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Abstract— Power quality is a big deal nowadays in power sector. There are different power quality problems such as hamonic 
distortion, notching, flicker e.t.c. Voltage sag and swell is one of the problems in distribution network. The problem of Voltage 
sag and swell is most important. To reduce these problems many custom power devices are uesd. One of those devices is the 
Dynamic Voltage Restorer (DVR), which is one of the most efficient and effective modern custom power devices used in 
power distribution networks. Dynamic Voltage Restorer (DVR) is a series connected power electronic based device that can 
quickly mitigate the voltage sags in the system and restore the load voltage to the pre-fault value. DVR is recognized to be the 
best effective solution to overcome this problem. This paper discusses a review of the researches on the Dynamic voltage 
restorer (DVR) for power quality improvement in distribution networks. This paper describes principle of operation of DVR, 
components, DVRs topologies system in distribution system, DVR control strategies, and compensation techniques. 
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I. INTRODUCTION 
 

The high quality sinusoidal waveform is produced 
at power stations. The widespread applications of 
power electronic based non-linear devices and faults 
cause deviation from pure sinusoidal waveform. These 
situations facing electricity customers and suppliers 
have increased the popularity and development of 
power quality studies. Power quality is becoming an 
increasingly important topic in the performance of 
many industrial applications such as information 
technology, significant influence on high technology 
devices related to communication, advanced control, 
automation, precise manufacturing technique and 
on-line service. Users need constant sine wave shape, 
constant frequency and symmetrical voltage with a 
constant root mean square (rms) value to continue the 
production. To satisfy these demands, the disturbances 
must be eliminated from the system. The typical power 
quality disturbances are voltage sags, voltage swells, 
interruptions, phase shifts, harmonics and transients. 
Power electronic based devices provide protection for 
industry and  commercial customers from power 
quality problems basically sags, swells, harmonics, 
interruption and unbalance voltages. These devices 
are known as custom power devices and they can 
increase the availability of sensitive loads in the 
system and supply reliable power. Custom power 
devices are typically building on the distribution 
system to provide higher power quality and most 
economic solution. One of those is DVR used to 
mitigate voltage sag and well. DVR is a series 
connected device. It is best custom power device for 
mitigation impacts of upstream voltage disturbances 
on sensitive loads [1]. The main function of DVR is to 
mitigate the voltage sags and swells.It also provide a 
some features like harmonic compensation, reactive 

power compensation. The operation of DVR is to 
inject a voltage of the required magnitude, phase angle 
and frequency in series with distribution feeder to 
maintain the desired amplitude for load voltage 
constant [2]. Power quality phenomenon can be 
defined as the deviation of the voltage and the current 
from its ideal waveform. The voltage dip magnitude is 
ranged from 10% to 90% of nominal voltage and with 
duration from half a cycle to 1 min and swell is defined 
as an increase in rms voltage or current at the power 
frequency for durations from 0.5 cycles to 1 min. 
typical magnitudes are between 1.1 and 1.8 p.u [3]. 
 
II. POWER QUALITY PROBLEMS 
 
Power quality can be defined as having a bus voltage 
that closely resembles a sinusoidal waveform of 
required magnitude. Increasing number of sensitive 
devices to variations, the requirement for reducing 
losses and the behaviors of interconnected networks 
are some reasons which increase the importance of 
power quality concept. In the industry, power quality 
polluting loads are increasing day by day. The main 
reasons for concern with power quality (PQ) are as 
following,  
• End user devices become more sensitive to PQ due 
to many microprocessor based controls, 
• Complexity of industrial processes: the re-startup is 
very costly. 
• Large computer systems in many businesses 
facilities 
• Power electronics equipment used for enhancing 
system stability, 
• operation and efficiency.  
• They are major source of bad PQ and are 
vulnerableto bad PQ as well. 
• Deregulation of the power industry 
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• Complex interconnection of systems, which results 
in more severe consequences if any one    component 
fails. 
• Continuous development of high performance 
equipment 
Power quality disturbances can be as follows: 
2.1.  Transient: It is also known as spikes. The sudden 
increse and decrease in voltage charecteristics. 
oscillatory transient do not decay quickly like 
impulsive transient .They tend to oscillate continue for 
0.5 to 3 cycles and reach 2 times of nominal voltage. 
2.2.  Sag: sag is a reduction of voltage for short time. 
themagnitude of reduction is between 10% to 90%.of 
normal rms voltage. 
2.3.  Swell: voltage swell are rms voltage 
variationsthat exceed 110% of nominal voltage and 
last for less than1 minute. 
2.4.  Undervoltage: It is occure when the voltage 
drops below 90% of the nominal voltage for 1 minute. 
2.5.  Interruptions: It is a loss of voltage in one or 
more phases. 
2.6.  Voltage unbalence: It is the deviation of each 
phase from the average voltage of all three phases 
2.7.  Voltage fluctuions: It is a rapid changes in 
voltage within the allowable limits of voltage 
magnitude of 0.95 to 1.05 of nominal voltage. 
2.8.  Waveform distortion: The deviation from ideal 
sine wave due to the presence of harmonics is called as 
waveform distortion. waveform distortion. It can be 
caused by rectifiers, phase-angle controllers, welding 
machine.[4] 
 
III. DYNAMIC VOLTAGE RESTORER 
 
DVR is a Custom Power Device used to eliminate 
supply side voltage disturbances.  It maintains the load 
voltage at constant level. It is installed between the 
supply and the critical load feeder at the point 
ofcommon coupling (PCC).  
The DVR consists of: 
a. an injection / series transformer 
b. a harmonic filter, 
c. a Voltage Source Converter (VSC), 
d. an energy storage and 
e. a control system , as shown in figure below. 

 
Fig.1 Representation of DVR 

 
3.1 Voltage source inverter: It is a power electronic 
device.The VSI have low voltage and high current 

ratings as step up transformers are used to boost up the 
injected voltage.[5]. 
3.2 Injection transformers: Three single phase 
injection transformers are connected in delta/open 
winding to the distribution line. These transformers 
can be also connected in star/open winding. 
3.3 Passive filters: Passive filters are placed at the high 
voltage side of the DVR to filter the harmonics. It 
eliminate high frequency switcing harmonics. 
3.4 Energy storage: Batteries, flywheels or SMEs can 
be used to provide real power for compensationEnergy 
storage is in DC form. 
3.5 Capacitor: DVR has a large DC capacitor to ensure 
stiff DC voltage input to inverter.  
 
IV. DVR OPERATING MODE 
 
4.1. Protection Mode: The DVR will be isolated from 
the system if the system parameters exceed the 
predetermined limits primarily current on load side. 
The main reason for isolation is protecting the DVR 
from the overcurrent in the load side due to short 
circuit on the load or large inrush currents. The 
control system detects faults or abnormal conditions 
and manages bypass (transfer) switches to remove the 
DVR from system thus preventing it from damages as 
shown in Figure.  

 
Fig.2. Protection Mode 

 
During the overcurrent period, S1 will be closed, S2 
and S3 will be opened so there will be another path for 
current to flow. By removing the DVR from system at 
fault condition, the effects of additional disturbances 
that can be caused by the DVR are prevented onto the 
system. 
 
4.2. Standby Mode: In standby mode (normal steady 
state conditions), the DVR may either go into short 
circuit operation or inject small voltage to compensate 
the voltage drop on transformer reactance or losses. 
Short circuit operation of DVR is generally preferred 
solution in steady state because the small voltage 
drops do not disturb the load requirements. The 
solid-state bypass switches are used to perform short 
circuit operation and they are placed between the 
inverter and secondary (low side) of series injection 
transformer as shown in Figure 
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Fig.3 Standby Mode 

 
4.3. Injection Mode 
The primary function of Dynamic Voltage Restorer is 
compensating voltage disturbances on distribution 
system. To achieve compensation, three single-phase 
ac voltages are injected in series with required 
magnitude, phase and wave shape. The types of 
voltage sags, load conditions and power rating of DVR 
will determine the possibility of compensating voltage 
sag.[6] 
 
V. VOLTAGE INJECTION STRATEGIES 
 
The DVR should ensure the unchanged load voltage 
with minimum energy dissipation for injection. The 
characteristic of load determines the required control 
strategy to inject compensation voltage. The methods 
for injection of missing voltage can be divided into 
four groups, 
• Pre-sag compensation method 
• In-phase voltage injection method 
• Phase advance method 
• Voltage tolerance method with minimum energy 
injection 
 
5.1.  Pre-sag Compensation Method: 
This method injects the difference voltage between 
remaining voltage at PCC and pre-fault voltage to the 
system during sag as shown in Figure. The rms values 
of load voltage on the arc have the same magnitude 
with different phase angles. The corrected voltage is 
the same with pre-sag voltage and this strategy can be 
used with balanced and unbalanced  voltage sag. 

 
Fig.4. Vector diagram of pre-sag method 

 
Vdvr =VLprefault –Vpcc…(1) 
VLprefault is the pre-fault load voltage vector;  
VL is the load voltage vector; Vdvr is the DVR voltage 
vector (injected). Some non-linear loads are very 
sensitive to phase angle jumps. It is the best solution to 
restore the sensitive load voltage to the same phase 
angle and magnitude as the nominal pre-sag voltage. 
As seen from single-phase vector diagram, the ideal 

restoration is achieved. However, there is no control 
on injected active power so high capacity energy 
storage is required. 
 
  5.2. In-Phase Voltage Injection Method 
In second method injected voltage is in-phase with 
supply voltage. The magnitude of the injected voltage 
is minimized but it can cause phase shift between the 
remaining voltage vector at PCC and the pre-sag 
voltage as shown in Figure . 

 
Fig.5.Vector diagram of in-phase method 

 
Vdvr=D Vp =VL -Vpcc …(2) 
Vp is the rated per-phase rms value of the primary 
feeder; D is the maximum voltage sag. The phase 
angles of the pre-sag and load voltage are different but 
the most important criteria for power quality, which is 
the constant magnitude of load voltage, is satisfied. 
For a given load current and voltage sag, the apparent 
power of DVR is minimized. 
VL = VLprefault …(3) 
5.3. Phase Advance Method: 
In third method, decreasing the power angle between 
the remaining voltage and the load current minimizes 
real power spent by DVR. Pre-sag compensation 
andin-phase compensation inject active power to the 
critical load during sag. Active power is limited by 
stored energy in DC link and this part is one of the 
mostexpensive parts of DVR. The minimum energy 
injection is realized by making active power zero by 
having the remaining voltage phasor perpendicular to 
load current as shown in Figure. The values of load 
current and voltage are fixed in the system so injection 
power of DVR (PDVR) depends on only the advance 
angle ψ when Vpcc and θ have been given by the fault 
condition in the fixed xy plane. 

 
Fig.6.Vector diagram of phase advance method 

 
 5.4. Voltage Tolerance Method with Minimum 
Energy Injection In fourth method, the phase angle 
and magnitude of corrected load voltage within the 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-3, Issue-5, May-2015 

Power Quality Improvement In Distribution Network By Using Dynamic Voltage Restorer - A Review 
 

30 

area of load voltage tolerance are changed as shown in 
Figure.  

Fig.7.Voltage tolerance method with minimum energy injection 
The small voltage drop and phase angle jump on load 
can be tolerated by load itself. The sensitivity of loads 
to phase angle jump and voltage magnitude is 
different. Generally the voltage magnitude between 
90% - 110% of nominal voltage and phase angle 
variation between 5% - 10% of normal state do not 
disturb the operation characteristics of loads. The 
magnitude and phase are control parameters of this 
method to achieve the minimum energy injection. The 
phase advance method uses only phase difference but 
this method uses both control parameters.[7] 
 
VI. DVR’s TOPOLOGIES IN 

DISTRIBUTION SYSTEM 
 
6.1.Storage Systems with Auxiliary Supply: This 
topology is applied to increase the performance when 
the grid of DVR is weak. In this type, variable DC link 
voltage or constant DC link voltage topologies are 
applied. 
 
6.1.1 Variable DC Link Voltage 
The topology of this type is simple solution for short 
time voltage sags. The performance of this type 
decreases significantly when long duration voltage 
sags occur because DC link capacitor decays 
exponentially during sag and the rating of DC link is 
small. Equation (3.1) calculates the energy stored in 
the capacitor. 
Estorage=1/2 CDC  V 2 DC…(4) 
Pseries =(1-Vpcc / Vrs ) Pload …(5) 
VDC is the DC link voltage; CDC is the DC link 
capacitor; Vrs is the rated supply voltage; Vpcc is the 
phase voltage during sag (remaining voltage); Pseries 
is the three-phase power handled by the series 
converter; Pload is the three-phase power handled by 
the load. The charging of the DC link may be supplied 
either from a low rated auxiliary charging converter or 
from the series converter. This method proposes a 
relatively simple power topology 
 
6.1.2 Constant DC Link Voltage 
The increased performance and continuity of constant 
voltage are obtained in this topology because the 
necessary energy is supplied from a large storage to a 
small rated DC link[9] 

 
6.2. Storage Systems with Grid Itself 
The remaining voltage on supply side or load side is 
used to supply necessary power to the system if the 
DVR is connected to the strong grid.  
 
6.2.1. Suply side connected converter 
In this topology, uncontrollable DC link voltage and 
shunt converter charge the DC link capacitor. In this 
topology, the power handled by the shunt converter is 
proportional to the missing voltage. In case of severe 
sags, the current drawn by the converter rises 
significantly. 
 
6.2.2. Load Side Connected Converter 
The DC link voltage is almost constant because it is 
fed from corrected constant load voltage. The main 
drawback of this topology is the distorted current 
drawn by theshunt converter that will significantly 
degrade the quality of the load voltage .[8] 
 
VII. CONTROL STRATEGIES 
 
The main function of control scheme is to maintain 
constant voltage magnitude The applications of DVR 
is power flow control, reactive power compensation, 
and limited responses to power quality problems 
[10,11,12]. Inverter is an important component of 
DVR and performance of the DVR is directly affected 
by the control strategy of inverter. The inverter control 
strategy have a two types of control are as follows:  
 
7.1 LINEAR CONTROL:  
Linear control is a common method of DVR control.  
7.1.1 Feed forward control: It is a simple method. This 
method does not sense the load voltage. It calculates 
the injected voltage based on the difference between 
the pre-sag and during-sag voltages [13, 8, 14].  
 
7.1.2 Feedback control strategy: It calculates the load. 
The difference between the reference load voltage and 
actual load voltage is needed injection voltage [15]. 
This methods based on state space systems. It can be 
set up closed-loop poles for making faster time 
response. Feedback and the feed forward control 
strategy implemented by vector or scalar control 
techniques [15,16,17].  
 
7.1.3 Composite control strategy: It improve the effect 
of voltage compensation. It is a control method with 
grid voltage feed forward and load side voltage 
feedback, which has the strengths of feed-forward and 
feedback control strategy [18]. The combination with 
feed forward control can improve the system dynamic 
response If the feedback control in the composite 
control is designed for double-loop, it  improve system 
stability, performance of system and the adaptability 
of dynamic load. [19].  
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7.2 NON LINEAR CONTROL: 
DVR is divided as non-linear device because of  usage 
of power semiconductor switches in the VSI. When 
the system is unstable, model does not fully control  so 
all  linear control methods cannot work properly due 
to their limitations.  
7.2.1 Artificial neural network control (ANN): ANNs 
are universal function approximators and are capable 
of closely approximating complex mappings, which 
can be extended to include the modelling of complex, 
nonlinear systems. It has adaptive and 
self-organization capacity.. Without detail 
mathematical model, ANN control can keep a careful 
check on the nonlinear relationship based on input 
and output [20].  
7.2.2 Fuzzy control:  Fuzzy logic is an aggregation of 
rules, based on the input state variables condition with 
a corresponding desired output. This control used for 
DVR voltage injection. These controllers are 
implemented into DVR when precise mathematical 
formulations are not possible It is derived from fuzzy 
set theory introduced [21]. The advantage of this 
controller is its capability to reduce error and transient 
overshoot of PWM .  
7.2.3 Space vector PWM control: It is a algorothm to 
control PWM. votage inverter switch is used this 
control for low switching frequency conditions, to get 
quasi-circular rotating magnetic field instead of the 
original SPWM.[22].  
 
CONCLUSION 
  
This paper gives a detailed review of power quality 
problems and DVR is important powerful custom 
power device. The main function of a DVR is the 
protection of sensitive loads from voltage disturbances 
like voltage sag and swell in the distribution system. 
This paper also shows diffrent topologies and their 
controllers applied in DVR. It also provides 
knowledge for the researchers to build a new design of 
DVR to mitigate voltage disturbances like voltage sag 
and swell in distribution system.  
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