag/swell creation block and replacing the
load with desired load.
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