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Abstract- The major power quality problems occurs in the distribution lines so these distribution lines will be distributed 
non standard voltage, current, frequency utility distribution Networks, sensitive loads and Critical commercial operation 
suffers from various types of power quality problems and huge losses of energy in the distribution lines. There are various 
form of power quality problems like Voltage sag, Voltage Swell, Harmonics distortion (THD), Flicker. Voltage sag and 
swell are fewer harmonic compared to the flicker. In this paper design nine level cascaded multilevel inverter (MLI) in the 
operation of dynamic voltage restorer (DVR) using Space Vector Pulse Width Modulation Technique (SVPWM) control 
technique will be used for voltage source converter. SVPWM can be utilize the dc voltage and generates the fever harmonics 
compared to other techniques .The work describes the DVR based on SVPWM provides voltage support to sensitive loads 
and will be simulated by using MATLAB/SIMULINK Software. 
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I. INTRODUCTION 
 
In power systems fields increasing complexity in 
transmission line or distribution line many power 
quality problems occurs. In Transmission line or 
distribution line voltage sag ,swell are most 
significant power quality problems .Voltage sag is 
decreasing in short duration from nominal voltage , 
Voltage swell is increasing in short duration from 
nominal voltage .These voltage sag and swell may 
not cause much harm other than cause a slight 
flickering of lights, temporary voltage sag is bounded 
to have a greater impact on the industrial 
customers(1).power quality problems such as sag 
swell, Total harmonics distortion ,unbalance 
,transient and flickers may have impact on customer 
devices ,cause malfunctions and also cost on loss of 
production(2).A major volume of work is reported to 
understand the importance and relevance of power 
quality in de regulated market(3).Due to the fact that 
voltage swell, sag are less common in distribution 
system compared to the flicker. Voltage sag, swell 
cause sensitive equipment such as a semiconductor or 
chemical plants to fail or shutdown or damped ,as 
well as create a large current unbalance that could 
blow fuses or trip breakers(4). 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 and similarly it 
reacts quickly to inject the appropriate voltage 
component (negative voltage Magnitude) in order to 
compensate voltage swell [5]. The basic principle of a 
series compensator is simple, by inserting a voltage 
of required magnitude and frequency; the series 
compensator can restore the load side voltage to the 
desired amplitude and waveform even when the 
source voltage is unbalanced or distorted. Sinusoidal 
PWM and space vector PWM control techniques are 

used for controlling the DVR [6]. In this work, 
voltage sag and swell is compensated using DVR 
based on Space Vector Pulse Width Modulation 
technique. It is found that DVR based on Space 
Vector PWM technique compensates voltage sags 
and swells effectively compare to Sinusoidal Pulse 
Width Modulation technique (SPWM). Finally some 
simulation results are presented and simulation has 
been done by MATLAB. 
 
II. DYNAMIC VOLTAGE RESTORER 
 
In all Power custom devices DVR is the most 
effective and efficient Device to control the power 
quality problem in distribution System. DVR used in 
series with power distribution system to protect 
sophisticated equipments. Its main function is to 
provide the voltage compensation as per the 
requirement in the network. If there is power sag then 
it will add the Voltage in the system and ensure its 
maintain its pre-fault value. When there is Swell in 
the system it will add negative voltage magnitude in 
the system and again it will ensure the voltage is 
being maintain at its pre fault level. The voltage 
injection by DVR will be depending on the ability to 
inject the Voltage. The power circuit of the DVR has 
four main parts 1)voltage source inverter (VSI), 
2)voltage injection transformer, 3)DC energy storage 
device and 4)low pass filter as shown in Fig 1. 
 

 
Fig 1.Basic Model Of Dvr In Power System 
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2.1. injection transformer 
Its basic function is to step up the ac low voltage 
supplied by the VSI to the required voltage .Injection 
transformer used in the DVR plays a circular role in 
ensuring the maximum reliability and effectiveness of 
the restoration scheme. It is connected in series with 
the distribution feeder. 
 
2.2. Passive Filters 
Passive filters are placed at the high voltage side of 
the DVR to the harmonics .By placing the filter at the 
inverter side, the higher order harmonics are 
prevented from penetrating into transformer. Thereby 
it reduces 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 high rating 
transformer is required. 
 
2.3. Voltage Source Inverter 
Voltage source inverter converter the dc voltage from 
the energy unit to a controllable three phase ac 
voltage .The inverter switches are normally fired 
using a sinusoidal pulse width modulation scheme. 
2.4 Energy Storage Device/Control System 
It provides the real power requirement of the DVR 
during compensation .Lead-acid batteries Flywheels, 
Super conducting Magnetic storage device. The 
capacitor of energy storage device has a big impact 
on the compensation capability of the system. 
Compensation of power is essential large sag occurs. 
 
III. MULTILEVEL INVERTER 
 
An overview of the system is shown in Fig 2. The 
core component of this inverter design is the four-
switch combination shown in Fig2. . By connecting 
the DC source to the AC output by different 
combinations of the four switches, Q11, Q12, Q13, 
and Q14, three different voltage output levels can be 
generated for each DC source, +Vdc, 0, and -Vdc. A 
cascade inverter with N input sources will provide 
(2N+1) levels to synthesize the AC output waveform. 
The DC source in the inverter comes from the PV 
arrays, and the switching signals come from the 
multicarrier sinusoidal pulse width modulation 
(SPWM) controller. The 11-level inverter connects 
five H-bridges in series and is controlled by five sets 
of different SPWM signals to generate a near 
sinusoidal waveform, Numerous industrial 
applications have begun to require higher power 
apparatus in recent years. Some medium voltage 
motor drives and utility applications require medium 
voltage and megawatt power level. For a medium 
voltage grid, it is troublesome to connect only one 
power semiconductor switch directly. As a result, a 
multilevel power converter structure has been 
introduced as an alternative in high power and 
medium voltage situations. A multilevel converter not 
only achieves high power ratings, but also enables the 

use of renewable energy sources. Renewable energy 
sources such as photovoltaic, wind, and fuel cells can 
be easily interfaced to a multilevel converter system 
for a high power application. 
A multilevel converter has several advantages over a 
conventional two-level converter that uses high 
switching frequency pulse width modulation (PWM). 
The attractive features of a multilevel converter can 
be briefly summarized as follows. 
● Staircase waveform quality: Multilevel converters 
not only can generate the output voltages with very 
low distortion, but also can reduce the dv/dt stresses; 
therefore electromagnetic compatibility (EMC) 
problems can be reduced. 
● Common-mode (CM) voltage: Multilevel 
converters produce smaller CM voltage; therefore, 
the stress in the bearings of a motor connected to a 
multilevel motor drive can be reduced. Furthermore, 
CM voltage can be eliminated by using advanced 
modulation strategies such as that proposed in [14]. 
● Input current: Multilevel converters can draw input 
current with low distortion. 
● Switching frequency: Multilevel converters can 
operate at both fundamental switching frequency and 
high switching frequency PWM. It should be noted 
that lower switching frequency usually means lower 
switching loss and higher efficiency. 
 
Cascaded H-Bridges 
A single-phase structure of an m-level cascaded 
inverter is illustrated in Figure 31.1. Each separate dc 
source (SDCS) is connected to a single-phase full-
bridge, or H-bridge, inverter. Each inverter level can 
generate three different voltage outputs, +Vdc, 0, and 
–Vdc by connecting the dc source to the ac output by 
different combinations of the four switches, S1, S2, 
S3, and S4. To obtain +Vdc, switches S1 and S4 are 
turned on, whereas –Vdc can be obtained by turning 
on switches S2 and S3. By turning on S1 and S2 or 
S3 and S4, the output voltage is 0. The ac outputs of 
each of the different full-bridge inverter levels are 
connected in series such that the synthesized voltage 
waveform is the sum of the inverter outputs. The 
number of output phase voltage levels m in a cascade 
inverter is defined by m = 2n+1, where n is the 
number of separate levels. 

 
Fig.2: Single-phase structure of a multilevel cascaded H-

bridges inverter. 
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Fig.3: Multilevel voltage source converter structure of DVR 

 
IV. SVPWM (SPACE VECTOR PULSE WIDTH 
MODULATION) 
 
The Space Vector PWM (SVPWM) module inputs 
modulation index commands (U_Alpha and U_Beta) 
which are orthogonal signals (Alpha and Beta) as 
shown in Fig 4. 
 

 
Fig 4: Space Vector Diagram for nine-level switching 

 
The Pulse Width modulation technique permits to 
obtain three phase system voltages, which can be 
applied to the controlled output. Space Vector 
Modulation (SVM) principle differs from other PWM 
processes in the fact that all three drive signals for the 
inverter will be created simultaneously. The 
implementation of SVM process in digital systems 
necessitates less operation time and also less program 
memory.The SVM algorithm is based on the principle 
of the space vector u*, which describes all three 
output voltages ua, ub and uc. u* = 2/3.( ua + a.ub + 
a2.uc) 
 
V. WORKING PRINCIPLE OF PROPOSED 
SYSTEMS 
 
DVR with Cascaded Nine-Level inverter The DVR-
connected system consisting of a three-phase supply, 
three-phase critical loads, and the series injection 
transformers shown in Fig10 and Fig 5 are modelled 

in MATLAB/ Simulink environment along with a sim 
power system toolbox. 
 
The performance of the DVR is demonstrated for 
different supply voltage disturbances such as voltage 
sag and swell, THD, Flicker and power factor 
correction .  
Fig 5 without dvr in this diagram occurs sag and 
swell, THD, Flicker ,power factor correction and 
frequency disturbances . 
 
Fig 10 in this diagram DVR had been implemented 
with 9 levels cascaded multilevel Hbridge inverter. 
The DVR-connected system consisting of a three-
phase supply, three-phase critical loads, and the series 
injection transformers shown in Fig.10 .The 
performance of the DVR is demonstrated for different 
supply voltage disturbances such as voltage sag, 
swell, Flickers andharmonics. At 0.1 s, the supply 
voltage is distorted and continued for five cycles. At 
0.1 s, a sag in supply voltage is created for five 
cycles(11%sag occurs), and at 0.2 s, a swell in the 
supply voltages is created for five cycles(11% swell 
occurs) and at 0.3s frequency disturbances and 
flickers occurs. It is observed that the load voltage is 
regulated to constant amplitude under both sag and 
swell conditions. The load voltage is maintained 
sinusoidal by injecting proper compensation voltage 
by the DVR. Though various topologies may be used 
to realize the VSC,multilevel inverter technology has 
emerged recently as a very important alternative in 
the area of highpower medium-voltage energy 
control. It is hard to connect a single power 
semiconductor switch directly to medium voltage 
grids. Multilevel converters can realize high power 
and high voltage using semiconductor switches of 
relative small ratings while avoiding the voltage and 
current sharing problems associated with series and 
parallel connection of switches commonly employed 
in twolevel bconverter realization. Multilevel 
converters can synthesize the output voltage with 
smaller steps and reduced harmonic content, while 
potentially resulting in smaller dv/dt thus lower 
electromagnetic. 
 
From fig 10. Nine- level inverter was designed with 
3-arm H-bridge inverter by connecting in series to 
each other to make cascaded H-bridge nine-level 
inverter. The multilevel inverter was defined by 
(2n+1), here n is number level of inverter’s connected 
in either in series or parallel. 
 
The output voltage of the nine-level inverter is the 
performance of the DVR with Cascaded H-bridge 
nine-level inverter is demonstrated for different 
supply voltage disturbances such as voltage sag and 
swell, and Flickers. Harmonics are reduced by filters 
these are also designed in this diagram. Fig 10 
designed 9 level cascaded H bridge MLI by using 
space vector modulation technique for PWM Inverter. 
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Fig13 from this simulation digram of SPVPWM this 
is new control technique and the reference voltage 
estimated using the vectors digram.Without DVR 
MLI THD is 83.62% and with DVR MLI THD is 
22.35% and without DVR Power Factor is 0.6752 and 
with DVR power factor is 0.9566 from this data with 
nine level cascaded H inverter is more eficient or 
excelent procedure for compensate the power quality 
problems. 
 
VI. SIMULATIONS RESULTS 
 
II.DVR without Nine-Level inverter 

 
Fig 5. Simulation of DVR without Nine-Level cascaded MLI 

inverter 
 

 
Fig6 Sag, swell, Flickers occurs in Load without DVR CKT. 

 

 
Fig7 Sag, swell, Flickers, Frequency disturbance occurs in at 

source side without DVR Ckt 
 

 
Fig 8.THD of without DVR Ckt 

.  
Fig 9.Output Results of without DVR Ckt 

 
II. DVR with Nine-Level CASCADED MLI 
 

 
Fig.10 Simulation of DVR with Nine-Level cascaded MLI 

inverter by using SVPWM technique. 
 

 
Fig11. Dynamic performance of DVR with in-phase injection 
during voltage sag and swell, Flicker applied to critical load 

 
 

 
Fig 12.Nine level cascaded MLI in DVR by using SVPWM 

Technique. 
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Fig13.Control unit of SVPWM technique 

 

 
Fig14. .Load voltage and Current (Voltage and Current both 

are constant) 
 

 
Fig15 .THD of with DVR Ckt 

 

 
Fig16.out put results of DVR ckt 

TABEL-1-THD and Power Factor comparisons of 
With and Without DVR . 

 
 
CONCLUSION 
 
Space Vector Modulation Technique is the more 
popular for Three Phase Voltage Source converter. 
The Simulation of SVPWM Space gives enhanced 
fundamental output with better quality i.e. lesser 
THD. In this paper to reduce power quality problems 
like voltage sag, swell, Flickers, THD and Power 
factor correction. This paper the modelling and 
simulation of a DVR with SVPWM based controller 
for 3Φ 415V, 50 Hz distribution system has been 
developed by using Matlab / Simulink. The operation 
of a DVR has been demonstrated with a new control 
technique using various voltage injection schemes. A 
comparison of the performance of the DVR with and 
without DVR results. The Synchronous reference 
frame theory has been used for estimating the 
reference DVR voltages. The control system 
implemented here is based on dqo technique which is 
a scaled error between supply side of the DVR and its 
set reference value. The references load voltage 
estimated using the method of space vectors, and the 
control of DVR has been achieved. With minimise 
the error of voltage injection. It is concluded that the 
voltage injection in phase with voltage results in 
minimum rating of DVR. The simulation results 
show that the DVR quality problems effectively and 
provides excellent voltage regulation. 
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