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Abstract: The occurrences of sag and swell in electric supply is
termed as a problem of concern, since it affects the energy quality.
To maintain energy quality, it is necessary to eliminate these
factors to a great extent. The device used for this purpose is known
as DVR which stabilizes the quality of power supply by
compensating sag and swells and critical load connected to the
industry remains unaffected. DVR is ideal for the application in
industries because of its features i.e. low cost, small size, and its
rapid response to disruption. In this work, DVR is used to
eliminate voltage sag and swell and for one more application i.e.
fault compensation by injecting missing voltage from the
auxiliary power source.
Keywords : DVR, Sag, Fault, Swell, Compensation

I. INTRODUCTION

Electric supply means a pure sinusoidal voltage wave [1]. A
high degree of the sinusoidal waveform is produced at the
power station but due to the use of indirect devices and in
error, the quality of the sinusoidal waveform is compromised
and for this reason, energy efficiency devices are needed.
Since power quality is critical to the performance of
communication devices, heavy industrial resources, etc. Now
the load requires a constant sinusoidal wave and constant
frequency but due to voltage sag and swelling and slowing of
supply quality is affected. Among the named disturbances
voltage sags and swelling are one of the most dangerous
because sensitive devices are very sensitive to short-term
voltage fluctuations. Voltage sag is defined as a dip in the
voltage for a very short period this can create a major problem
for the equipment.
Voltage sag can cost a huge amount of money loss
depending on damaged goods, circuit breakdowns, short term
errors, etc. This is why we need energy-adjustment devices
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with critical energy. Voltage sag/swells occur as a result of a
single line in-ground faults, a double line in-ground fault, or
due to the start of installed motors. Most of the errors are
self-explanatory but if they fail to clarify then it is everyone
who breaks the correct cycle to clear the error.
II. DYNAMIC VOLTAGE RESTORER (DVR)
DVR is a power device used in power transmission to
control the supply voltage problem. The DVR is nothing other
than an inverter used to power the series power supply with an
engine transformer in power supply now this injection is done
with the help of high IGBT inverters. Since IGBT provides
high-frequency switching which is why it provides effective
control of the sags and swelling in supply [2-8].
III. CONTROL STRATEGIES
Following are the control strategies used in DVR to control
its operation i.e. the injection/absorption of voltage to/from
circuit. Typically, there are three types of power recovery
strategies which depend on the type of load used. However,
the best strategy is the one which use least power from the
battery.
A. Pre-sag Compensation Method
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Fig. 1. Vector diagram of a pre-sag method
Fig. 1 shows the vector diagram of pre sag method. It is
seen from figure that pre fault voltage is 1 pu, however on the
occurrence of a fault this voltage reduces to a level less than 1
pu. This decrement in voltage is compensated by DVR which
settles the voltage equal to the Perrault voltage. DVR is used
to compensate the voltage as well as the angle.
Where, VL=Voltage before the fault. VDVR=Voltage injected
by the DVR. Vpcc=Voltage of the bus after the fault
B. In-Phase Voltage Injection Method

Fig. 2. Vector diagram of an in-phase method
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It is seen from Fig. 2 that the only difference between this
method and the previous method is that the voltage injected
by the DVR in the bus is in the phase with the bus voltage after
the fault has occurred.
C. Voltage Tolerance Method with Minimum Energy
Injection

Fig. 3 is used to describe this method. The main goal of this
method is that the angle between the load current and the
voltage applied by the DVR is 90 degrees. So the power input
to the supply is energy efficient
Pload =VL* IL cos α
(1)
Psource = Vs * IL cos β
(2)
Pinj = Psource - Pload = IL (Vs cos β -VL cos α)
(3)
Where, IL is the load current. α is the angle between VL and IL
β is the angle between Vs and IL .

Fig. 3. Vector diagram of voltage tolerance method
IV. CONTROLLER AND SIMULATION MODEL
The configuration of this controller is given in Fig. 4. This
controller has various components like abc to d-q-0, Low pass
filter, P-I controller, pulse generator. The various elements
perform functions like, abc to d-q-0 is used to convert the
varying 3 phase voltage to 3 phase fixed dc voltage, so that
comparison of voltages can be done. The filters in this
controller are generally low pass filters which are set at 50Hz

and the P-I controller is used to improve the steady-state
response of the output of the DVR. Once the function of
different elements is over, finally a pulse is created. Based on
this pulse duration DVR open and close its switches,
corresponding to the faults that have occurred during that
period.

Fig. 4. Synchronous Reference Frame Theory (SRFT) based Controller
In Fig. 4, the value of f(u) is given by
VLp =√2 ( 2+ 2+ 2)/ 3
Where, VLp =Magnitude of load voltage in p.u.
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Fig. 5. Simulation Model of Fault using DVR in MATLAB
Fig. 5 shows the simulation model used in MATLAB to check the performance of DVR. It is seen that DVR is connected
through the injection transformer to the transmission line.
pre-fault value. However, it is seen that in this authors are able
to compensate the fault voltage to almost 50% of the original
V. SIMULATION RESULTS
value.
The authors have created different faults using 3-phase
creator block. The performance of DVR is noted for L-G, B) DOUBLE LINE TO GROUND FAULT
L-L-G, sag and Swell cases. However, in this paper there are
The performance of the DVR has also been checked on
only few results have been discussed. It is also seen from the another fault case i.e. L-LG.
results that DVR is working satisfactory in compensating
faults as well as eliminating sag and swells from the line
voltage.
Fault is termed as the condition which disturbs voltage and
current of different phases. If it persists for a long time the
system is subjected to severe effects.
A) SINGLE LINE TO GROUND FAULT
Single line to ground fault means the short circuit between
a phase of the supply to ground. In this work, a L-G fault is
created using 3-phase fault block by selecting a phase and
ground only.

Fig. 7. Double line to ground fault
It is seen from the Fig. 7 that the voltage of both the phases i.e.
Y and R become zero, once the phases have been affected by
fault. In this case too, DVR is used to bring back the voltages
of the faulted phases to the natural values. It is also seen that
DVR compensates the voltage of the faulted phases upto 50%
of the original values.

Fig. 6 Single line to ground fault
Fig 6. Shows the result associated with L-G fault. It is seen
that on occurrence of this fault, that particular phase becomes
short circuited and the corresponding voltage of that phase
becomes zero, i.e. phase Y (yellow) in this case.
This is where DVR comes into picture. On occurrence of a
fault DVR sense fault and starts functioning. DVR starts to
inject the missing power into the phase which is being
shorted, so that it can be compensated to its original value i.e.
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C) UNBALANCE SUPPLY
There are conditions where disturbance in supply becomes
natural. This disturbed supply voltage affected the
performance of various devices connected to that and
ultimately cause problem in satisfactory working of the
devices. Therefore, it is necessary to eliminate disturbances
from the supply for power quality point of view.
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Fig. 8. Unbalanced supply voltage
Fig. 8 shows the unbalance supply and the resulted supply
using DVR. It is seen that earlier unequal supply i.e. different
voltages level in all phases have been seen. Some phases have
voltage greater than 1 pu while others have less than 1 pu.
Using DVR the voltages in all phases become 1 pu.
Therefore, a balance supply is achieved using DVR.
VI. CONCLUSION
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In this paper, authors have successfully used DVR for three
different cases. The performance of DVR has been checked
for faults as well as unbalance supply cases. It is seen from
results that DVR is working satisfactory in all three cases. The
voltage of particular phases in case of L-G or L-L-G faults
have been restored to the 50% of the original value using
DVR. It is also seen that using DVR the unbalance supply has
been fix at the balance level. Therefore, it can be evident that
DVR is an important tool in power quality context.
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