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Abstract- The most important aspect for electrical
engineering is power quality in recent year. Power
quality problem is an event of abnormal voltage, current
or frequency. Utility distribution networks experience
from various types of disturbances. The major problems
dealt here are the voltage sags/swells. Now the fast
developments in power electronics technology have
made it possible to mitigate power quality problems.
Such as, dynamic voltage restorer can provide the most
mercantile solution to compensate voltage sag/swell by
injecting voltage in to the sensitive system. Dynamic
Voltage Restorer is a series connected power electronics
based device that can mitigate the power quality issues
in the system and restore the load voltage to the pre-
fault value. This review paper first gives an introduction
to related power quality problems for a DVR and power
electronics  controllers.  for  voltage  sag/swell
compensation. Afterwards the operation and elements in
DVR is described by using new control strategy.
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. INTRODUCTION

Voltage sags and swells in the industrial distribution
system are the most severe disturbance at electrical grid
because of the sufficient clearing time of the faults which
create voltage sag and propagation of sags from the
transmission and distribution system to the low voltage
loads [1]. Voltage sags are decrease of the normal voltage
level between 10 to 90% of rms voltage, for durations of 0.5
cycle to 1 min. Voltage swells are increase of the voltage
beyond the normal voltage level with duration of more than
3 cycles [2].

There are many types of methods are used to compensate
the power quality issues mostly voltage sags and swells are
active power filters, battery energy storage systems,
Distribution static synchronous compensators, distribution
series capacitors, surge arresters, super conducting magnetic
energy systems, static electronic tap changers, solid state
transfer switches, solid state fault current limiter, static
VAR compensators, Thyristor switched capacitor,
Uninterruptable power supply (UPS) and and Dynamic
Voltage Restorer (DVR). One of them is the use of FACTS
for the transmission system which improves just power
transfer capability and stability margins. Also by using
transformer taps possibility of compensating the sags and

Swells is low because of the tap changing under load goes to
very costly.

The most frequently used way to improve power quality
issue is to install DVR on the sensitive load side which
provide both voltage compensation and fault current
limiting Functions [3]. DVR is a recently proposed series
connected solid state device which injects voltage into the
system by using injecting transformer to regulate the voltage
at the sensitive load side. It is normally installed in a
distribution system between the supply and the sensitive
load line at the point of common coupling (PCC) [4].
Reduces the transient response and steady error due to the
inclusion of controller. In this paper the DVR system acts as
virtual impedance. This system can be used to protect a
group of customers when the fault occurrence is in the
DVR’s feeder and the large fault current passes through that
DVR. This DVR can limit the faulted current and protect the
sensitive loads in parallel feeders until the breaker works
and disconnects the faulted feeder. In this system, the DVR
acts like a pure effective inductance which does not take any
real power from the external source and hence, it protects
the dc link capacitor and battery [5]. However, it continues
to consume the energy in the dc link capacitor [2].

The first DVR was installed in North America in 1996 - a
12.47 kV system located in Anderson, South Carolina. Since
then, DVRs have been applied to protect critical loads in
utilities, semiconductor and food processing.

A. Principle of DVR:

The basic functioning principle of a DVR is to introduce
a voltage of essential magnitude and phase in series with a
distribution feeder to preserve the desired Amplitude and
waveform for the load voltage [4]. Furthermore, the
compensation potential is sensitive to the load level, and is
independent of the system short circuit capacity and the
installation position. To recover the mitigation capability of
DVR, such as the large amplitude or long duration voltage
variation, the energy storage unit is necessary to supply the
power transfer during the voltage compensation [5].

Il. PERFORMANCE OF DVR SYSTEM

Loads connected downstream of the DVR are thus
confined from any power quality problems due to faults
occur on the network. The location of DVR, in terms of the
connection arrangement of upstream injection transformers
and type of protection is to propose to potentially sensitive
loads, is a major factor when determining the type of the
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inverter control requisite. The DVR is located downstream
of a delta-star distribution transformer [8].

A. Basic Configuration of DVR:
The conventional DVR basically consists of:

An Injection/ Booster transformer

A Harmonic filter

Storage Devices

A Voltage Source Converter (VSC)

DC charging circuit

A Control and Protection system.

A schematic diagram of a conventional DVR built-in into a
distribution network is shown in fig.1.
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Fig.1. Block Diagram of DVR

1. Injection Transformer- The Injection transformer
is a specially designed transformer that attempts to
limit the pairing of noise and transient energy from
the primary side to the secondary side.

2. Harmonic Filter- The harmonic filter is inserted to
reduce the switching harmonics; common :sources
of harmonics are electronic loads. Due to these
sources of harmonics, harmonic currents generate
harmonic voltage as they pass through the system
impedance. These harmonic equipments can cause
input voltage fluctuations, additional heating, over
voltages in power system.

3. Storage Device- A DC-link voltage is used by the
VSC to produce an AC voltage into the grid and
during a majority of voltage sags active power
injection is required to restore the supply voltages.

4. DC Charging Circuit-It has two main tasks:
Firstly is to charge the energy source after a sag
mitigation event. The second task is to continue dc
link voltage at the supposed dc link voltage.

5. Voltage Source Converter- The converter is most
likely a Voltage Source Converter (VSC), which
Pulse Width modulates (PWM) the DC from the
DC-link/storage to AC-voltages injected into the
system. A VSC is a power electronic device
consists of a storage device and switching devices,
which can generate an AC voltage at any essential
frequency, magnitude, and phase angle. In the
DVR application, the VSC is used to provisionally
replace the reference voltage or to generate the part
of the supply voltage which is missing.

The MVA rating is calculated by using power calculation
equation by considering safety margin indicated as Ks. V1 is
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primary voltage of the injection transformer and 11 is the
primary current rating of the injection transformer.

P=KsVi1l1 (D)

The rating of the injection transformer can be calculated
by using equation 2.

Vinj=DVr )
Vs = (1-D) Vr 3)

Vr is the rated rms voltage of the primary feeder; D is the
maximum single phase voltage sag to be compensated
(D<1); Vinj is the injection voltage. The filter is inserted to
reduce the switching harmonics generated by the VSC. The
active filters can compensate the harmonics having different
frequencies. The converter is most likely a Voltage Source
Converter (VSC), which Pulse Width modulates (PWM) the
DC from the DC-link/storage to AC-voltages injected into
the system [5].

B. Equation related to DVR:

The equivalent circuit diagram of DVR is illustrated in
Fig. 2.
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Fig.2. Equivalent circuit diagram of DVR

PL+jQL

The system impedance (Zth) depends on the fault level of
the load bus. When the system voltage (Vth) drops, the
DVR injects a series voltage Vdvr through the injection
transformer so that the needed load voltage magnitude VL
can be maintained [6]. The series injected voltage of the
DVR can be written as:

Vdvr=VL+ Zth 12—V 4
Vdvr = VL + Zth IL - Vth (5)
Zth = Rth + jXth (6)

_ [PL-jQL
-] o

I1l. TOPOLOGIES FOR DVR

There are different topologies used for DVR are:
1. DVR topology with no energy storage: DVR topologies
with no energy storage utilize the fact that a considerable
Part of the source voltage residue present during the dips
and this enduring supply can be used to provide the enhance
energy requisite to maintain full load power at rated voltage.
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An inactive shunt converter is used because only
unidirectional power flow is supposed required and it is
low-priced clarification for voltage sag. Two basic
topologies can be used, which are categorized here
according to the location of shunt converter [8].
System-1- Supply side connected shunt converter:
The supply side connected converter has an unmanageable
dc-link voltage and the passive converter will charge the dc-
link capacitor to the real state of the supply voltage. The dc-
link voltage is approximately equal to the peak phase-phase
value of supply voltage and hence, during voltage sags the
dc-link voltage drop proportionally to sag voltage according
to,
Vdc:Vsupply:a’ (8)

The maximum pu voltages for the shunt and series converter
can be expressed as

Vshunt=1 &V series=1-ar (9)
System-11- Load side connected shunt converter: With the
load side connected shunt converter, the input voltage to the
shunt converter is embarrassed and the dc-link voltage can

be supposed almost constant by inserting sufficient voltage.
Vdc =Vload = a + Vdvr (20)

2. Topology with energy storage: Storing of electrical
energy is high-priced but for certain types of voltage dips
the performance of the DVR can be improved and the
damage on the net connection is lower. Two methods are
discussed here and in both the current flow from the grid is
unchanged during a voltage sag.

System-I11- Variable dc-link voltage energy stored in dc link
capacitor: Storing energy in the dc link capacitor is well
suited solution for DVRs. A simple topology can be
operated with a variable dc-link voltage. The stored
energyEstorage IS proportional to the square of the rated dc-
link voltage.

Estorage=12Cch2dc, (ll)
System-1V- Constant dc-link voltage: Direct energy storage
method such as batteries or super capacitors can be used in a
DVR by adding together detach high power rating converter
to the system. Energy transferred from large energy storage
to a analogous rated dc-link storage using this converter
during sag. Hence the dc-link voltage remains constant.

IV.INJECTION METHODS

Voltage injection or compensation methods by means of
DVR depend upon the DVR ratings, various conditions of
load, and different types of voltage sags and swells. To
compensate the voltage sag and swell there are 4 types of
DVR voltage injection methods are as follows:

Pre-sag compensation method
In-phase compensation method
Phase Advance compensation technique
4. Energy optimization technique

Comparative to all above method pre-sag compensation
method is widely used. Here we uses the non-linear load
hence we prefer the pre-sag compensation method because
both the non-linear load voltage magnitude and phase are

wn e
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restored the pre-sag values. But in case of in-phase method
only load voltage magnitude is considered [7].

1. Pre-sag compensation method-

The pre-sag method tracks the supply voltage
continuously and if it detects any distraction in supply
voltage it will inject the difference voltage between the sag
or voltage at PCC and pre-fault condition, hence the load
voltage can be restored back to the pre-fault condition. In
this method control of the injected active power cannot be
possible and it is determined by external conditions such as
the type of faults and load conditions [8][9].

Vdvr = Vprefault —Vsag (12)

Fig.3. Pre-sag compensation method

2. In- phase compensation method-

In order to mitigate the voltage sags, DVR used In-
phase compensation technique is the most straight forward
method. In this technique the supply side voltage is in phase
with the injected voltage irrespective of the load current and
pre-fault voltage. In unbalanced dips, in-phase injection
means to mitigate the nominal load voltage magnitude along
the same phase as that of the supply voltage. This method
cannot correct the phase jump. Fig.4. shows the phasor
diagram of In-phase compensation method used by DVR for
mitigating the voltage sags [8]. The DVR inject the voltage
in In-phase compensation method is given as:

Vdvr = Vinj (13)
[Vinj| = |Vpre — sag| — |Vsag| (14)
<Vinj = Oinj = Os (15)

Vpre-sag

Vsag /

—— _,/
N Vinj-in phase

Fig.4. In-phase Compensation Method

3. Phase Advance compensation technique-

In this method the real power depleted by the DVR is
decreased by minimizing the power angle between the sag
voltage and load current. In pre-sag and in-phase
compensation method the active power is injected into the
system during power quality disturbances. The active power
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supply is some degree of stored energy in the DC links. The
minimization of injected energy is achieved by building the
active power component zero by having the injection
voltage phasor perpendicular to the load current phasor.
This method consisting the values of load current and
voltage are fixed in the system so we can change only the
phase of the sag voltage. In Phase Advance Compensation
method uses only reactive power and unfortunately, not all
the sags can be compensated without actual power, as a
effect, this method is only suitable for a limited range of
sags. Fig.4. shows the phasor diagram of phase advance
compensation method [9].

Vpre-sag

Fig.5. Phase Advance compensation method

4. Energy optimization technique-

Another active scheme is to use as much mechanical
power as probable to compensate the sag. Therefore,
the Vdvr is controlled in such a way that the required
compensation voltage of the DVR is controlled
perpendicular to the load current. The fundamental idea
of this scheme is to draw as much active power from
the grid as promising and thus to reduce the amount of
active Power required from the DC-link. As long as the
voltage sag is quite trivial, it is possible to mitigate sag
with pure reactive power and therefore the
compensation time is not limited. In Fig.6, the voltages
for the energy optimized compensation are depicted.
Adjacent to the vast advantage of not requiring active
power, this strategy has in most cases two major
drawbacks. On the one hand, a phase jump occurs and,
on the other hand, the required DVR voltage amplitude
can become quite high. Additionally, the compensation
with pure reactive power is only possible for trivial
sags. If deep sag occurs, a large amount of Active
power is also needed with this strategy [10][11].
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Fig.6. Energy optimization technique

V. CONCLUSION
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This paper has presented a comprehensive study on
performance of DVR. The above study shows that the DVR
is suitable for compensation of voltage sag and swell by the
use of different controlling techniques. From these
discussion paper presents DVR may be work in Inferior
cost, smaller size, and its quick dynamic response to the
disturbance due to power quality issues, Ability to control
active power flow, Higher energy capacity and lower costs
compared to the other active devices and also Less
maintenance required. This study also gives helpful
acquaintance for the researchers to develop a new design of
DVR for voltage disturbances in electrical system. From this
study of DVR applications, this work concluded that the
trends of DVR through the years are still assumed as a
powerful area of research.
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