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ABSTRACT: The dynamic voltage restorer (DVR) is controlled by a five-level flying-capacitor multi level converter 

is used to decrease the power-quality disturbances in distribution system, such as voltage imbalances, harmonic voltages, 

and voltage sags.  

DVR injects voltages in the distribution line to maintain the voltage profile and assures constant load voltage. The 

simulations were conducted in MATLAB/Simulink to show the DVR-based proposed strategy's effectiveness to smooth 

the distorted voltage due to harmonics. The systems' response for load voltage is evaluated for with and without DVR 

scenarios. It has been noted that the proposed DVR based strategy has effectively managed the voltage distortion, and a 

smooth compensated load voltage was achieved.  

The Dynamic Voltage Restorer (DVR) is fast, flexible and efficient solution to voltage sag problem and handles both 

balanced and unbalanced situations without any difficulties and injects the appropriate voltage component. From 

simulation results also show that the DVR compensates the sag/swells quickly and provides excellent voltage regulation.         

 

1.INTRODUCTION: POWER quality (PQ) has 

become an important issue over the past two decades 

due to the relentless integration of sensitive loads in 

electrical power systems, the disturbances introduced 

by nonlinear loads, and the rapid growth of renewable 

energy sources. Arguably, the most common PQ 

disturbance in a power system is voltage sags [1], but 

other disturbances, such as harmonic voltages and 

voltage imbalances, may also affect end user and 

utility equipment leading to production downtime 

and, in some cases, equipment terminal damage. The 

dynamic voltage restorer (DVR) is one of the most 

efficient and economic devices to compensate voltage 

sags [2]. The DVR is basically a voltage-source 

converter in series with the ac grid via an interfacing 

transformer, conceived to mitigate voltage sags and 

swells [3]. The dynamic voltage restorer (DVR) is one 

of the most efficient and economic devices to 

compensate voltage sags. The DVR is basically a 

voltage-source converter in series with the ac grid via 

converters are normally used and, therefore, much of 

the published interfacing transformer, conceived to 

mitigate voltage sags and swells. Nevertheless, for 

higher power applications, power-electronic devices 

are usually connected to the medium-voltage (MV) 

grid and the use of two-level voltage converters 

becomes difficult to justify owing to the high voltages 

that the switches must block. 

http://www.jetir.org/


© 2022 JETIR May 2022, Volume 9, Issue 5                                                                      www.jetir.org (ISSN-2349-5162) 

 

JETIR2205966 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org i442 
 

     This paper focuses on the design of a closed-loop 

control system for a DVR by using a five-level flying-

capacitor converter, based on the so-called repetitive 

control. Repetitive control was originally applied to 

eliminate speed fluctuations in electric motors, but it has 

also been successfully used in power-electronics 

applications, such as power-factor control in three-

phase rectifiers and active-filter control. 

 

 

A voltage level of three is considered to be the smallest 

number in multilevel converter topologies. Due to the bi-

directional switches, the multilevel VSC can work in both 

rectifier and Inverter modes. This is why most of the time 

it is referred to as a converter instead of an inverter in this 

dissertation. A multilevel converter can switch either its 

input or output nodes (or both) between multiple (more 

than two) levels of voltage or current. As the number of 

levels reaches infinity, the output THD approaches zero. 

The number of the achievable voltage levels, however, is 

limited by voltage-imbalance problems, voltage clamping 

requirements, circuit layout and packaging constraints 

complexity of the controller, and, of course, capital and 

maintenance costs. 

     Three different major multilevel converter 

structures have been applied in industrial applications: 

cascaded H-bridges converter with separate dc sources, 

diode clamped, and flying capacitors. The multilevel 

inverter structures are the main focus of discussion in this 

chapter; however, the illustrated structures can be 

implemented for rectifying operation as well. Although 

each type of multilevel converters shares the advantages 

of multilevel voltage source inverters, they may be 

suitable for specific application due to their structures and 

drawbacks. 

 

Multilevel Topologies 
     Generally multilevel topologies can be 

divided into two groups, although in some cases the 

dividing line is indistinct. The first approach relies on 

summing the outputs of a number of conventional two-

level converters, to produce a resultant multilevel output. 

The second group replaces the two-level switch structure 

with a multilevel switch topology within an otherwise 

conventional converter. These two groups will be 

distinguished by the terms multi-bridge converter and 

multilevel converter respectively. 

     

Fig1 : Dynamic voltage restorer 

 

 

  
                          Any of the basic DC-DC converters 

(buck, boost, buck-boost, Cuk) can be extended to a 

multilevel topology. Often these are not called or perhaps 

even recognized as multilevel converters, but rather 

simply described as, for example, paralleled converters 

with interleaved switching instants. as a sensor. 

                                                                                          

2. CONFIGURATION OF THE DVR  
                 The location of the DVR placed between the 

grid and the sensitive equipment is shown in Fig. 4.4. 

Different kinds of loads are assumed to be connected to the 

point of common coupling (PCC), such as linear loads 

(e.g., induction motors), nonlinear loads, and sensitive 

equipment. The DVR consists of a five-level flying-

capacitor voltage-source converter and energy storage 

which provides the necessary voltage to the dc link. The 

series connection of the DVR is achieved by means of a 

coupling transformer. A passive LC filter has been used to 

filter out the high harmonics generated by the PWM 

process. 

     The DVR is a powerful controller that is commonly 

used for voltage sags mitigation at the point of connection. 

The DVR employs the same blocks as the DSTATCOM, 

but in this application the coupling transformer is 

connected in series with the AC system. 

     The DVR is a distribution voltage solid-state DC to AC 

switching converter that injects three single-phase AC 

output voltages in series with the distribution feeder and in 

synchronism with the voltages of the distribution system. 

By injecting voltages of controllable amplitude, phase 
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angle, and frequency (harmonic) into the distribution 

feeder in instantaneous real time via a series-injection 

transformer, the DVR can "restore" the quality of voltage 

at its load-side terminals when the quality of the source-

side terminal voltage is significantly out of specification 

for sensitive load equipment. 

 

 

               Fig.2 Basic scheme of the system 

configuration with the DVR. 

      

The reactive power exchanged between the DVR and the 

distribution system is internally generated by the DVR 

without any AC passive reactive components, like reactors 

and capacitors.  

 
For large variations (deep sags in the source voltage) the 

DVR supplies partial power to the load from a 

rechargeable energy source attached to the DVR DC 

terminal. The maximum voltage injection is equal to the 

MVA rating of the DVR divided by the operating MVA of 

the load served. The amount of energy storage determines 

the time a DVR can supply the maximum injected voltage 

in a worst-case scenario. 

     The equivalent circuit for the one-line system in Fig. 2 

is depicted in Fig. 3, where is the supply voltage, models 

the line impedance, is the current injected by the supply, 

which splits at the PCC into the current flowing through 

the sensitive equipment (this current is divided into the 

current through the coupling transformer and the current 

through the filter capacitor), and the current injected into 

the loads. The voltage is the measured voltage at the PCC, 

stands for the DVR voltage which has been modelled as an 

ideal voltage source, the parameters and are the resistance 

and the leakage inductance, respectively, of the coupling 

transformer whereas is the capacitor used together with the 

coupling- transformer leakage inductance to filter out the 

high-frequency harmonics. Finally, and are the voltages 

across the filter capacitor and the measured voltage across 

the sensitive equipment, respectively. 

 

Fig.3 Equivalent circuit for the DVR-

connection system. 

3. MATLAB/SIMULINK 

     MATLAB stands for Matrix Laboratory. MATLAB is 

an integrated technical computing environment that 

combines numeric computation, advanced graphics and 

visualization, and a high-level programming language. 

     MATLAB, developed by The Math Works, Inc., 

integrates computation, visualization, and programming in 

a flexible, open environment. It offers engineers, scientists, 

and mathematicians an intuitive language for expressing 

problems and their solutions mathematically and 

graphically. Complex numeric and symbolic problems can 

be solved in a fraction of the time required with a 

Programming language such as C, FORTRAN, or Java. 
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Need for simulation 

     SIMULINK is software for modeling, simulating, and 

analyzing Dynamic systems. It supports linear and 

nonlinear systems, modeled in continuous time, sampled 

time, or a hybrid of the two. Systems can also be multi rate, 

i.e., have different parts that are sampled or updated at 

different rates. 

     SIMULINK enables you to pose a question about a 

system, model it, and see what happens. With SIMULINK, 

one can easily build models from scratch, or take an 

existing model and add to it. Thousands of engineers 

around the world use SIMULINK to model and solve real 

problems in a variety of industries. 

     When a new control strategy of a converter or a drive 

system is formulated, it is often convenient to study the 

system performance by simulation before building the 

breadboard or prototype. The simulation not only validates 

the systems operation, but also permits optimization of the 

systems performance by iteration of its parameters. 

     

    Besides control and circuit parameters, the plant 

parameter variation effect can be studied. Valuable time is 

thus saved in the development and design of the product, 

and the failure of components of poorly designed systems 

can be avoided.  The simulation program also helps to 

generate real time controller software codes for 

downloading to a microprocessor or digital signal 

processor. 

 

4. SIMULATION MODEL FOR DVR  

    Simulink is a software add-on to mat lab which is a 

mathematical tool developed by The Math works, 

accompany based in Natick. Mat lab is powered by 

extensive numerical analysis capability. Simulink is a tool 

used to visually program a dynamic system (those 

governed by Differential equations) and look at results. 

Any logic circuit, or control system for a dynamic system 

can be built by using standard building blocks available in 

Simulink Libraries. Various toolboxes for different 

techniques, such as Fuzzy Logic, Neural Networks, dsp, 

Statistics etc. are available with Simulink, which enhance 

the processing power of the tool. The main advantage is 

the availability of templates / building blocks, which avoid 

the necessity of typing code for small mathematical 

processes. 

 

 

 

 

 

Fig4 Simulink model of Dynamic Voltage Restorer 

Based on Flying Capacitor  

 

 

1. Rms voltage at source and load 

voltages 

 

Fig4.1 Simulink model of load and source voltages at rms 

voltage 
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2. Line-to-line voltage at the PCC and across the 

sensitive equipment 

 

Fig 4.2 Simulink model of load and source voltages 

     Fig. 4.2  shows the results obtained when the linear load 

(induction 1) and the nonlinear load are connected. Fig. 4.2  

plots the line-to-line voltage at the PCC (𝑉𝑃𝐶𝐶𝑎𝑏
 ): it can be 

seen that the waveform is distorted, owing to the harmonic 

currents that the rectifier produces. Also, the total current 

provided to the linear load, the rectifier, and the sensitive 

equipment causes a voltage drop at the PCC. The voltage 

at PCC has an rms value of 10.52 kV (95.6% of 11 kV) for 

the fundamental frequency component, while the voltage 

total harmonic distortion is𝑇𝐻𝐷𝑣 = 8.48%  

However, Fig.shows that the line-to-line voltage across the 

sensitive equipment is  

 

 

Fig 4.3 Line-to-line voltage at the PCC and across the 

sensitive equipment 

relatively sinusoidal: the fundamental-frequency 

component has an rms value of 11 kV, with a voltage total 

harmonic distortion𝑇𝐻𝐷𝑣 =  1.70%. The control system 

and the multilevel DVR are not only able to compensate 

the voltage drop at the PCC, but also cancel out the 

harmonic voltages caused by the rectifier. 

 

3. Line-to-line voltages at the source voltage 

 

Fig 4.4 Simulink model of line-to-line voltages at the 

source voltage 

 

     Fig. 4.4 shows the unbalanced line-to-line voltages at 

the PCC: the three voltage waveforms have different 

amplitudes and they also contain harmonic voltages caused 

by the rectifier.  

The rms values of the fundamental-frequency components 

are 𝑉𝑃𝐶𝐶𝑎𝑏

(1)
=8.05 kV, 𝑉𝑃𝐶𝐶𝑏𝑐

(1)
=9.87 kV, and 𝑉𝑃𝐶𝐶𝑐𝑎

(1)
=7.52 

kV, where the superscript (1) stands for the fundamental 

frequency. The voltage total harmonic distortions are 

𝑇𝐻𝐷𝑣𝑝𝑐𝑐𝑎𝑏
= 6.25%, 𝑇𝐻𝐷𝑣𝑝𝑐𝑐𝑏𝑐

= 5.13%, 

and  𝑇𝐻𝐷𝑣𝑝𝑐𝑐𝑐𝑎
= 2.03%. 

 

 

 

Fig 4.5 Line-to-line voltages at the source voltage 

 

4. Line-to-line voltages across the load voltages 

 

 

Fig 4.6 Simulink model of line-to-line voltage at load 

voltage 
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          The voltage across the sensitive equipment is plotted 

in Fig. 4.6 The DVR, operated by the control system, 

compensates the unbalanced voltages with a fast transient 

response owing to the feed forward term of the sensitive-

equipment voltage, while the repetitive control ensures 

zero-tracking error in steady state. 

 

 

 

Fig 4.7 Line-to-line voltages across the load voltages 

 

5. Single line load current 

Fig 4.7 Simulink model of load current  

                            

     Furthermore, the large current drawn by the induction 

motor 2 at its connection time 0.9 s has no influence in the 

transient response of the voltage across the sensitive 

equipment due to the feed forward of the load current  

The rms values of the fundamental-frequency 

 components are equal to 11 kV for the three line-to-line. 

 

 

 

Fig 4.8 Single line load current 

voltages across the sensitive load, while the voltage total 

harmonic distortions are 𝑇𝐻𝐷𝑉𝑎𝑏
= 0.90%, 𝑇𝐻𝐷𝑉𝑏𝑐

= 

1.02%, and 𝑇𝐻𝐷𝑉𝑐𝑎
=   0.91%. 

5. CONCLUSION 

 DVRs are effective recent custom power devices for 

voltage sags and swells compensation. They inject the 

appropriate voltage component to correct rapidly any 

anomaly in the supply voltage to keep the load voltage 

balanced and constant at the nominal value. The Dynamic 

Voltage Restorer (DVR) is considered to be an efficient 

solution due to its relatively low cost and small size,  

also, it has a fast dynamic response.  
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