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Abstract

In this paper “Mitigate voltage sag/swell condition and power quality improvement in distribution line using D-
STATCOM”. In power quality problems accurse many types of disturbance in voltage, current or frequency
failure in distribution networks, sensitive industrial loads. This paper shows the techniques of correcting the
supply voltage sag, swell and interruption in a distributed system power electronics, based equipment called
Distribution Static Compensator (D-STATCOM).A D-STATCOM injects a current into the system to correct the
voltage sag, swell and interruption. Distribution STATCOM (D-STATCOM) exhibits high speed control of
reactive power to provide voltage stabilization, protects distribution system from voltage sag and /or flicker
caused by rapidly varying reactive current demand. During the transient conditions the D-STATCOM provides
leading or lagging reactive power to active system stability, power factor correction and load balancing.
Keywords: Powerquality, D-STATCOM, \oltage Sag, Voltage Source Converter (VSC), Energy storage

system.

l. INTRODUCTION

In recent years, there has been an increased
emphasis and concern for the quality of power
delivered to factories, commercial establishments
and residences [1]. The most common problem in
power quality today is voltage sag. Power engineers
are increasingly concerned over the electrical power
quality. Electrical power is perhaps the most
essential raw material used by commerce and
industry today. In a three phase system voltage sag
by nature is three phase phenomena, which effect
phase -to -phase voltages and phase-to-ground
voltages both. Power-quality happens during fault
condition, lightning strikes and other occurrences
that adversely affect the line-voltage and/or current
waveforms. The FACTS devices are introduced to
electrical system to improve the power quality of the
electrical power. Use of these FACTS controllers to
enable corresponding power to flow through such
line under normal and contingency conditions there
are different type of FACTS device DVR,
STATCOM, DSTATCOM, UPQC, UPFC, SVC,
SSG, TCR, TSC, TSR, SSSC and etc. The reactive
power at the terminals of the STATCOM depends on
the amplitude of the voltage source. And these
STATCOM in (distribution system is called
DSTACOM (Distribution-STACOM). Distribution-
STATCOM (D-STATCOM) exhibits high speed and
control reactive power, to give voltage stabilization
flicker suppression [2].A DSTATCOM is a
controlled reactive source which includes a Voltage
Source converter (VSC) and a DC link capacitor
connected in shunt, capable of generating and /or
absorbing reactive power [3].FACTS applications
represent a three-phase power rating from tens to
hundreds of megawatts. Basically, FACTS

Controllers are based on an assembly of ac/dc
and/or dc/ac converters and/or high power ac
switches. D-STATCOM has been wused to
compensate reactive power and to prevent the
voltage ‘flickers’” and improve power quality
problem with the help of MATLAB SIMULINK
software and used MATLAB version R 2010 A 7.10
/R 2010 B 7.11/ SIMULINK VERSION: 7.5.

1. POWER QUALITY
2.1 Overview:

Electric Power quality is a term which has
captured increasing attention in power engineering
in the recent years. The term power quality refers to
maintaining a sinusoidal waveform of bus voltages
at rated voltage and frequency. Power quality areas
may be made according to the source of the problem
such as converters, magnetic circuit non linearity by
the wave shape of the signal such as harmonics,
flicker or by the frequency spectrum (radio
frequency interference). Power quality is simply the
interaction of electrical power with electrical
equipment. Power quality is the cause, and the
ability of the electrical equipment to function in the
power quality environment is the effect. Various
sources use the term “power quality” with different
meaning. It is used synonymously with “supply
reliability,” “service quality,” “voltage quality,”
“current quality,” “quality of supply” and “quality
of consumption [13].

1. Low power quality problems Service entrance
switchboard, lighting power distribution panel.

2. Moderate power quality problems HVAC power
panels.

"
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3. High power quality problems Panels supplying
adjustable speed drives.

2.2 Power Quality Issues
Power quality problems have many names

and descriptions.  Surges, spikes, transients,
blackouts, noise, voltage sag, voltage swell,
interruption, dc offset are some common

descriptions .In order to increase the reliability of a
power distribution system, many methods of power
quality problems have been following:
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Figure 2.1 Power quality issues

2.2.1 Power Quality events

1. Transients: Transients, commonly called
“surges” are sub-cycle disturbances of very short
duration that vary greatly in magnitude.
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Figure 2.2 Transient event

2. Voltage sag: Sag is a reduction of AC voltage at
a given frequency for the duration of 0.5cycles to 1

\//\\/ v, \/A\/ﬂ\/ﬂ\ /\\f

Figure 2.3 Voltage sag

3. Voltage swells: A voltage swell is an increase in
the RMS voltage above the nominal voltage or a

sliding reference voltage.
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Figure 2.4 Voltage swell

4. Interruptions: An interruption is defined as a
reduction in the supply voltages or load current to a
level less than 0.1 p.u. for a time not more than 1

mi/n\ute./\ n /\
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Figure 2.5 Interruption
5. DC Offset: Direct current (DC) can be induced
into an AC distribution system, often due to failure

of rectifiers within the many AC to DC conversion
technologies.
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Figure 2.6 DC offset

2.2.2 Power quality steady stat deviations

1. Voltage fluctuation: A voltage fluctuation is a
systematic variation of the voltage waveform or a
series of random voltage changes.

Figure 2.7 Voltage fluctuation

2. Harmonic: Harmonic distortion is the corruption
of the fundamental sine wave at frequencies that are
multiples of the fundamental voltage varies sinusoid
ally at a specific frequency, usually 50 or 60 hertz.

e
N

Figure 2.8 Harmonic distortion

Odd and even order harmonics: odd harmonics have
odd numbers (e.g., 3, 5, 7, 9, 11), and even
harmonics have even numbers (eg 2,4,6,8,10)

.

-

Figure 2.9 Odd & Even Harmonlc

3. Inter harmonic: Inter harmonics are a type of
waveform distortion that is usually the result of a
signal imposed on the supply voltage by electrical

equipment such as static frequency converters etc.

Figure 2.10 Inter Harmonic

4. Notching: Notching is a periodic voltage
disturbance caused by electronic devices, such as
variable speed drives and arc welders under normal
operation.

Figure 2.11 Notching

5. Electrical noise: Noise is unwanted on the power
system voltage or current waveform. It is high
frequency interference caused by a number of
factors, including arc welding or the operation of
some electrical motors.
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Figure 2.12 Electrical noise

2.3 Solution of Power Quality Problem

A power quality issue, especially, voltage
problem is the vital concern in most distribution
system today. The voltage problem is mainly from
under-voltage (voltage sag) condition due to a short
circuit or fault. Solving power quality problems
depends on acquiring meaningful data at the
optimum locations and within an expedient time
frame.
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Figure: 2.13 Steps for power quality solutions

1. Grounding & bonding integrity: Grounding is a
conducting connection by which an electrical circuit
or equipment is connected to earth. Bonding is
intentional electrical interconnecting of conductive
paths in order to ensure common electrical potential
between the bonded parts.

2. Proper wiring: An overall equipment inspection
to ensure proper wiring within a facility. The entire
electrical system should be checked for loose,
missing or improper connections at panels,
receptacles and equipment.

3. Restoring technologies: These restoring
technologies are used to electrical loads to improve
the power quality problem.

For example: Voltage sag, Transients, Frequency
variation, Spikes, Interruption.
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Figure: 2.14 Restoring technologies

4. Distributed generation: Distributed Generation
units can be used to provide clean power to critical
loads, isolating them from disturbances with origin
in the grid.

5. Harmonic filters: Nonlinear loads produce
harmonic currents that can ensure that harmonic
currents produced by a nonlinear current source will
not unduly interfere with the rest of the power [4].

2.3.1 Role of facts device

A flexible alternating current transmission
system (FACTS) is a system composed of static
equipment used for the AC transmission of electrical
energy. It is generally a power electronics-based
system [5].These devices are capable of mitigating
multiple PQ problems which is applicable to
distribution systems to provide power quality
solutions.

1. Static synchronous compensator (STATCOM):
A “Static synchronous compensator (STATCOM) is
a regulating device used on alternating current
electricity transmission networks. STATCOM based
on a voltage-sourced converter and a current-
sourced converter.

Q Q.
(a) (b)
Figure: 2.15 (a) STATCOM based on a Voltage
source Converters. (b) STATCOM based on a
Current source Converters.

2. Static var compensator (SVC): The SVC is an
impedance matching device, designed to bring the
system closer to unity power factor. A combination
of different static and mechanically-switched var
compensators whose outputs are coordinated.

(@) (b)
Figure: 2.16 (a) Static Var Compensator with
capacitor. (b) Static Var Compensator with inductor.

3. Dynamic voltage restorer (DVR): Dynamic
voltage restorer (DVR) can provide the variety of
transmission and distribution systems solution to
mitigate voltage sag it is recently being used as the
active solution for voltage sag mitigation by and
establishing the voltage quality. It’s a series
compensation device, which protects sensitive
electric load from power quality problems such as
voltage sags, voltage swells, interruption and use
voltage source converters (VSC).
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Figure: 2.17 Dynamlc voltage restorer
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4, Static synchronous series compensator (SSSC):
SSSC is a solid-state voltage source inverter, injects
an almost sinusoidal voltage, of variable magnitude
in series with the transmission line. The injected
voltage is almost in quadrature with the line current.
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Figure: 2.18 Static synchronous series compensator

5. Unified power flow controller (UPFC): It is the
only device with series and parallel compensation
operated by a common link of direct current. The
series compensator has a three-phase inverter and
voltage source (series converter).A UPFC system
can regulate the active and reactive power at the
same time.
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Figure: 2.19 Unified power flow controller

1. METHODOLOGY
3.1 Distribution Static Compensator (D-
STATCOM)

D-STATCOM is the most important
controller for distribution networks. It has widely
used to regulate system voltage, improve voltage
profile, reduce voltage harmonics, reduce transient
voltage disturbances and load compensation. The D-
STATCOM uses a power—electronics converter is
controlled using pulse width modulation (PWM).
The designed D-STATCOM is connected in shunt to
the 11 kV test distribution system [6]. It can
exchange both active and reactive power with the
distribution system.

3.2 Basic Principal and Connection of D-
STATCOM

A single line diagram has shown in (figure
3.1) (D-STATCOM) static compensator. In this
single line diagram are connected in a step-up
transformer, and a controller this D-STATCOM
consists of self-commutated converters using Gate
Turn off (GTO) Thyristors, a dc voltage source.

,
s )
i
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- &
Figure: 3.1 Single Line diagram of D-STATCOM.

The Distribution Static Compensator (D-
STATCOM) is a voltage source inverter based static

compensator that is used for the correction of bus
voltage sags.
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Figure: 3.2 Basic structure of D-STATCOM

The major components of a D-STATCOM
are shown in Fig.3.2. It consists of a source, DC link
capacitor, one or more inverter modules, an ac filter,
a transformer to match the inverter output to the line
voltage, and a PWM control strategy [7].

Equation Related D-STATCOM:

The shunt injected current Ish corrects the
voltage sag by adjusting the voltage drop across the
system impedance Zth. The value of Ish can be
controlled by adjusting the output voltage of the
converter. The shunt injected current Ish can be
written as,

lsh=1_—1Is

(3.1)
I -ls= 1 - (2
(3.2)

o Zun =\ Ly—0 -2 Li(6—p)
+ = 4P

Zth
(3.3)
The complex power injection of the D-STATCOM
can be expressed as,
Ssh = VL Ish*
(3.4)
Where,
I it =Output current, I . = Load current, | g =
Source current, V 1, = Thevenin voltage, V,
=Load voltage, Z 1, Impedance (Zty =R+jX)
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Figure: 3.3 Basic circuit diagram of DSTATCOM.

It may be mentioned (Figure 3.3) that the
effectiveness of the D-STATCOM in correcting
voltage sag depends on the value of Zy, or fault level
of the load bus. When the shunt injected current I,
is kept in quadrature with V|, the desired voltage
correction can be achieved without injecting any
active power into the system when the value of Iy, is
minimized.

A (Figure 3.4) shows D-STATCOM
connection is based on an input current I is equal to
the sum of Ic and I, and a simple two-level VSC
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which is controlled using conventional sinusoidal
pulse width modulation (PWM) [8].
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Figure: 3.4 System connection of DSTATCOM.

3.3. Basic Configuration and Operating of D-
STATCOM

The D-STATCOM employs an inverter to
convert the DC link voltages V¢ on the capacitor to
a voltages source of adjustable magnitude and
phase. In (Figure 3.5) the D-STATCOM is shows
that the construction controller of the D-STATCOM
is used to operate the inverter in such a way that the
phase angle between the line voltage and the
inverter voltage is accurately adjusted so that the D-
STATCOM generates or absorbs the desired VAR at
the point of connection [14].
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Figure: 3.5 Basic building blocks of the D-
STATCOM

The phase of the thyristor-based inverter,
V; is controlled in the same way as the distribution
system voltage ,V; (Figure 3.6) shows the three
basic operation modes of the D-STATCOM output
current, | ,which varies depending upon V..[Fig. (a)]
shows, If V; is equal to V;, the reactive power is
zero and the D-STATCOM does not generate and
absorb reactive power. [Fig. (b)] shows, When V; is
greater than V, the D-STATCOM shows an
inductive reactance connected at its terminal. The
current | flows through the transformer reactance
from the D-STATCOM to the ac system, and the
device generates capacitive reactive power. [Fig.
(c)] shows, If Vg is greater than V; the D-
STATCOM shows the system as a capacitive
reactance. Then the current flows from the ac
system to the D-STATCOM resulting in the device

absorbing inductive reactive power
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Figure: 3.6 Operation modes of D-STATCOM

3.4. Voltages Source Converter

Three phases Voltage Source Converter
(VSC) is heart of most new FACTS power
equipments. Voltage source converters (VSC) are
commonly used to transfer power between a dc
system and an ac system or back to back connection
for ac systems with different frequencies. A basic
VSC structure is shown in (Figure.3.7) where Rs
and Ls represent the resistance and inductance
between the converter ac voltages V¢ and the ac
system voltage Vs and Is the current injected into
the grid. A dc capacitor is connected on the dc side
to produce a smooth dc voltage. The IGBTs are
connected anti parallel with diodes for commutation
purposes and charging of the DC capacitor [10]
[12].

~ r—

7%— in}:; ~¥K{%.

POWER
| SOURCE
1! U

-~

S

—— AN

! L Ry
T,

1s Vg

i R e e i 4
‘(IT*' Ca ‘ I = i N -

%

Figure: 3.7 Voltages source converter (VSC)

3.5. D-STATCOM Controllers

1. Proportional integral (pi) controller: The
proportional and Integral (PI) controllers were
developed because of the desirable property that
systems with open loop transfer functions of type 1
or above have zero steady state error with respect to
a step input it terms is important to increase the
speed of the response and also to eliminate the
steady state error adjusting the process control
inputs.

Proportional Action: Responds quickly to changes
in error deviation.

Integral Action: Is slower but removes offsets
between the plants output and the reference.

The PI regulator is:

U(s)
E()—K p+K1/s
(3.5)

U(s) _ _$+R2

E(s) R1

U(s)___ 1

(3.6) E(s) {RZ 5C1R1}

3.7)

=

_ [[ \J “ealp |
L o S T

Figure: 3.8 Proportional Integral (PI) Controller
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V. D-STATCOM MODELING USING

THE SIMULINK POWER SYSTEM
BLOCK

The control system only measures the rms

voltage at the load point i.e., no reactive power

measurements are required. The VSC switching

strategy is based on sinusoidal PWM technique

amplitude modulation index Ma of signal control
and the frequency modulation index Mf of the
triangular signal [9].

The amplitude index Ma is kept fixed at 1 pu.

Ma = Vcontrol / V.

The frequency of modulation index is given by,

Mf =Fs/Ff

which offers simplicity and good response shown Where, _ _
(figure 4.1).The PI controller process identifies the Veantrol = Peak amplitude of the signal. _
error signal and generates the required angle & to Vui = Peak amplitude of the T”?ngUlar signal.
drive the error to zero, i.e. the load rms voltage is Mg = Frequency of modulation index.
brought back to the reference voltage. The main Fs = Switching frequency.
parameters of the sinusoidal PWM scheme are the Fe = Fundamental frequency
e
Fenw——] | B E—

Three P hazk

Figure: 4.1 D-STATCOM connect in distribution line reduced three phase fault implemented with
MATLAB/SIMULINK.

4.1. D-STATCOM Simulations and Results for
Voltage Sag
4.1.1 Performanance of voltage v, at load point,
with three-phase-to-ground fault:
(A) CASE1. Three phase- to-ground fault without
D-STATCOM

In the first case simulation contains no D-
STATCOM and a three phase-to-ground fault is
applied at point A, via a fault resistance 0.20 Q,
Ground Resistance 0.001. The fault is created for
the duration of 0.3seconds to 0.5seconds.The output
wave for the load without D-STATCOM shown in
figure 4.2.

Wrms (pu)

Tirae (sec)

Figure: 4.2 Output Response of the distribution line
without D-STATCOM

(B) CASE2. Three phase-to- ground fault with D-
STATCOM

The second simulation is carried out using the same
scenario DSTATCOM is connected to the system,
then the voltage sag is mitigated almost completely
.The output wave for the load with D-STATCOM
shown in figure4.3

Vs (pu)

Time (ser’

Figure: 4.3. Output Respon's'e of the Distribution line
with D-STATCOM

4.1.2 Performanance of voltage v, at load point,
with three phase-to-ground fault:
(A) CASE1. Three phase ground fault without D-
STATCOM

In the first case simulation contains no D-
STATCOM and a three phase-to-ground fault is
applied at point A, via a fault resistance 0.40 €,
Ground Resistance 0.001. The fault is created for
the duration of 0.3seconds to 0.5seconds. The output
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wave for the load without D-STATCOM shown in
figure 4.4.

Vrms (pu)

Time (sec)
Figure: 4.4. Output Response of the Distribution line
without D-STATCOM

(B) CASE2. Three phase-to- ground fault with D-
STATCOM

The second simulation is carried out using the same
scenario DSTATCOM is connected to the system,
then the voltage sag is mitigated almost completely.
The output wave for the load with D-STATCOM
shown in figure 4.5.

Vims (pr)

Tirae (sec)
Figure: 4.5. Output response of the line with D-
STATCOM

V. CONCLUSION

In this work, the investigation on the role
of Distribution Static Synchronous Compensator
(DSTATCOM) can compensate the voltage sag and
swells conditions. In order to achieve improved
power quality levels simulated with or without
DSTATCOM connected to the distribution system.
The Simulation results show that the DSTATCOM
can compensate the voltage sag and swell
conditions. In this thesis work, mitigate VVoltage Sag
condition and Power Quality improvement on 25 %
in fault resistance 0.20 Q with DSTATCOM and in
fault resistance 0.40 Q mitigate Voltage Sag
condition and Power Quality improvement on 30 %
with DSTATCOM. It can be concluded that
DSTATCOM improves the power quality and
remove the voltage sag condition in distribution
network.
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