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ABSTRACT

This paper represents the modelling and simulation of dynamic voltage restorer (DVR) ,which is one of the most
commonly known custom power device which is used for protection of sensitive loads against voltage sag. As the
technological developments have been at its peak power quality improvement have become a important aspect of
power system. The main function of power system is to provide their consumers a continuous power supply all the
time, but in general practice it is the main concern of power system engineers. However there are some of the loads
like sensitive loads (e.g. medical labs devices), in which voltage sag/swell in the supply system are not desirable.
For the improvement of power quality custom power devices like dynamic voltage restorer (DVR) is simulated in
power system. The main purpose of the DVR is the injection of voltage to power line and uphold the pre-sag voltage
condition in the sensitive load side, it is the most efficient and effective modern custom power device used in power
distribution networks. The controlling of the system is done using PI controller. The proposed DVR is modelled and
simulated using MATLAB software.
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be located at the location of common coupling i.e., at the
customer end. The performance of the DVR relies upon on
the overall performance of the control approach worried in
switching of the inverters subsequently special manage
method like discrete PWM scheme using PI controller. It is
based totally on the comparison between the overall
performance of PI controller.

I. INTRODUCTION

This paper shows the systematic technique of the modeling
and simulation of a Dynamic Voltage Restorer (DVR) for
power quality problems, voltage sag and swell primarily
based on Sinusoidal Pulse Width Modulation (SPWM)
technique and PI control approach. nowadays, massive
utilization of sensitive and non-linear hundreds at the
purchaser end is growing day by day and as a result the
power quality is an essential thing that to be considered.
Power Quality is a set of electrical boundaries that lets in 1.
piece of device to characteristic in its supposed way without

II. METHODS AND MATERIAL

Power Quality Problems

loss of performance or life expectancy. Power Quality
problems like transients (each impulsive and oscillatory
transients), interruptions, voltage sag, voltage swell,
waveform distortion, voltage fluctuations, and frequency
variations are common inside the machine. There are two

The electricity disturbances occur on all electrical
system, the sensitivity of state of electronic devices
make them greater liable to the high-quality of strength
deliver. For some sensitive devices, a short-term

approaches to control such problems. One solution is to
achieved from client side or from the utility end. This
technique is known as load conditioning. The other technique
is to put in the line conditioning system or gadgets that
counter act with these problems. Here the DVR we use is to
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disturbance can motive scrambled data, interrupted
communications, a frozen mouse, system failure and
equipment damage. A voltage spike can harm precious
components.Power quality problem encompass a wide
variety of disturbances such as voltage sags, voltage

345



swells, sparkles, harmonic distortions, impulse
transients, flicker and interruptions.
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Figure 1. Power Quality Problems in Percentage
2. DVR

Dynamic voltage restoration (DVR) is a way of
compensating voltage sags that occur in electric power
distribution system. These sags caused by faults and
overloading consume power and it decrease the
performance of a power devices. DVR saves power via
voltage injections which can affect the phase and wave-
shape of the energy being provided devices for DVR
consist of static variable devices, which are series
compensation equipments that use voltage source
converters (VSC). The fundamental principle of the
dynamic voltage restorer is to inject a voltage of
required value and frequency, so that it can restore the
load side voltage to the favourable amplitude and
waveform even when the supply voltage is unbalanced
or distorted. Commonly, it employs a gate turn off
thyristors (GTO) stable power digital switches in a
pulse width modulated (PWM) inverter structure. The
DVR can generate or take in independently controllable
real and reactive energy at the load side. In different
phrases, the DVR is fabricated from a strong nation
DC-AC switching electricity converter that injects three
segment AC output voltages in series and in
synchronism with the distribution and transmission line
voltages.

3. Components of DVR
The power circuit of DVR includes following principal

five elements: Voltage supply inverter (VSI), Voltage
injection booster transformer, DC electricity storage
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Device, low bypass harmonic filter and a as shown in

Figure 2.
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Figure 2. Components of DVR
A. Injection/Booster Transformer

Its primary characteristic is to step up the ac low
voltage supplied by the VSI to the specified voltage. It
is custom made designed transformer that attempts to
restriction the coupling of noise and transient strength
from the primary side to secondary. It connects the
DVR to the distribution network through the HV
windings. In addition to this, it also provides the
isolation of the load from the system. In case of 3 ph
DVR, three single phase injection transformers are used.

B. Passive Filter

A passive low pass filter consists of inductors and
capacitors. it can be placed either at HV side or the
inverter side of the injection/booster transformer. It is
used to clear out the switching harmonic components
from the injected voltage . By placing the passive filter
at the inverter side , the higher order harmonics are
avoided from penetrating into the transformer. When
the filter is placed at the HV side , the harmonics can
penetrate into the excessive HV side of the transformer ,
a high rating is required.Filter has a small score
approximately 2% of the burden MVA related to delta-
connected tertiary winding of the injection transformer.

C. Voltage Source Inverter

The Voltage source Inverter (VSI) converts the dc
voltage from the DC storage unit(or the dc hyperlink) to
a controllable 3 phase ac voltage. This voltage is
injected by the injection transformer to the principle
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system. The inverter switches are commonly fired by
using of a sinusoidal Pulse Width Modulation (PWM)
Technique. The PWM generates sinusoidal signals
through evaluating a sinusoidal wave with a saw spike
wave and sending appropriate alerts to the inverter
switches. Generally the score of VSI is low voltage and
high current because of the usage of step up injection
transformers.

D. DC Energy Storage Device

The main function is to deliver the vital energy to the
VSI through a dc link for the generation of injected
voltages. The various forms of strength storage gadgets
are superconductive magnetic energy storage (SMES),
batteries, fly wheels, supercapacitors and capacitors.
The capacity of the saved power at once determines the
duration of the sag which may be mitigating by using
the DVR. Batteries are the not unusual choice and can
be relatively powerful if a HV configuration is used.
This HV string of batteries may be placed across the
regulated dc bus with few or no extra circuitry. For
Batteries and SMES, DC-AC conversion (inverters) is
necessary, wheareas  for flywheels AC to AC
conversion required

4. DVR Equation
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Figure 3. Equivalent Circuit diagram of DVR

The system impedance Zy, depends on the fault level of
the load bus. When the system voltage (V) drops, the
DVR injects a series voltage Vpyr through the injection
transformer so that the desired load voltage
magnitudeVL can be maintained. The series injected
voltage of the DVR can be written as
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Varr=V,-VentILZen
Where
V, : The magnitude of voltage across the load
Z:p : The load impedance.
I; : The load current
Vin : The system voltage during fault.

The Load current I is given by
[=(P.HjQu)/V
Taking V| as a reference the equation can be written as

Vpvrs0 =V, 20 + Zyy (B — 8) — Vi 28
ao,p and o are the corresponding angles of Vpyr,Zry, Vru
respectively and 0 is the load angle.
0= tan'(Q./Py)
The complex power injected by DVR is given by

— *
Spvr=Vpvr*IL

5. VL. Voltage injection methods of DVR

Voltage injection techniques of a DVR depend on the
limiting elements such as; DVR power ratings, diverse
situations of load, and distinctive kinds of voltage sags.
Sensetive loads towards phase angel jump and some
are sensitive in the direction or change in magnitude
and others are tolerant to these. Thus the compensation
techniques totally deponds upon the type of load.

There are four different methods of DVR voltage
injection which are as follows:

A. Pre-sag compensation method

~

Figure 4. Pre sag compensation
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The pre-sag technique monitors the supply voltage
constantly and if it detects any disturbances in supply
voltage it will inject the difference voltage among the
sag or voltage at the point of common coupling and
pre-fault situation, in order that the load voltage can be
restored to the pre-fault condition. Compensation of
voltage sags in the both phase angle and magnitude
sensitive hundreds might be completed by using pre-sag
compensation technique. In this method the injected
active power cannot be controlled and it is decided by
external conditions which include such type of faults
and overload situations

B. In-phase compensation method
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Figure 5. Sag Compensation During Fault

In this technique the injected voltage is in phase with
the supply side voltage regardless of the load current
and prefault voltage. The phase angles of the presag and
load voltage are different however the most significant
criteria for power quality that 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 a certain voltage sag in
evaluation with other strategies. Practical application of
this technique is in non-sensitive loads to the jump in
phase angle.
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C. In-phase advanced compensation
method(IPAC)

In this method the real power spent through the DVR is
reduced by minimizing the power angle & between the
sag voltage and load current. In case of pre-sag and in-
phase compensation technique the active power is
injected into the system all through disturbances. The
active power supply is limited stored power in the DC
links and this element is one of the maximum-priced
parts of DVR. The minimization of injected power is
finished by making the active power component zero
by making the injection voltage phasor perpendicular to
load current phasor.

In this method the values of load current and voltage
are fixed in the system so we can change the phase of
the sag voltage. IPAC technique uses only reactive
power and unfortunately, not all the sags may be
mitigated with out real power, accordingly, this
approach is suitable for a limited range of sags.

D. Voltage tolerance method with minimum
energy injection
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Figure 6. Sag compensation with minimum energy

A small drop in voltage and small jump in phase angle
may be tolerated by means of the load itself. If the
voltage magnitude lies among 90% to 110% of nominal
voltage and 6%-10% of nominal state will no longer
disturb the operation characteristics of loads. Both
magnitude and phase are the control parameter for this
approach which can be performed through small energy
injection
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III. RESULTS AND DISCUSSION

Simulation on MATLAB

A. Parameters for system without DVR

Table 1. Parameters for system without DVR.
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Source Voltage

3-Phase, 66 kV, 50Hz

Source Voltage

3-Phase, 11 kV, 50Hz

Transformer 2

Rating — 20 MVA, Y-Y
type, 66kV/415 V, 50 Hz
Ri=0.12 p.u, L1=0.48 p.u.
R,=0.7545pu,L,=3.018
p.u

R,=L,=500 p.u.

Line Inductance
Line Resistance

1.33uH
0.001Q

Transformer 1

Rating — 20 MVA, Y/A/ A
type, 11 kV/66kV/66kV, 50
Hz

R;=0.002 p.u ,
p.u
R,=0.12pu.,L, =048 p.u.
R, = L,=800 p.u.

L,=0.08

Transformer 3

Rating —20 MVA, Y-Y
type, 11kV/440, 50 Hz
Ri=0.12 p.u, L1=0.48 p.u.
R,=0.7545p.u,L,=3.018
p.u.

Transformer 2

Rating — 20 MVA, Y-Y type,
66kV/11 KV, 50 Hz

Ri=0.12 p.u., L;=0.48 p.u.
R, =0.7545pu,L,=3.018

p.u.
R,=L,=500 p.u.

R,=L,=500 p.u.
Critical load parameter | R=20Q, L=1mH
DC source 1200 V
Filter C=0.002 uF

Circuit breaker

Ron=0.001, Rp IM Q,Time
0.1t00.2 sec

Inductor

1.43mH

Inverter

3 phase ,6 pulse, IGBT
inverter

Transformer 3

Rating — 20 MVA, Y-Y type,
11kV/440, 50 Hz

Ri=0.12 p.u., L;=0.48 p.u.
R,=0.7545pu, L,=3.018

p.u.
R,=L,=500 p.u.

B. Parameters of System with DVR

Table 2. Parameter of System with DVR.

Source Voltage

3-Phase, 66 kV, 50Hz

Line Inductance
Line Resistance

1.33uH
0.001Q

Transformer 1

Rating — 20 MVA, Y/A/ A
type, 11 kV/66kV/66kV, 50
Hz

R;=0.002 p.u ,
p.u.

L;=0.08

R,=0.12pu.,L,=048 p.u.

R, = L,=800p.u.

C. Power System without DVR

Single line diagram of the power system which is used
to evaluate the performance of the proposed DVR
control system under different fault scenarios, using the
MATLAB/SIMULINK software. In this paper, two
different types of loads are considered. One is the

resistive-inductive (R-L) loads sudden change in load is

one of the reasons of voltage sag/swell. The second one
is sensitive loads which are adversely affected by

voltage sags

Figure 7. System without DVR
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Above figure shows Single line diagram of power
system feeding two parallel lines. The fault is occurring
in second line for duration 0.1 to 0.2 second. All data
taken for simulation are mentioned in table6.1

s VY i i ARA Vi L
a 501 1000 1500 2000 2500 3000 3500 4000 4500 5000
time in sec

Figure 8. Voltage waveform

D. Power system with 3 phase fault.

This is the second test system for DVR is composed by
a 13 kV, 50 Hz Generation system, feeding
transmission line through a 3-winding transformer
connected in Y/A,13/115KV/115KV. Such transmission
line feed distribution network through step down
transformer connected in A/Y, 115/11 kV. To verify the
working of DVR for voltage compensation a fault is
applied at point X at resistance 5 ohm for time duration
of 0.1 s.

Figure 8. Power system with 3 phase fault
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Figure 6.4.2 Simulation result of voltage waveform

E. Power system with DVR

This is the third test system for DVR is composed by a
13 kV, 50 Hz Generation system, feeding transmission
line through a 3- winding transformer connected in
Y/A,13/115KV/115KV. Such transmission line feed
distribution network through step down transformer
connected in A/Y, 115/11 kV. To verify the working of
DVR for voltage compensation a fault is applied at
point X at resistance 0.066 ohm for time duration of 0.1
s. The DVR is simulated to be in operation only for the
duration of the fault.

Figure 9. Power system with DVR

350



1l I
aopb LI L L

I

IR
NI

Tt
l .L .I.\..L.I L it

[RETCREEET EXTEREER AERRRY RN
N

it y[\'\ln|
I

b

i

06

1

n

Figure 11. Voltage injected by DVR
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Figure 13. P.U Voltage at load point, with 3-@ fault,
without DVR
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Figure 14. P.U Voltage at load point, with 3-@ fault,

with DVR

IV. CONCLUSION

The DVR with the proposed controller can improve the
Voltage profile of the power system during different
kinds of disturbances. A DVR model will develop with
all the necessary components and controllers in order to
demonstrate its effectiveness in maintaining a fast
voltage regulation at any bus bar. By simulation process
under the MATLAB (Simulink) environment, a DVR
will be modelled efficiently. Voltage sag has been

simulated by the application of a sudden load in the
existing feeder. The sag so generated has been

compensated

using the modelled DVR .But more

efficient results are expected with use of PWM inverter
and PI controller for control purpose.
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