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ABSTRACT

This Paper focuses on the major power quality issues and its mitigation using
suitable custom power devices. Power quality has become serious issue as the
development of sophisticated electrical and electronic equipment which are very
sensitive to disturbances. Design of Dynamic voltage restorer is demonstrated using
matlab simulink platform for the traditional secondary distribution system.
Performance Evaluation of Dynamic Voltage Restorer (DVR ) along with status of

uncompensated Distribution system are highlighted.

Energy Storage Device in DVR was integrated with a PV system to charge the
Batteries. The Integrated PV system was designed as per the DVR requirements and
its performance characteristic was analyzed appropriately with respect to charging
the batteries of DVR.

Key Words-- FACTS, DVR, Voltage Sag / Swell, Transients, PV system, battery Charge
control, Distribution Network (DN).
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L. INTRODUCTION period, this Dynamic Voltage Restorer integrated
The factors that contribute to the with Solar power system was chosen. The primary
occurrence of power quality problems in developing motivation is to create a new innovative
countries are listed as follows. methodology to utilize the available renewable
A) When the Power Demand exceeds that of energy as power source and meanwhile counter the
Generation. power quality problems using DVR as a solution. Like
B) Due to Power theft. this technology shall be considered as equal with the
Q) When Natural causes like Lightning, Solar Calculator, Solar Mobile charging Points, Solar
disasters, etc occurs. utilized buildings,etc...
D) Poor Maintenance of Grid / Distribution 1. Power quality Problems
Network.. The occurrence of Voltage sag, Under
E) Poor Workmanship. voltage, Interruption, Voltage Swell, Transient,
In order to mitigate this power quality problem and Harmonics & Inter-harmonics, Voltage Flicker,
to safeguard the sensitive electronic Equipment Notching, Noises, Dc Offset, any distortion in
which prone to early failure of its guaranteed Life Sinusoidal Waveform will contribute to power

quality issues.
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Fig.1.Power quality problems
Voltage sag: Voltage sags can be defined as the
occurrence of change in the amplitude of voltage at
any instant of time, ranging from 10 — 90% and its
duration would be around 1/2 cycle to 1 minute.
Voltage swell: Voltage swell can defined as the rise
in root mean square value of voltage / current at
the nominal power frequency. It also has duration
between 0.5 to 1 minute.
Voltage transients: It can be defined as the short
time undesirable voltage fluctuation that occurs in
the power system. Transients are high over-voltage
disturbances.
Causes: The causes were due to faults that occur in
the power system, starting of electric motors,
consumer load exceeding than scheduled loads.

Other than this, there may be some vast load

fluctuations ( Increase / Decrease ) and switching
surges in the power system.
Standards for Power Quality:

I IEEE(Institute of Electrical & Electronics
Engineers): 446-1995,493-1990,1100-1999,
1250-1995.

1. SEMI  (Semiconductor Equipment and
Materials International ): F47-0200

. CBEMA ( Computer & Business Equipment
manufacturer's Association)

V. IEC
Commission).

(International Electrotechnical
1. Dynamic Voltage Restorer (DVR):

It is a custom power device which is
connected in series with the line through an
injecting transformer. The general configuration of
the DVR is portrayed in Fig.2.
1. Injection/ Booster transformer: This
Injection transformer connects the Dynamic Voltage
restorer through its HV side by which it transforms
and couples in series for compensating voltage from

the voltage source inverter to supply side .

Additionally, it acts as an isolating medium of the
load from the maim supply side system.

Lo o
v, . I"Ill.
Power Supply YY)
. Filter
Control Energy
S Vs Storage
System

Fig.2.DVR Configuration

2.Passive filters: The nonlinear characteristics of
semiconductor devices cause distorted waveforms
associated with high frequency harmonics at the
inverter output. To overcome this problems and to
provide high quality energy supply, a harmonic
filtering unit is used. This can cause voltage drop and
phase shift in the fundamental component of the
inverter output and has to be accounted for, in the
compensation voltage.

3.Voltage Source Converter (VSC): A VSC is a power
electronic system that consists of a switching
converter arrangements, capable of producing
sinusoidal voltage of required frequency, magnitude
& phase angle. In this system, the Voltage source
converter supports for dynamic injection of voltage
from the energy storage device to the main system
for its missing constant voltage envelope.

In DVR, Voltage source Inverter operation is
based on sinusoidal pulse width modulation
(SPWM). Sinusoidal pulse width modulation involves
the comparison of a reference waveform
(modulating signal) to a triangular wave of a much
higher frequency (carrier wave) in order to produce
a desired output voltage, so as to obtain required
modulation index given by the expression.

Am _ A.\;in

my = — = —
Ac Apri

(1)
4.Storage Devices: Batteries, flywheels or SMES can
be used to provide real power during compensation.
Compensation using real power is essential when
large voltage sag occurs.
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5.Control System of DVR: It consists of the Control
algorithm of Power quality Issue detection and
Mitigation in the subsystem.
Methodologies :
A) abc to dqo
Transformation.

Algorithm using Parks
B) PWM Scheme for Voltage Source Inverter
using PI controller.

The modulating angle 6 or delta is applied
to the PWM generators in phase A, whereas the
angles for phase B and C are shifted by 240° or -120°
and 120° respectively to generate firing sequence
for inverter.

V, = sin (wt+ ) (2)
V,=sin (wt+ &6 — 21 /3) 3)
Vc=sin (wt+ 6 + 2w /3) (4)

Supply Side Load Side
Va, Vb, Ve Va, Vb, V¢
L) L

Y abc abc

dqo dgo
N

o

dqo

abc

Generate signal
for
PWM

Fig.3.abc to dqo Algorithm Flowchart
Equation related to DVR: The mathematical
expression governing the injected voltage, power
injection, etc can be obtained from the equivalent
circuit of DVR as portrayed in fig.4.

Zline LDV VT
Doad

———ce
-

Vs Viosd load
L’:-\_,:) Viascurcs

Fig.4.Equivalent circuit diagram of DVR
The system impedance (Z, depends upon
the magnitude of fault occurrence at load side. If the
Voltage of the system (V) drops, then Dynamic
voltage restorer injects a series voltage (Vpw) in
order to restore the system voltage to nominal value

through the coupled transformer. The equation
governing the series voltage injection can be as
follows
Vovr=Vi+Zipl -V, (4)

V.: Voltage magnitude of Load

Z4: Load impedance

I.: Load Current

Vi Voltage of system during fault occurrence.
The equation for load current |, can be written as

IL=(PHQ) / VL (5)
Where V, is reference taken for consideration.
f=tan"(e,/P,) (6)

The complex power injection of the DVR can be
written as,
Savr= Vaur IL ) (7)
The phase injected voltage by DVR with
reference to system voltage during sag & swell
conditions are represented in fig.5.

AIm S AIm ~
~
.
"rI'J\'Il
. \
Vi Vo \
-\
Vs
i
, Re
Ii.f.u\.'.\ I:JDAITI
(a) Compensation for sag. {b) Compensation for swell.

Fig.5.Phasor Diagram for DVR Compensation
IV.PV System: The PV system has many components
such as solar panels which converts the sun light
energy into electrical energy by the process called
photoelectric effect. It has solar charge controller
which takes care of charging mechanism with
respect to maximum power drawn from PV system.
DC to AC power.
Other than this DC cables, accessories,etc forms the

Then Inverter which converts

whole PV system. It may also use a solar tracking
system to improve the system's overall performance
and include anintegrated battery solution.The
circuit schematic regarding the working of PV cell,its
equivalent circuit along with its characteristics are
shown in fig.6,fig.7 & fig.8. respectively.
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Fig.6. Simple PV Cell working
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I9( Pﬂ\&
| 200 4
‘g 150
E 100 Maximum Power Area
3 P o=V
§ 50 -
0 T T L *
0.0 02 0.4 06 \ 08
Cell Voltage (V) v ‘V

Fig.8. PV cell Characteristics
Solar Charge Controller : The function of a charge
controller is to limit the rate at which a charge is
added or current is drawn from batteries. It also
prevents batteries from overcharging and over
voltage, which can reduce battery performance and
lifespan.
The Algorithm for MPPT controller used
was “ PERTURB & OBSERVE” Technique. P & O
Algorithm is very simple and it works as the principle
of hill climbing in which it tracks for Maximum
power output for the maximum voltage.

=l -

( Increase Decrease
— Operating Operating
Voltage 3 Voltage
Yes
Yes

N T R

2 - N
> . No _— P |
< Is Pu< Pra ? > No —\\IS Pi> Pei? >—H

e

- /,//"‘ \"’\V//‘
Px - current Power Value
Px-1 - Previously acquired Power Value

Fig.9.P & O Algorithm flowchart
DVR Integrated Solar System Design:
Step:1- Calculation of DVR Voltage compensation
required
Voltage Level for Compensation :
Required Voltage =300 Volt approx.
Step:2 - Sizing of the PV Module
As the Battery Storage of DVR is about 2KW based
on the battery voltage and current rating.
Energy Required from PV = Total Energy required
perday/ 7RI 7P

Where,
ns- Battery Efficiency ( Assume 85%)
1 - Inverter Efficiency ( Assume 93%)
1, - Other BOS System Efficiency( Assume 90%).
Step3: Solar Charge Controller Sizing

Voc and Isc of the PV module are obtained from
the manufactured data sheet.
For Parallel Charge Controller = (No. of Modules

Xl )x 1.3

Where,

Vo - Open circuit voltage of PV module.

I - Short circuit current of PV module.
Step:6 - Inverter Sizing:
Using total Power Required / day with Inverter
efficiency and assuming a overload factor capacity of
Inverter can be obtained.
Inverter Power = Total Power required /day x
Inverter Efficiency x 1.25
After the practical consideration of PV system
Design, Concentration is mainly on the DVR Energy
Storage system . So the Power rating is not given
significance in  this design

much system
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configuration. Other than the above mentioned A) DVR:

parts, the suitable DC Cables are used to connect Sno System quantities Standards
the whole system. 1. Three phase source 11Kv, 50Hz.
V. Overall Single Line Diagram: 2. Step-down transformer ( | A-Y, 11Kv /
/{* ﬁ\“ » “i;l Street Level) 415v
v ¥ @ I 3. Load ( 8 Houses ) 40Kw & 10
T 1 Kvar
4 ﬁ _— E%Z\ » L 4. Series Injection 1:2 Turns
y—j m':‘:r 12 ﬁ Transformer Ratio
N Filter Inductance 20mH
CoNTROL|  |VoLTAGE e e PR VT NEAPIR A e 6. Filter Capacitance 1500ﬂ|:
SYSTEM | SOURCE
OFDVR | | ConveRTER 5 E 7. Inverter IGBT based,3
| BATTERY
— ‘ ~ Contmot bt arms,
‘ s SYSTEM Dope Boost 6 Pulse,
FE{;‘ [ gy | [Vourace Carrier
" | Csome | Frequenc
| ‘ | CONVERTER| q Yy
w7 i evaromn =1080 Hz,
Fig.10.DVR with PV Integrated system Sample Time=
Simulation Method: Integrated PV system will be ous
charging the Battery of DVR when its State of Charge 8. DC battery 300V, Li-lon
(SOC) falls below 40%. ,6.5Ah rating
Remaining Time or when battery of DVR B) PV System:
reaches 99% & above of its SOC, the power from PV Table.1. System parameters for simulation
system will be pumped into the grid. Suitable
battery charge control system logic is used in the Sno System Standards
simulation. quantities
This DVR integrated with PV system shall be 1 PV Module Sun power SPR
considered as hybrid version of DVR for taking care 305 EWHTD
of both power quality and satisfying the demand to
L 2 Connected Grid 11 Kv /110 Kv
some extent which is purely clean and green energy.
VI. Simulation & Results: Simulations were carried
. o . 3 PV power output Upto 2 Kw
out in the Matlab simulink platform. Since DVR , PV
System & Charge control of Batteries are done in a Solar Charge MPPT Controller
different time we consider 3 cases for simulation in Controller
which the battery utilized for DVR, PV system &
charge control are one and the same rating 5 Inverter 2.5 Kva rating
&configuration.
Technical System parameters of each system 8 DC battery 300V, Li-lon
considered for simulation is listed in table 1. ,6.5Ah rating
System Parameters :

261 BALAIJI.P, Dr. B.BASKARAN, Dr.GHADIR RADMAN



International Journal of Engineering Regearch-Online
A Peer Reviewed International Journal
Email:editorijoer@gmail.com http://www.ijoer.in

Vol.4., Issue.3., 2016

(May-June)

Fig.13.Simulated SOC Characteristics of battery
. during voltage sag at t= 0.2 to 0.4 secs and t=0.6 to

Fig.12.Simulated response of reference voltage, Fig.14..Simulated response of reference
source voltage, DVR injected voltage & Load voltage,source voltage, DVR injected voltage &
voltage during the occurrence of Sag at t=0.2 to Load voltage during the occurrence of sag at one
0.4 and t=0.6to 0.7 secs phase of 3 phase system at t= 0.2 to 0.4 sec
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Case-2:PV System:

PVSYSTEM: INTEGRATED WITH DVR : ( POWER SOURCE + POWER CONDITIONER )

Votage Source Conveee
conkol

Ve gen!

ot e

(1

Vi oot

fey g it Cnrwgng s

108D VOLTAGE

Fig.17.PV system Matlab Model
Fig.15.Simulated response of reference

100 : LD
voltage,source voltage, DVR injected voltage & =l
Load voltage during the occurrence of Swell at wk
t=0.2 to 0.4 sec. w
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h I
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s N
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Fig.16.Simulated response of reference Fig.18.PV System - On grid Simulation
voltage,source voltage, DVR injected voltage & X- axis: Irradiance, Temperature, Power output,
Load voltage during the occurrence of Transients:L- Voltage & Duty cycle of PVsystem Y- axis : Time

L fault at t=0.2 to 0.25 secs.
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Fig.19. PV System : Battery Charging Characteristics
X-axis: SOC %, Voltage & Current of Battery Il
Y-Axis : Time w00

Case-3:Battery Charge control System:

DVR Battery Charge Control System

Fig.21.Battery Charge Control When SOC =99% &
Grid Power Flow is 1.6 KW

<SOC (%)>
T

4% T T T T

a5 -

“ur- =

Fig.20.Battery Charge Control System Matlab Y il

ol o
Model = o
Battery Charge control Algorithm: ol o

function [ Gridon, Chargingon ]= fcn(SOC) _#
%%codegen af =2
Gridon =0; Fd

Chargingon =1;
if (SOC >=99) Grid Power Flow
Gridon =1;
Chargingon =0;
end
if (SOC <= 40)
Gridon =0;
Chargingon =1;
End
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Fig.22..Battery Charge Control When SOC >99% &

Grid Power Flow is 0.

VII. Performance Of DVR:

Syst Syste DVR DVR System
Event em m compe | Compen | voltage
Volt | Voltag | nsated | sation % after
age e Voltag compen
% e sation
Sag 249 60% 166 40% 415
Norma | 415 100% 0 0% 415
|
Swell 581 140% -166 40% 415
(out of
phase )
Transi | 124. 30% 290.5 70% 415
ent 5

IX. Future Scopes:

The DVR Inverter and PV system Inverter
shall be integrated into single system for
future research.

Also Power quality issue needs to be
analyzed in the existing Traditional Grid.
Due to growing Power Demand, Renewable
energy like Wind , Fuel cells,etc can be
integrated along with this Power Quality
Controllers in future to open a new
innovative approach of handling the Power

System problems.

X. Conclusion:

265

Using the proposed Simulation of DVR,
both balanced and unbalanced situations
can be handled without any difficulties and
appropriate  voltage

component gets

injected to maintain the nominal value of

Voltage at the load side by rapidly
compensating for the Voltage sag/swells
occurring at supply side.

The main advantages of the proposed DVR
are simple control, fast response and low
cost.

Integrating the solar Power with the DVR
satisfies both the Power quality mitigation
and meeting out Power demand in the
existing Grid.

Also the Power produced is clean and green
by Solar system.

DVR can also be used to enhance the
resiliency of the Power System

Also It adds smartness to the existing

traditional grid.
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