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Abstract — The work aims to detect and analyze various
power quality improperness that exist in electrical power
system and what the major effects seen over defined
electrical power network. Here development of a novel
voltage controls schemes that can compensate the
detrimental effects of the power quality in three-phase power
systems.In three-phase power systems the power quality is
being affected by the detrimental which can be compensated
through development of novel voltage control schemes. The
voltage sag and swell occurred by faults in power distribution
system can harm power system and user’s facility.Serious
problems in the entire system obtained when voltage sags
occur even for a short duration in sensitive load. Normally,
voltage interruption trigger device protect entire system
prevent its shutdown. Mitigation of power interruption leads
to proposed research is called “DYNAMIC VOLTAGE
RESTORER (DVR).”It corrects the voltage of system for sag
and swell conditions by boosting the voltage during voltage
sag or reducing the input voltage during voltage swell
event.To provide compensation for all possible voltage level
an inverter, a transformer must be required. It mainly based
on the inverter system.Cost and size are the advantages of
thismethod over existing methods which is justified through
experiments and results.

Keywords — Dynamic Voltage Restorer (DVR), Voltage
Sags, Control System, Voltage Source Converter (VSC),
Simulationand Power Quality (PQ), Energy Storage Device
(ESD).

. INTRODUCTION

A power distribution system is similar to a vast network
of rivers. The rest of the power distribution service in not
damaged or interrupted by remove system faults.If a
power distribution system caused with a fault then the
voltage interruption occurred in the power system. The
majority of events are associated with either voltage sag or
a voltage swell, and they often cause serious power
interruptions [1].The voltage on one or more phases drops
below when voltage sag condition limits, it tolerate the
voltage for a short period time.Similarly in voltage swell
condition phases rises above,period time.In power
distribution system voltage sag and voltage swell are
caused by associated with fault.The power distribution
system has power interruption during fault because of the
effect of a voltage sag and voltage swell produced in the
system by the fault. This research is developed with a
novel voltage control which compensates the voltage sag
and swells condition in three phase power systems.For
different user application and sensitivity in wide variety
the power supply of power system through to system and
voltage sags and swells varies for different application.

The DVR is an electronic device generally known as
voltage source inverter and VAR compensation is defined

with the management of undesired limit of reactive power
which is very problematic for ac systems [1]. The systems
and the customer problems are diversified with the VAR
compensation

The power quality problems and performance
optimization of the electrical power system are the major
issues and also intensifying todays. The non-conventional
energy resources are entertained as per the industry and
domestic requirement of energy. The stability of electrical
power system is also an important issue and there must be
minimum transients. The disturbances occur in the system
due to non-linear loads, sometimes the device is improved
for maintaining the power quality which concerns for the
defined power quality standards. The IEEE 519 standard
concerns with the power quality issues and protecting
critical loads [2].

The analysis, design, and voltage injection schemes of
the DVR are discussed in and the different control
strategies for the DVR have been developed in [8].
Instantaneous symmetrical component theory [3], energy
optimized control [4, 6], PQR instantaneous power theory,
symmetrical component estimation, etc., for the DVR are
reported in the literature. Traditionally,thereactive power
compensationhas been done by usingrotating synchronous
condensers and fixed or mechanically switched capacitors
or inductors. However, in recent years, static VAR
compensators are modelled by using thyristor switched
capacitors and thyristor controlled reactors to release
orgain the required reactive power have been developed
Also, the self-commutated PWM converters with an
suitable adaptive control scheme provides facility for the
implementation of static compensators capable of
generating or absorbing reactive current components with
a time response faster than the fundamental power
network cycle [10].

I1. CHARACTERIZATION OF DVR:

This section presents the fundamental, positive-
sequence, steady-state analysis of a DVR-connected power
system as shown in fig.1. The proposed voltage regulation
scheme consists of the following:
= DVR: represented voltage sources Vi, Vi, and Vi
= Supply voltage: represented by sources Vg,, Vsp, and Ve

The DVR is connected between a terminal bus on the
left and aload bus on the right. The voltage sources are
connected to theDVR terminals by a feeder with an
impedance of R+jX studied and assumed that the loads are
balanced and the load impedance is given by Z.=R+jX;.
The phasor diagram of the DVR connected system is
shown in fig. 2.1t is to be noted that the phase angled,
between the load terminal voltagev, and the line current i,
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depends on the load impedance and is independent of the

line impedance or the DVR voltage.

1. The DVR does not supply any real power in the steady
state. This implies that the phase-angle difference
between DVR

Vv,
Ya i, R X s
=D
V6 Gy R X Vi
N @i:L—W\m_@i_ i
V% T R Ve
()i-—b ANLTI0) <>+
Feeder _l DVR , Load

Fig.1. DVR adjustment in the electrical network

To make the magnitude of the load voltage equals to
that of the source voltage, the RIs drop must be less than
NM. If the drop is less than this limiting value, the DVR
must compensate the entire reactive drop in the feeder and
provide additional injection such that the source voltage
becomes V per unit. It is needless to say that the best
choice is the A intersection requiring much smaller
voltage injection from the DVR [9], that means all the
operating possibilities are recognised with the help of this
phasor.

Fig.2. Phasor Diagram Showing Multiple Solutions

DVR aims to regulate the load voltage to 1.0 p.u. Let us
assume that the rms load voltage is given by 1.0 p.u. The
line current is then

| 10

) R| + jX| (]_)

For zero DVR power, its voltage must be in quadrature
to the line current. We then have-

Vi =V [ [ 20 = (2 + ) 2
Where a; + jby is a unit phasor at 90°, again

V+V,; =V, +(R+ JX)I, =V, +a, + jb, @)
Where ay+ jb, represents the feeder drop. Substituting (1)
in (2) and rearranging we get.

V, =V +a,+ -V |(a, + jby) @

The following quadratic equation is then obtained from
the magnitude condition.

V[ -2{a v +a,) +bb, V=0 )

If P;, and Pjgqare the input power from the source and
the load power respectively and similarly, if Q;, and Qjoad

are the input reactive power from the source and load
reactive power respectively, then-

Ider = I:)in - I:)Ioad = 3VZI 'COS¢_ZV1i'Ii COS(¢—C¥+(§})

i (6)
Qur = Qi = Quag :3'\/2'|'Sine(¢)_zvli|i'8in(¢_a+§i)

i ™)

Where i=1, 2, 3. For minimum power operation and given
¢, 6, a, V1, and V2 we have

devr — 0

da
Then

ZV“Ii.sin(¢—a+5i)

®)

if By, >0, then ¢, =g+

Where
Y
=arctan —
p X
X =)V;.c08(6),Y =D V,.sin(s)
P,. =0,then 9)
3\V,.cos ¢

wf(XZjLYZ)

I11. OPERATING MODES OF DVR

Qo =P+ f—arccos

The basic function of the DVR is to inject a dynamically
controlled voltage VDVR generated by a forced
commutated converter in series to the bus voltage by
means of a booster transformer.The DVR has four modes
of operation which are:

i) protection mode

ii) standby mode

iii) injection/boost mode
iv) Buck mode.

i) Protection Mode

If the over current on the load side exceeds a
permissible limit due to short circuit on the load or large
inrush current, the DVR will be isolated from the systems
by using the bypass switches (S2 and S3 will open) and
supplying another path for current (S1 will be closed) as
shown in fig.3.

S1
AN By Pass /
Switches sitiv
Source $2 itc S3 Sensitive
Load
LALLM A Booster
vy~ Transformer

Fig.3. Protection Mode (creating another path for current)
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ii) Standby Mode (VDVR= 0)

In the standby mode the booster transformer’s low
voltage winding is shorted through the converter. No
switching of semiconductors occurs in this mode of
operation and the full load current will pass through the
primary.

iii) Injection/Boost Mode (VDVR>0)

In the Injection/Boost mode the DVR is injecting a
compensating voltage through the booster transformer due
to the detection of a disturbance in the supply voltage.

iv) Buck Mode

In this mode DVR injecting a compensating voltage
phase opposite to the supply voltage, when the voltage
output exceeds the desired output

1V.VOLTAGE INJECTION METHODS OF DVR

Voltage injection or compensation methods by means of
a DVR depend upon the limiting factors such as; DVR
power ratings, various conditions of load, and different
types of voltage sags. Some loads are sensitive towards
phase angle jump and some are sensitive towards change
in magnitude and others are tolerant to these [12].

The DVR supplies the voltage that is the difference
between the pre-sag and sag voltage [5]. While in—phase
compensation, the injected DVR voltage is in phase with
sagged voltage Pre-sag voltage compensation and in-phase
compensation must inject active power to the load almost
at all times. The Phase shift compensation method is
proposed to reduce the energy storage size [7, 8]. In this
method, active power PDVR depends on the angle as the
power depends on values of resistive and reactive
components.

If Py, and Py, are the input power from the supply and
the load power, respectively, then

Pin:;V,jlj.COS(¢—a+5j)
J

10
P,= ZV” |,.cos(¢) =3V I, cosg 0
vj

Where J=a, b, ¢, and V; and V_are the fault supply
voltage vector and restored load voltage vector,
respectively. Assuming a balance load (I = I,) and a
balance output voltage (V= V.).

v v,

L e -Laili

Fig.4. Phase shift compensation

V. BAsic CONFIGURATION OF DVR

The general configuration of the DVR is shown in fig.5,
with three phase transmission system consists following
sub-parts:

i) An Injection/ Booster transformer
ii) A Harmonic filter

iii) Storage Devices

iv) A Voltage Source Converter (VSC)
v) DC charging circuit

vi) A Control and Protection system

The schematic diagram contains all the major parts of
the designed actual simulation model. Here PLL plays
important role in extraction of phase sequence of line
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Fig.5. Basic Configuration of DVR

i) Injection/ Booster transformer

The Injection/Booster transformer is a specially
designed transformer that attempts to limit the coupling of
noise and transient energy from the primary side to the
secondary side. These transformers indicated in fig. (5) as
Ty, T, and T; designed especially for high performance
system designing.
ii) Harmonic Filter

The main task of harmonic filter is to keep the harmonic
voltage content generated by the VSC to the permissible
level. These filters are designed with the help of passive
components [12]. The lower harmonic frequencies the
most of the waveforms have large percentage of harmonic
distortion as compared to the high harmonic frequencies.
For that reason single tuned filters are designed to
suppress these lower harmonic frequencies. For
suppressing the harmonics of six pulse ac to dc converter
four single tuned filters are used for the5th, 7th, 11th, and
13th harmonics and one second order highpass filter is
used for eliminating the high order frequencies [14].
iii) Voltage Source Converter

A VSC is a power electronic system consists of a
storage device and switching devices, which can generate
a sinusoidal voltage at any required frequency, magnitude,
and phase angle. In the DVR application, the VSC is used
to temporarily replace the supply voltage or to generate the
part of the supply voltage which is missing.
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iv) DC Charging Circuit

The dc charging circuit has two main tasks.

1) The first task is to charge the energy source after a sag
compensation event.

2) The second task is to maintain dc link voltage at the
nominal dc link voltage.

During the voltage swell and sag compensation
maintaining the line voltage of distribution system a
capacitor banks or battery sources are used.

v) Control and protection

The control mechanism of the general configuration
typically consists of hardware with programmable logic.
All protective functions of the DVR should be
implemented in the software. Therefore the control
strategies depend upon the type of load characteristics.
These strategies are Pre-sag compensation method, In-
phase compensation method and Phase shift compensation
method [7].The Pre-sag compensation method strategy is
recommended for the non-linear load in which both the
voltage magnitude and phase angle need to be
compensated. Differential current protection of the
transformer, or short circuit current on the customer load
side are only two examples of many protection functions
possibility [8].

V1. MODELLING & SIMULATION

The Simulink model consists of generating source of 13
kV, which is stepped up to 132 kV. This power has to
transmit over two 100 km transmission line again this
voltage is stepped down to 10 kV for distribution purpose.
Again the power has to be transmitted over two
distribution line length of 30 km and 20 km. the detail
parameter is given below in the form of table I.

Table 1: System Parameters

S.No. | Parameter Parameter
Value

1. Main supply Voltage 13 kv

2. Step-up  transformer  for | 13 kV/ 132kV
feeder

3. 3-phase transmission line | 100 k.m Line
phase -1

4, 3-phase transmission line | 100 k.m Line
phase -2

5. Step-down transformer for | 132 kV /10 kV
phase-1

6. Step down transformer for | 132 kV /11 kV
phase -2

7. Distribution line phase-1 30 k.m Line

8. Distribution line phase -2 20 k.m Line

9. Load on distribution line | 10 KVA, pf=
phase -1 .85 lag

10. Load on distribution line | 2 K.W Load,
phase -2 PF=.9 lag

11. Series Injection Transformer | 0.5kV /0.5 kV

12. DC Supply for Inverter 500v

13. Universal Bridge 3 arm, 6-pulse

IGBT

The MATLAB Simulation model is designed
inaccordance with the adopted method to get better results.
This technique is more efficient than the other adapted
methods to design DVR. Whenever the line voltage
disturbs in any phase of transmission line the DVR smartly
injects or draws approximate level of voltage in the
transmission line. During sag in line DVR injects voltage
into the line and when swell takes place DVR it store the
excess voltage in the storage device instantly.

Fig.6. Simulation model

VII. RESULTS AND DISCUSSION

The system parameters are listed in Table I. It is
assumed that the voltage magnitude of the load bus is
maintained at 1 pu during the voltage sags/swells
condition The load has been assumed linear with power
factor pf =0.85 lagging and its capacity of 10 KVA.

The first simulation result of single phase voltage sag
for fault resistance of .5 ohm isstarted with the supply
voltage with .02s. transient and about 10% sagging of
defined voltage in phase-1 represented by signal-1 in time
duration from .1s to .16s while about 6% swelling of
defined voltage is in phase-2 and phase-3 represented by
signal-2 and signal-3 respectively for the same time as
shown in Figure 8. Again transients start for about .02s
and after .32s phase-2 &3 goes under 8% sagging and
phase-1 goes 5% swelling of the defined voltage limit, so
the disturbances in distribution system takes place.
Theseare clearly shown in fig. 7.

1
1 210 Distorted Voltage
T

Y P O B 1. Y LY
Thiee-Phase | Measurament/signal1
Thiee-Phaze | Measurement/signal 2 |
Thige-Phase ¥-| i3

1 F —
I I I I |
0 006 o1 015 02 024 03 035

[Time offset. 0

Fig.7. Phase-a voltage sag & phase-b & phase-c voltage
swell
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Figure 8 shows that the DVR Injected appropriate
voltage level, which are being injected from 0.1s to 0.16s
and further from .25s to .32s to maintain the load voltage
constant. Also it injects the voltage at the starting to
reduce transients.

DVA_Injected Vakage
T T

I 1 I

Thiee-Fhase 4 Measurement3/signal:1
Three-Phase V-l Measurement3/signalk2
— Thiee-Phase W Meas

uemert3/signal-3

| i i
0 005 01 015 02 025 035

[Time offset. 0

Fig.8. DVR injected voltage

Figure 9 represents the load voltage, which has been
obtained after the injection of DVR voltage. Here we can
see that the load voltage is free of harmonics, transients
and become sinusoidal. The voltage sag effect has been
reduced by 45% and swelling by 35% here.The
simulations have been done to show that the proposed
voltage sag and swell supporter scheme regulates the
output voltage with quick reaction and high precision
during voltage sag and swell events with phase sequence
correction. After the injection of appropriate voltage level
which is necessary to load at that instant when the fault is
occurring, it is also important that the system must be
remains stable.
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0 005 01 015 02 0% 03 035

[Time offset: 0

Fig.9. Restoration voltage of DVR

Figure 10 shows the distorted voltage, DVR Injected
Voltage, and the Load voltage after restoration. Finally, it

can be concluded that the power quality is improved and
stabilised system as per the requirement.
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Fig.10 Combination of fig.8, 9, 10

The load voltage is managed with some distortions
available in it shown in the figure 11,but these are very

less extent.

4
#10 Load Voltage
1 T T T

Three-Phase Y- Measurement] fsignal 1
PR TR O O O Three-Phase V-l Measurement] /signal 2
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Fig.11. Improved Load Voltage

Mitigation of distortion like sag and swell are done by
DVR with advance control method and quality of power is
improved under acceptable limit.

Results for different values of fault resistance areshown
in table-1l given below. Sagging and swelling effects the
load voltage and compensated accordingly from 25s to
.30s.

Table-11
Load-1
S.No. 10 KW, 100 KVA pf=.85
Fault Swell Sag Voltage Compensation | Voltage Swing
Resistance
1. .5 0hm 4.5% in phase-1& Il | 85% in phase-I 99% sagging & 99.5% | 1% for sagging &
swelling .5% for swelling
2. .55 Ohm 5.2% in phase-1& Il | 86.3%in phase-I 98.54%  sagging & | 1.46% for sagging
99.21% swelling & 19% for
swelling
3. .60 Ohm 6% in phase-1& 1l 87%in phase-I 98.04% sagging & 99% | 1.96% for sagging
swelling &1% for swelling

In the above table the results are of proposed technique
sing PID with PWM control of VSI for amplitude as well
as phase of the load voltage. Another table is represented
below which shows results for PD with PWM control of

VSI for amplitude as well as phase of the load voltage and
with varying fault resistance and .95 power factor of load
shown in reference paper [6].
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Table-111
Load-1
S.No. 10 KW, 100 KVA pf=.95
Fault Swell Sag Voltage Voltage Swing
Resistance Compensation
1. .5 0hm 4% in phase-1& 11 80% in phase-I 98.2% sagging & 98.5 | 1.8% for sagging &
% swelling 1.5% for swelling
2. .55 Ohm 5% in phase-1& 1l 82% in phase-I 97% sagging & 98% | 3% for sagging &2%
swelling for swelling
3. .60 Ohm 6% in phase-1& Il 83% phase-I 96.25% sagging & | 3.75% for sagging &
97.22% swelling 2.78% for swelling

VIII. VALIDATION OF RESULTS AND
CONCLUSION

The purpose of this research is to develop voltage sag
and swell mitigation device which is more efficient. The
scheme consisting of a linear control scheme has been
proposed. This topology, a more cost-effective and reliable
sag and swell supporter has been achieved primarily by
reducing the number of switching components. It is also
shown that because of the voltage detection delay, there
exists an output voltage overshoot transient at the moment
of the voltage recovery. The efficiency and reliability of
system can be improved by adapting more powerful VSC
operating technique.

REFERENCES

[1] SmritiDey “Performance of DVR under various Fault conditions
in Electrical Distribution System” IOSR Journal of Electrical and
Electronics Engineering Volume 8, Issue 1 (Nov. - Dec. 2013)

[2] Anita Pakharia, Manoj Gupta “Dynamic Voltage Restorer for
Compensation of Voltage Sag and Swell: A Literature Review”
International Journal of Advances in Engineering & Technology,
July 2012. ISSN: 2231-1963

[3] Juan Dixon, Luis Moréan, José Rodriguez, Ricardo Domke
“Reactive Power Compensation Technologies, State of- the-Art
Review” International Power Electronics Conference, IPEC
2005, April 2005. Niigata, Japan, pp. 2286-2294.

[4] ArindamGhosh “Compensation of Distribution System Voltage
Using DVR” IEEE Transactions on Power Delivery, Vol. 17,
No. 4, October 2002

[5] Liangzong He, ShanxuDuan, and FangzhengPeng “Safe
Commutation Strategy for the Novel Family of Quasi-Z-Source
AC-AC Converter” IEEE Transactions on Industrial Informatics,
Vol. 9, No. 3, August 2013.

[6] Jinwei He, Student Member, IEEE, YunWei Li, Senior Member,
IEEE, and FredeBlaabjerg “Flexible Microgrid Power Quality
Enhancement Using Adaptive Hybrid Voltage and Current
Controller” IEEE Transactions on Industrial Electronics, Vol. 61,
No. 6, June 2014.

[7] Shazly A. Mohammed, Abdel-Moamen M. A.and B. Hasanin
“Analysis, Modeling and Simulation of Dynamic Voltage
Restorer (DVR) for Compensation of Voltage-Quality
Disturbances” International Journal of Control, Automation and
Systems Vol.1 No.2 April 2013.

[8] SwapnaliHazarika , 2, SwagataSingha Roy, 3,Rahul Baishya ,
4,Smriti Dey “Application of Dynamic Voltage Restorer in
Electrical Distribution System for Voltage Sag Compensation”
The International Journal Of Engineering And Science (lJES),
Volume 2, Issue 7, Pages 30-38, 2013

[9] Anita Pakharia, Manoj Gupta “DVR Based Compensation of
Voltage Sag due to Variations of Load: A Study on Analysis of
Active Power” IOSR Journal of Electrical and Electronics

Engineering (IOSRJEEE) ISSN: 2278-1676 Volume 1, Issue 1
(May-June 2012)

[10] ParagKanjiya, Bhim Singh, Ambrish Chandra, and Kamal Al-
Haddad “SRF Theory Revisited to Control Self-Supported
Dynamic Voltage Restorer (DVR) for Unbalanced and Nonlinear
Loads “IEEE Transactions on Industry Applications, Vol. 49,
No. 5, September/October 2013.

[11]  ArindamGhosh& Gerard Ledwich, “Structures and control of a
dynamic Voltage regulator (DVR)”,IEEETrans.Power Delivery,
pp.1027-1032, 2002.

[12] Su Chen &Gezajoos, “Series and shunt active power
conditioners for compensating distribution system faults”, IEEE
Trans. Power Delivery, pp.1182-1186, 2002.

[13]  KrischonmeBhumkittipich and Nadarajah  Mithulananthan,
“Performance Enhancement of DVR for Mitigating voltage sag
& swell using vector control strategy”, ELSIVIER, Energy
Procedia 9 (2011 ) 366 — 379, 2011.

[14]  Jamali, S., Masoum, M.A.S., and Mousavi, S.A., "Influence of
Controller High Pass Filter on the Performance of Shunt Hybrid
Power Filter", Australasian Universities Power Engineering
Conference, pp. 1 6, 2008.

AUTHOR’S PROFILE

Avinash Mishra

obtained his B.E. (Electrical Engineering) in year 2009 from shri Ram
Institute of Technology, Jabalpur and pursuing ME in Power Electronics
(batch 2009) from Lakshmi Narain College of Technology, Bhopal,
India.

Email: avi.mishral8@gmail.com

Dr. Yogesh Pahariya

Presently working as professor & Head in Lakshmi Narain College of
Technology, Bhopal, India since September 2013. He is completed his
B.E. in Electrical Engineering from SGITS, Indore in 1991, M.Tech in
Energy Management from School of Energy and Environment Studies,
DAVYV, Indore in 1994 and Ph.D. from SGITS, Indore under RGPV,
Bhopal in 2011.

Email: ypahariya@yahoo.com

Copyright © 2014 IJEIR, All right reserved
566



