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Abstract - Although there are many problems in the 
power distribution systems, Power quality being one of 
the foremost problems in the present scenario has 
become momentous, particularly with the foreword of 
sophisticated devices, whose performance is susceptible 
to the quality of power supply. Power quality problem is 
an occurrence manifested as irregular voltage, current 
or frequency that results in the breakdown of end use 
equipments. The major concerns dealt are power sags 
and swells. These power sags and swells can be 
mitigated by the use of custom power devices. This 
paper presents modeling, analysis and simulation of a 
Dynamic Voltage Restorer (DVR) test systems with 
linear load and induction motor as non-linear load to 
mitigate voltage sags and swells. Dynamic Voltage 
Restorer (DVR), most efficient and effective modern 
custom power device used in power distribution 
networks. 
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1. INTRODUCTION 
Power quality is of immense significance in all the 
contemporary environments where electricity is 
concerned. Quality in service can be a feature in the weight 
of power quality.  Basically, most of the power quality 
problems are due to diverse fault conditions in power 
distribution systems. These conditions cause voltage sag, 
voltage swell, transients, voltage interruption, and 
harmonics. These problems may cause the apparatus 
tripping, shutdown commercial, domestic and industrial 
equipment, and miss process of drive system. 

The mitigation of voltage sags and swells are done by the 
use of a custom power device. Dynamic voltage restorer 
(DVR) is the most dynamic solution which operates by 
establishing the suitable voltage level.  

Dynamic Voltage Restorer is recently being used as the 
active solution for mitigation of power quality problems. 

2. DYNAMIC VOLTAGE RESTORER 
DVR is a recently proposed series connected solid state 
power electronics switching device consisting of either 

GTO or IGBT. DVR injects voltage of required magnitude 
and frequency, into the system with the objective to 
regulate the load side voltage. It is generally installed in a 
distribution system between the supply and the critical 
load feeder at the point of common coupling (PCC). Other 
than voltage sags and swells compensation, DVR can also 
be a supplementary for other features like: line voltage 
harmonics compensation, reduction of transients in 
voltage and fault current limitations. 

 

Fig -1: Role and location of the DVR 

The structure of DVR is shown in Figure 2. 

 

Fig -2: Schematic diagram of DVR 
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The DVR consists of: 

2.1 Voltage Source Converter 
DC voltage is converted from the energy storage unit to a 
controllable three phase ac voltage. Sinusoidal Pulse 
Width Modulation scheme is normally used for firing the 
inverter switches.  
 

2.2 Injection Transformer 
Injection transformer used in the DVR play an imperative 
role in ensuring the utmost consistency and efficiency of 
the reinstallation system. 

2.3 Passive Filters 
Passive Filters are used to filter the harmonics. They are 
placed at the high voltage side of  the DVR as placing the 
filters at the inverter side introduces phase angle shift 
which can disrupt the control algorithm.  

2.4 Energy storage device/Control system 
The competency of energy storage device has a large 
impact on the compensation potential of the system. 
Compensation of real power is vital when large voltage sag 
occurs. Examples are dc capacitors, batteries, super-
capacitors and flywheels. 

2.5 DC Charging Circuit 
The dc charging circuit has two main tasks: The first task 
is to charge the energy source after a sag compensation 
event. The second task is to maintain dc link voltage at the 
nominal dc link voltage. 

2.6 Control and Protection 
The control mechanism classically consists of hardware 
with programmable logic. All protective functions of the 
DVR should be implemented in the software. Differential 
current protection of the transformer, or short circuit 
current on the customer load side are only two examples 
of many protection functions possibility. 
 

3. EQUATIONS FOR DVR 

 
Fig -3: Equivalent circuit of DVR 

The series injected voltage of the DVR can be written as 

 

The load voltage  is given by, 

 

When  is considered as a reference equation can be 

rewritten as, 

 

α, β, δ are angles of ,  respectively and θ is 

load power angle 

θ =  

The complex power injection of the DVR can be written as,  

 

It requires the injection of only reactive power and the 
DVR itself is capable of generating the reactive power. 

4. CONTROL STRATEGIES 
There are two types of control strategies: 
1. Linear Controllers 
2. Non-Linear Controllers 
 

4.1 Linear Controllers 
The three main voltage controllers are Feed forward (open 
loop), Feedback (closed loop) and Multi-loop controller. 
Feed-forward voltage controller due to its simplicity and 
stronghold is the primary choice. The supply voltage is 
incessantly monitored and compared with a reference 
voltage; if the difference exceeds a certain tolerance, the 
required voltage is injected by the DVR. The drawback of 
the open loop controller is the high steady state error. The 
missing voltage is supplied by the DVR at the supply bus in 
a feedback loop. This controller has the advantage of 
accurate response, but it is complex and time-delayed. 
Multi-loop control is used with an outer voltage loop to 
control the DVR voltage and an inner loop to control the 
load current. This method has the strengths of feed-
forward and feedback control strategies, on the expense of 
complexity and time delay. 
 

4.2 Non-Linear Controllers 
The nonlinear controller is more suitable than the linear 
type since the DVR is truly a non-linear system due to the 
existence of power semiconductor switches in the inverter 
bridge. The most non-linear controllers are the Artificial 



          International Research Journal of Engineering and Technology (IRJET)               e-ISSN: 2395-0056 

               Volume: 02 Issue: 05 | Aug-2015           www.irjet.net                                                      p-ISSN: 2395-0072 

 

© 2015, IRJET                                            ISO 9001:2008 Certified Journal                                                        Page 1122 
 

Neural Networks (ANN), Fuzzy Logic (FL) and Space 
Vector Pulse Width Modulation (SVPWM). ANN control 
method has adaptive and self-organization ability. ANN 
has intrinsic learning capability that can give enhanced 
precision by interpolation. FLCs are an attractive choice 
when precise mathematical formulations are impossible. 
When an FLC is used, the tracking error and transient 
overshoots of PWM can be noticeably reduced. SVPWM 
control strategy is to implement a space vector of the 
inverter voltage to acquire enhanced performance of the 
alternative is gained in low switching frequency 
conditions. 
 

5. COMPENSATION TECHNIQUES 
There are four types of compensation techniques: 
1. Pre-sag/Dip compensation 
2. In-phase compensation 
3. In-phase Advanced compensation 
4. Voltage tolerance method with minimum energy 

injection 
 

5.1 Pre-sag/Dip Compensation 
This method tracks the supply voltage continuously and if 
it detects any disturbances in supply voltage it will inject 
the difference voltage between the sag or voltage at PCC 
and pre fault condition, so that the load voltage can be 
restored back to the pre-fault condition. Compensation of 
voltage sags in the both phase angle and amplitude 
sensitive loads would be achieved by pre-sag 
compensation method as shown in figure 4. In this method 
the injected active power cannot be controlled and it is 
determined by external conditions such as the type of 
faults and load conditions. The voltage of DVR is given 
below: 

 

 

Fig -4: Pre-sag/Dip compensation 

5.2 In-phase Compensation 
This is the most undemanding method. In this method the 
injected voltage is in phase with the supply side voltage 
irrespective of the load current and pre-fault voltage. The 
phase angles of the pre-sag and load voltage are different 
but the most imperative criteria for power quality is the 
constant magnitude of load voltage are satisfied. 

 

One of the advantage of this method is that the amplitude 
of DVR injection voltage is minimum for certain voltage 
sag in assessment with other strategies. Pragmatic 
submission of this method is in non sensitive loads to 
phase - jump. 

5.3 In-phase Advanced Compensation 
The authentic power exhausted by the DVR is decreased 
by minimizing the power angle between the sag voltage 
and load current. In case of pre-sag and in-phase 
compensation method the active power is injected into the 
system during turbulence. The active power supply is 
limited stored energy in the DC links and this part is one of 
the most over-priced parts of DVR. The minimization of 
injected energy is achieved by making the active power 
component zero by having the injection voltage phasor 
perpendicular to the load current phasor. The values of 
load current and voltage are fixed in the system so we can 
change only the phase of the sag voltage. 

 

Fig -5: In-phase compensation 
 

5.4 Voltage tolerance method with minimum 
energy injection 
Load tolerates the small drop in voltage and small jump in 
phase angle. If the voltage magnitude lies between 90%-
110% of nominal voltage and 5%-10% of nominal state 
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that will not disturb the operation characteristics of loads. 
Both the magnitude and phase are control parameters 
which can be achieved by small energy injection. 

 
 
Fig -6: Energy optimization technique 
 
Table -1: System Parameters 
 
Sr. 
No. 

System 
Quantities 

Standards 

1 Source 3 - phase, 13kV, 50Hz 

2 Inverter 
parameters 

IGBT based, 3 arms,  6 
pulse, Carrier Frequency 
= 1080 Hz, Sample Time 
= 5 μs 

3 PI controller  = 0.5,  = 30, 

Sample time = 50 μs 

4 RL load Active power = 1 KW, 
Inductive Reactive 
Power = 500 VAR 

5 Motor load Voltage  = 460 V, 

Frequency 50 Hz 

6 Three winding 
transformer 

Y/ /  13/115/115 kv 

7 Two winding 
transformer 

/Y 115/11 kv 

 

 

6. DVR TEST MODELS 

 
Fig -7: Simulink model of the normal system 
 

6.1 Linear load with the condition of voltage sag 
 

 
Fig -8: Output results 
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Fig -9: Load voltage without DVR 

 
Fig -10: Load voltage with DVR 
 

6.2 Induction Motor as non-linear load with the 
condition of voltage sag 
 

 
Fig -11: Output results 
 

 

Fig -12: Load voltage without DVR 
 

 
Fig -13: Load voltage with DVR 

7. CONCLUSIONS 
In this paper, a fast and cost effective Dynamic Voltage 
Restorer (DVR) is proposed for mitigating the problem of 
voltage sag or dip and other fault conditions in industrial 
distribution systems, specially consisting of the induction 
motor load. It is clear from the results, that the power 
quality of the system with linear load and induction motor 
as load is increased in the sense that the THD and the 
amount of unbalance in load voltage are decreased with 
the application of DVR.  
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