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Abstract— In this paper, the operation of DVR is 
presented and the control techniques used for voltage 
source inverter are Fundamental Frequency Method 
and Space vector PWM. Space vector PWM techniques 
can utilize the better dc voltage and generates the fewer 
harmonic in inverter output voltage than Fundamental 
Frequency Method. Phase jump compensation is 
achieved by using Phase Locked Loop. This work 
describes the DVR based on Fundamental Frequency 
Method and Space Vector PWM incorporating the PLL 
provides voltage support to sensitive loads and is 
simulated by using MATLAB/SIMULINK. The control 
approach presented is able to compensate for any type 
of voltage sags and swells. THD comparison between 
FFM and SVPWM has presented. This work also 
intended to assimilate the amount of DC energy storage 
depends on the installed load in case of SVPWM.  
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I.  INTRODUCTION 
Power quality is related to the ability of utilities to 
provide electric power without interruption. One of 
the major concerns in electric industry today is power 
quality problems to sensitive loads. Power quality 
problems such as sag, swell, harmonic distortion, 
unbalance, transient and flicker may have impact on 
customer devices, cause malfunctions and also cost 
on loss of production. The high cost associated with 
these disturbances explains the increasing interest 
towards voltage sag mitigation techniques. Voltage 
sag is widely recognized as one of the most important 
power quality disturbances. Voltage sags can just 
occur frequently than any other power quality 
problem does. Therefore, the loss resulted due to 
voltage sag problem for customer at the load end is 
huge. Voltage sag is a momentary decrease in rms 
voltage magnitude in the range of 0.1 to 0.9 per unit 
[9], [10], [11]. It is generally caused by faults in the 
power system and is characterized by its magnitude 
and duration. Voltage sag magnitude is defined as the 
net rms voltage during voltage sag, which is usually 
in per unit of the nominal voltage level. The voltage 
sag magnitude depends on various factors like the 
type of fault, the location of the fault and the fault 
impedance. The duration of voltage sag basically 
depends on how fast the fault is cleared by the 
protective device. In short, voltage sag will last till 
the fault is cleared. A swell is defined as an increase 
to between 1.1p.u and 1.8p.u in rms voltage or 
current at the power frequency durations from 0.5 to 
1 minute [6], [7], [8]. A swell can occur due to a 
single line-to-ground fault on the system, which can 
also results in temporary voltage rise on the unfaulted 

phases. This is especially true in ungrounded or 
floating ground delta systems, where the sudden 
change in ground reference result in a voltage rise on 
the ungrounded phases. On an ungrounded system, 
the line-to ground voltages on the ungrounded phases 
will be 1.73p.u during a fault condition. Swells can 
also be generated by sudden load decreases and 
switching on a large capacitor bank often causes an 
oscillatory transient.. To solve this problem, custom 
power devices are used. One of those devices is the 
Dynamic Voltage Restorer (DVR), which is the most 
efficient and effective modern custom power device 
used in power distribution networks. Its appeal 
includes lower cost, smaller size, and its fast dynamic 
response to the disturbance. 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 [4] and similarly 
it reacts quickly to inject the appropriate voltage 
component (negative voltage magnitude) in order to 
compensate voltage swell. In this work, voltage sag 
and swell is compensated using DVR based on 
Fundamental Frequency Method (FFM) and Space 
Vector Pulse Width Modulation technique 
(SVPWM). It is found that DVR based on Space 
Vector PWM technique (SVPWM) compensates 
voltage sags and swells effectively compare to 
Fundamental Frequency Method technique (FFM). 

II. DYNAMIC VOLTAGE RESTORER 
DVR is a series connected custom power device. 

Its main function is the protection of sensitive loads 
from any voltage disturbances except voltage outage 
[1],[2]. It is basically consists of power circuit and 
control circuit. The power circuit of the DVR has four 
main parts; voltage source inverter (VSI), voltage 
injection transformer, DC energy storage device and 
low pass filter [4], [5] as shown in Fig. 1.  

 
Figure 1.   General Block Diagram of DVR. 
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A. Maintaining the Integrity of the Specifications 
VSI is used to convert the DC voltage supplied by 

the energy storage device to an AC voltage. This 
voltage is boosted through injection transformer to 
the main system. Usually the rating of the VSI is low 
voltage and high current due to the use of step up 
injection transformers.  
B. Voltage Injection Transformer  

Its basic function is to step up the ac low voltage 
supplied by the VSI to the required voltage.  In case 
of three phase DVR type, three single phase injection 
transformers are usually used. The maximum voltage 
sag the DVR can compensate depends mainly on the 
rating of the inverter and the injection transformer.   
C. DC energy storage device  

It provides the real power requirement of the 
DVR during compensation. Lead-acid batteries, 
Flywheels, Super conducting Magnetic Energy 
Storage (SMES) and Super capacitors can be used as 
the storage devices. For Batteries and SMES, DC to 
AC conversion (inverters) is necessary, while for 
flywheels AC to AC conversion is required [5]. 
D. Passive Filter  

A passive low pass filter consists of an inductor 
and a capacitor. It can be placed either at the high 
voltage side or the inverter side of the injection 
transformer. It is used to filter out the switching 
harmonic components from the injected voltage. By 
placing the filter at the  inverter side, the higher order 
harmonics are prevented from  penetrating into 
transformer, thereby it reduce the voltage  stress on 
the injection transformer. When the filter is placed on 
the high voltage side, since harmonics can penetrate 
into the high voltage side of the transformer, a higher 
rating transformer is required [4], [5]. 
E. Operating Principle of DVR 

A power electronic converter based series 
compensator that can protect loads from all supply 
side disturbances other than outages is called a 
Dynamic Voltage Restorer (DVR). This device 
employs IGBT solid-state power electronic switches 
in a pulse-width modulated (PWM) inverter structure. 
The DVR is capable of generating or absorbing 
independently controllable real and reactive power at 
its ac output terminal. The DVR is made of a solid 
state dc to ac switching power converter that injects a 
set of three-phase ac output voltages in series and 
synchronism with the distribution feeder voltages. 
The amplitude and phase angle of the injected 
voltages are variable thereby allowing control of the 
real and reactive power exchange between the DVR 
and the distribution system. The dc input terminal of 
a DVR is connected to an energy source or an energy 
storage device of appropriate capacity [12], [17]. The 
reactive power exchanged between the DVR and the 
distribution system is internally generated by the 
DVR without ac passive reactive components. The 
real power exchanged at the DVR output ac terminals 
is provided by the DVR input dc terminal by an 
external energy source or energy storage system. A 

typical DVR connection is shown in fig.2. It is 
connected in series with the distribution feeder that 
supplies a sensitive load. For a fault clearing or 
switching at point A of the incoming feeder or fault in 
the distribution feeder-1, the voltage at feeder-2 will 
sag. During steady state operations, the DVR can 
compensate for the inductive drop in the line by 
inserting a voltage in quadrature with the feeder 
current. 

 
Figure 2.  DVR Connection for voltage sag correction of 

sensitive loads. 
III. FUNDAMENTAL FREQUENCY METHOD 

Frequency is an important parameter in power system 
relaying, power-quality monitoring, and operation 
and distribution automation. As the fundamental 
frequency varies dynamically in a power system, the 
voltage control by custom power devices based on 
constant frequency modeling is affected significantly. 
Accurate power fundamental frequency is a necessity 
to check the state of health of the power index, and a 
guarantee for accurate quantitative measurement of 
power parameters, such as voltages, currents, active 
power, reactive power, and energy. Available 
frequency estimation  techniques, in general, use 
digitized samples of system voltage[2]. Considering 
the power system voltage waveform as pure 
sinusoidal, the time between two zero crossings is an 
indication of system frequency.  
 
This paper discusses the voltage regulation of a 
critical bus using a dynamic voltage restorer (DVR) 
under frequency mismatch conditions. It is assumed 
that the frequency of the supply voltage is varying or 
is different from the system nominal frequency. The 
duration of a frequency deviation can range between 
several cycles to several hours. The variations are 
usually caused by rapid changes in the loads 
connected to the system[3]. 
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Figure 3.  IGBT arrangemnt in FFM Technique. 

This paper encompasses the fundamental frequency 
model of a dynamic voltage restorer (DVR) based on 
a voltage source converter with IGBT switches. 
Using basic circuit analysis and MATLAB simulation 
program, a simple single-phase circuit model is 
obtained to assist in analyzing the component 
parameters of the circuit with various load power 
factor and voltage sag with phase jump. The 
fundamental frequency model is obtained assuming 
negligible effect of harmonics and balanced three-
phase voltage sag. This model introduced a 
relationship between the desired injected voltage 
vector and the actual injection voltage vector. This 
relationship is defined as the correction factor, K. 
This factor provides the compensation necessary to 
produce an accurate injected voltage vector taking 
into account the voltage drops and phase shifts caused 
by the filter elements and transformer connected 
between the voltage source converter and the load  
 

IV. SPACE VECTOR PULSE WIDTH 
MODULATION 

Space vector pulse width modulation technique is 
an advanced, computation–intensive PWM method 
and is possibly the best among all the PWM 
techniques for variable-frequency drive applications 
[16]. Because of its superior characteristics and easy 
implementation with digital signal processors, it has 
been finding wide spread application in recent years. 
The space vector modulation is a highly efficient way 
to generate the six PWM pulses necessary at the 
power stage for two-level inverter [13], [14]. The 
circuit model of a typical three-phase voltage source 
PWM inverter is shown in figure 5.4. S1 to S6 are the 
six power switches that shape the output, which are 
controlled by the switching variables a, a′, b, b′, c and 
c′. When an upper transistor is switched on, i.e., when 
a, b or c is 1, the corresponding lower transistor is 
switched off, i.e., the corresponding a′, b′ or c′ is 0. 
Therefore, the on and off states of the upper 
transistors S1, S3 and S5 can be used to determine the 
output voltage. 

 
Figure 4.  Three-Phase Voltage Source PWM Inverter. 

The objective of space vector PWM technique is 
to approximate the reference voltage vector Vref 
using the eight switching patterns. One simple 
method of approximation is to generate the average 
output of the inverter in a small period, T to be the 
same as that of Vref in the same period. 

 
Figure 5.  Vector Representations of the Switching Gates. 

A. Determination of Vd, Vq, Vref, And Angle (α) 
From fig.5. The Vd, Vq, Vref, and angle (α) can be 

determined as follows: 
Vd=Van-½Vbn-½Vcn                      

(1) 
Vq=Van+ √3/2 Vbn- √3/2 Vcn                     

(2) 
α= tan¯¹ (Vd/Vq)             

(3) 
ǀVǀ=√ (Vd²+Vq²)             

(4) 
 

B. Determination of Time Durations T1, T2, T0 
From fig.4. The switching time duration can be 

calculated as follows: 

          
(5) 

(6) 
             

(7) 

 
Where n=1 through 6, i.e. sector 1 to 6 and 

0600    
V. SIMULATION RESULTS AND DISUSSION 

To obtain the above simulated results, inverter 
was simulated using SIMULINK matlab7.9. 
Parameters used for simulation are as follows: fm=50 
Hz, load is assumed to R-L load where R=40 ohms, 
L=172 Henry. The power quality issues i.e. voltage 
sag and swell compensated by using dynamic voltage 
restorer. THD Analysis has done in between FFM 
and SVPWM techniques. Percentage of THD in case 
of FFM technique is 0.61% & 0.47% (Sag & Swell) 
and Percentage of THD in case of SVPWM technique 
is 0.08% & 0.06% (Sag & Swell). 
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Figure 6.  Simulink Block Diagram of Closed Loop 

System when sag was occurs. 

  
Figure 7.  Simulink block diagram for space vector pulse 

width modulation.  

 
Figure 8.  Source Side Voltage before Compensation 

When Sag Was Occurs. 

 
Figure 9.  Source Side Voltage before Compensation 

When Swell Was Occurs.  
 

 
Figure 10.  Output three phase Inverter . 

 
Figure 11.  Source Side Voltage after Compensation When 

Sag Was Occurred. 

 
Figure 12.  Source Side Voltage after Compensation When 

Swell Was Occurred. 

 
Figure 13.  THD Analysis of FFM technique at in Sag. 

 
Figure 14.  THD Analysis of FFM technique at in Swell. 

 
Figure 15.  THD Analysis of SVPWM technique at in Sag. 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Special Issue, June-2015 

Comparison Of SVPWM And FFM Tchniques In DVR To Mitigate Volage SAG And Swell 
 

29 

 
Figure 16.  THD Analysis of SVPWM technique at in Swell. 
 
CONCLUSION 
This work presents the power quality problems 

such as voltage sag and swell, consequences and 
mitigation techniques of Dynamic Voltage Restorer 
(DVR). The performance of dynamic voltage restorer 
against voltage sags and voltage swells using 
SVPWM Technique is presented. The highly 
developed graphic facilities available in 
MATLAB/SIMULINK were used to conduct all 
aspects of model implementation and to carry our 
extensive simulation studies on test system.  

A compensation strategy based on Phase Locked 
Loop (PLL) is also presented for DVR to compensate 
voltage sags with phase jump. The modelling and 
simulation of a DVR with PLL using 
MATLAB/SIMULINK is presented. The simulation 
shows that the DVR performance is satisfactory in 
mitigating voltage sag with phase jump. 

The mitigation capability of DVR is mainly 
influenced by the maximum load and also limited by 
the energy storage capacity. Results show that for 
increasing load demand the DC energy storage 
capacity also increases. From the results it is 
observed that after a particular amount of load 
increases on 11KV feeders, the voltage levels at the 
load terminal decreases. Simulation results also show 
that the DVR compensates the sags quickly and 
provides excellent voltage regulation. The main 
advantage of this DVR is low cost and its control is 
simple. It can mitigate long duration voltage sags 
efficiently. 
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