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Abstract - AtpresentStatic compensators (STATCOM) are
playing major role in the maintaining the voltage stability of
the transmission lines. To reduce the ripple content in the
output waveform of the STATCOM multilevel inverter
topologies are used. The major requirement of the reactive
power demand for inductive type of load is to mitigated by
STATCOM to reduce the burden along with the reactive
power, real power is also required to be provided to reduce
the effect of voltage drop being caused by the resistance of
the Transmission lines. STATCOM is a power electronics
based shunt connected compensating device which proves to
be very useful to provide reactive and real power
compensation in the distribution line. In this paper, using
STATCOM with the integration of Diode clamped three level
multilevel inverter is used to supply both real and reactive
power. The results are verified MATLAB/SIMULINK a
transmission line of 25KV s is used and with STATCOM
rating of +/- 1 MVA is used. The results shows that the
multilevel inverter maintains voltage stability of the load
with less harmonic content in voltage waveforms

Key Words: Power quality, voltage sag, Voltage swell,
STATCOM, Multilevel inverter, Diode clamped multilevel
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1. INTRODUCTION

The exponential growth in the electrical energy usage
day by day, combined with demand for low cost energy, has
gradually led to the development of generation sites
remotely located from the load centre. The usage of
transmission lines to connect generating sites to load centres
is required for the generation of bulk electricity at remote
places. Active regulation of reactive power is required to
stabilise the power system and sustain the supply voltage
with long-distance ac power transmission and load power
requirement. The static synchronous compensator
(STATCOM), which uses voltage source inverters instead of
thyristor-controlled reactors, has been approved as a
competitive alternative to the traditional static var
compensator (SVC). STATCOM acts as a synchronous voltage
source. It can provide reactive power compensation without
the dependence on the ac system voltage. By controlling the
reactive power, a STATCOM can stabilize the power system,
increase the maximum active power flow and regulate the
line voltages. Faster response makes STATCOM suitable for

continuous power flow control and power system stability
improvement [1]. The interaction between the AC system
voltage and the inverter-composed voltage provides the
control of the STATCOM var output. When these two
voltages are synchronized and have the same amplitude, the
active and reactive power outputs are zero. There are
various converter configurations available for both single
andthreephaseapplications:-Thesinglephasehalfbridgeis a
one-leg convertor consisting of two switching elements.
The H- bridge VSC is most popular for single phase
applications because with the same DC input voltage the
output of the full bridge is twice that of the half bridge
Numerous mechanical applications have started to require
high power as of late Some machines in the ventures anyway
require medium or high power for their activity. Utilizing a
powerful hotspot for every single mechanical load may end
up being valuable to a few engines requiring high power
while it might harm alternate burdens. Inverters are utilized
for some applications, as in circumstances where low voltage
DC sources must be changed over with the goal that gadgets
can keep running off of AC control. The staggered inverter
has been presented since 1975 as option in high power and
medium voltage situations the staggered inverter resembles
an inverter and it is utilized for modern applications as an
option in high power and medium voltage circumstances.
The staggered inverter comprises of a few switches. In the
staggered inverter the game plan switches edges are critical
Multilevel inverter goes up to high exchanging voltage by
methods for a progression of voltage steps, every one of
which is rely upon the rating of intensity gadgets separately.
For staggered inverter, a few topologies are ordered in two
gatherings relying upon the quantity of autonomous dc
source The most well-known working topologies are diode
clipped (NPC), flying capacitor (FC) and Cascaded H-
Bridge(CHB). A NPC inverter is fundamentally made out of
two ordinary two-level voltage source inverter stacked are
over the other with some minor adjustments. This paper
shows the regulation of voltage across the load with both
simultaneous control ofrealandreactive power control [2].

2. STATIC SYNCHRONOUS COMPENSATOR
(STATCOM)

The basic structure of the STATCOM is converter that
produces a synchronous sinusoidal voltage. Voltage source
Inverter (VSI) are mostly used in the application of the
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statcoms. The most economical and practical configuration
that is presently utilized and suggested.

High power utility applications are multiphase converters.
Thereal powersupplied bythedclink capacitoriszero,thus it
supplies only the required reactive power depend upon the
control phase and magnitude of the gating pulses of the
statcom since reactive power at zero frequency i.e. Capacitor
voltage is by definition zero, the dc capacitor has no influence
in the responsive power age. In other words, the reactive
power generation is due to the interconnection of the AC
phases by the converter in such a way thatthe reactive power
of the AC system can flow freely from the AC phases.
Nonetheless, despite the fact that reactive power is inside
created by the activity of solid-state switches, it is as yet
important to have some somewhat little dc capacitor across
the terminals of the converter [3].

The requirement for the dc capacitor is principally needed
to fulfil the balance between the input and output powers of
the converter. The result voltage waveform of the converter
isnotan ideal sine wave, smooth wave nearly too sinusoidal
currentis achieved through the use of multilevel topologies in
the statcom through the tie reactance of the transmission
system. As a result of reduced ripple content in the output
waveform the net three phase power has less ripples.

2. 1. Basic operation of STATCOM

From Fig. 1 shows that STATCOM consists of a power
electronic device which converts the D.C to the A.C known as
the inverter generally three phase inverter (generallya PWM
inverter) using SCRs, MOSFETs or IGBTSs, a dc capacitor
which provides the dc voltage for the inverter, a transformer
which acts as aleakage inductance which plays majorrole in
reactive power flow. From the dc side capacitor, a three
phase voltage is generated by the inverter. This is
synchronized with the ac supply. The leakage inductor links
the inverter D.C voltage to the ac supply side. The basic
principle of operation of STATCOM is that, for two ac
sources which have the same frequency and are connected
through a series inductance, the active power flows from
the leading source to the lagging source and the reactive
power flows from the higher voltage magnitude source to
the lower voltage[2].

In conventional converters which is two level inverter
they do not have the capability of voltage magnitude control
and only the phase angle of the AC output waveform can
alone be controlled by the gating pulses of the statcom. But
in multilevel inverter there is a capability of controlling both
the magnitude of the AC output waveform and phase angle of
the output AC voltage waveform Voltage (Vs) is the AC
voltage generated from the statcom and the transmission
system voltage (Vt). If Vs lags Vt, real power flows from
transmission system to dc side. Similarly if Vs leads Vt, real
power flows from the dc side to the transmission system.

Therefore the real power exchange is a function of phase
displacement (Aa).

Transmission Line

Coupling Transformer

Vi
Xe
l Vi = Vi(Aa)

DC-AC
Converter
Vi
L L('_J T de i(Aa)
Vi

Fig -1: Block diagram of STATCOM

2.2. Power flow equations of STATCOM

Diode clamped MLI based STATCOM is connected to the
line through coupling transformer. The VSC and a capacitor
connected at DC side. Here a three level diode clamped MLI is
used as statcom as shown in fig 2.

The current flowing from the statcom is derived from the
equation below as,

Ic=(Vc-Vs) /x (1)

Active power from the statcom is given by the equation as
follows

P=(Vc*Vs/x)*sin a (2)

Reactivepowerfromthestatcomisgivenbytheequation
as follows

Q=(V-VeVs*cosa) /X (3)
Where

Vc is the inverter output AC voltage

Vs is the AC bus voltage

X1is the leakage reactance of coupling transformer
a is the phase angle between Vs and Vc

Ic is the magnitude of STATCOM currentinjectinginto the
system.

Fromtheabove equations (1), (2), (3)itrepresentsthe
power flow equations from thestatcom.
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Fig-2:Schematicdiagramof STATCOM with power
system

From the equation (2) it shows that, the active power
flow from the statcom is positive when grid voltage leads the
statcom voltage vice versa the active power flow from the
statcom is made negative by making grid voltage lags the
statcomvoltageie..,statcomsuppliesrealpowertothegrid.

From the equation (3) it shows that, the reactive power
flow from the statcom is made positive when grid voltage
magnitude is larger than the statcom voltage magnitude, vice
versa the reactive power flow from the statcom is made
negative by making grid voltage magnitude less than the
statcom voltage ie.., statcom supplies reactive power to the
grid [3].

3. Multilevel inverter topologies

There are mainly three different multilevel converter
structures are widely used in industrial applications.

They are
i.  Diode clamped inverter
ii. Flying capacitor multilevelinverter

ili. Cascaded H-bridge converter with separate dc
sources.

The circuit design is more complex, as the presence of
large number of switches in the circuit, the control of the
switches in circuitis complicated to obtain the outputvoltage
of different levels with smoother output waveforms. The
obtained waveform has decreased harmonic distortions and
changeinvoltage persecond acrosseachswitchisreduced.

Diode clamped inverter which is also commonly called as
neutral fed inverter is most commonly used multilevel
inverter, to achieve steps in output voltage the diode is used
as clamping device which is helpful to clamp the dc bus bus
voltage to get differentlevels. Thus, diode is used to limit the
voltage stress. In this topology there are two pairs of switches
and two diode are consists in a three-level diode clamped
inverter. The voltage across each capacitor and each switch is

Vdc. The quality of the output voltage is improved by
increasing the number of voltage levels and the voltage
waveform becomes closer to sinusoidal waveform. The
diodes used to provide access to mid-point voltage and all
switch pairs work in complimentary mode. The DC bus
voltage is divided into three voltage levels with the help of
two series connections of DC capacitors, C1 and C2. With the
assistance of the clamped diodes the voltage stress across
each power electronic switch is inclined toward Vdc. It is
assumed that the absolute dc link voltage is Vdc and mid-
point is synchronized at half of the dc interface voltage, the
voltage across every capacitor is Vdc/2 (Vc1=Vc2=Vdc/2). In a
diode clamped three level inverter, there are three unique
possible switching states. Only two switches is on for a three-
level inverter at any instant of time [6].

+Vde2
T
Ci |
D1 L INT2
n
Vde "
DY AT
C2 l
2 T4
-Vdcer2
S

Fig-3:Singlelegofthreelevel Diode clamped multilevel
inverter

Table -1: Switching states of DC-MLI

Switch State State Pole Voltage
T1=0N,T2=0N S=+VE Vao=Vdc/2
T3=0FF,T4=0FF

T1=0FF,T2=0N S=0 Vao=0
T3=0N,T4=0FF

T1=0FF,T2=0FF, | S=-VE Vao=-Vdc/2
T3=0N,T4=0N

At any time a set of two switches is on for a three-level

inverter. Table.1 shows the switching states in one part of the
three-level diode clamped multilevel inverter. In a three level
diode clamped inverter, there are three altered achievable
switching states which are allowed to obtain the stepped
waveform nearer to sine wave on output voltage relating to DC
link capacitor voltagevalue.
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3.1. Switching configuration of Diode Multilevel
inverter topologies

During the triangular carrier wave comparison two high
frequency triangular waves are used to compare with the
reference sine wave, if the reference phase signal is greater
than the two triangular carrier waves then the T1, T2
switches are turned on and T3, T4 switches are turned off on
producing the output voltage as Vdc/2. If the reference phase
signal is not greater than above triangular wave and greater
than below triangular wave then T1, T4 switches are turned
off, T2, T3 switches are turned on. If the reference phase
signal is notless than above triangular wave and notless than
below triangular wave then T1, T4 switches are turned off,
T2, T3 switches are turned on. Ifthe reference phase signal is
less than both the triangular carrier waves then T1, T2
switches are turned off and T3, T4 switches are turned on
producing output voltage as -Vdc/2 [6].

The output voltage obtained by the above switching
configuration is obtained as shown in below figure. The
circuit diagram representing above switching is shown in
below figure.

+Vdc/2

-Vdc/2

Fig -3: Output waveform voltage for a single phase
3.2. PI controller

The block diagram of a proposed control technique is
shownin fig.4. Therefore, the PLL provides the angle ¢ to the
abcto-dq0 (and dqO-to-abc) transformation. There are also
four proportional-integral (PI)regulators.

Vsabc

Istabc

Fig -4: D-Q control strategy

Figure 4 shows the internal view of Synchronous
Reference Frame Theory (SRF) control strategy for
STATCOM. In this control strategy the SRF-based STATCOM

control technique is used to generate gate pulses for
controlling of STATCOM. Here from the control strategy is
designed with abc frame to d-q frame conversion block, PLL
block, HPF, PI controller, DQ to ABC conversion block .The
abc frame to d-q frame conversion block converts 3@ load
current parameters (Iabc) to dq0 parameters frame by using
parks transformation. The phase locked loop generates Sinwt
and coswt signals for transformation block. Initially, the
current components from block in a-f co-ordinates are
generated. labc of statcom current phases can then be
transformed into a- (3 coordinates. HPF is high pass filter is
used to block low frequency components coming from
conversion block then given to inverse transformation block
and then the output of inverse transformation block is
STATCOM reference current which will generate gate pulses
for switches [4].

3.3. Design of PI controller

In this paper, simulation is done by using proportional-
integral (PI) controller. The DC reference voltage and DC link
voltage are compared and the error is generated and
controlled by PI controller which generates the direct axis
component of the reference grid current. The grid reactive
power and reference reactive power (reference grid reactive
power, Qref = zero) are compared and controlled by PI
controller which generates quadrature axis component of
reference grid current as shown in Figure 4.

The controller used is discrete PI controller that takes
reference value and actual value and generates the maximum
value of reference current, which depends on the errors in
the reference value and actual value.

The voltage error V (n) is given as:

V(n)=Vx*(n)-V(n-1) 4)
The output of the PI controller at the nth instant is:
IM=In-1)+K*[V(n)-V(n-1)]+KiV(n) (5)

The equations of direct and quadrature axis component of
reference grid currentare,

la= ( Kp+ Ki/S) * ( Vref*-V) (6)

la= (Kp+Ki/S) *(Vdc*-Vdc) 7N
Where

Kp proportional gain

Ki integral gain

Vic* reference DClink voltage

Vic measured DC link voltage

Vrer * reference loadvoltage

V measured load voltage

© 2021,IRJET | ImpactFactorvalue: 7.529 |

IS0 9001:2008 Certified Jouna | Page 1602



‘// International Research Journal of Engineering and Technology (IRJET)

JET Volume: 09 Issue: 01 | Jan 2022

www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

4. MODELING THE STATCOM USING THE

SIMULINK’S POWER SYSTEM BLOCKSET

A STATCOM is a power electronic system with a complex
control system. Modelling the STATCOM including the power
network and its controller in Simulink environment requires
“electric blocks” from the Power System Block set and
control blocks from Simulink library. We consider here a
+1Mvar STATCOM connected to a 25-kV distribution
network.

Figure 5 shows a Simulink diagram which represents the
STATCOM and the distribution Network. The feeding network is
represented by a Thevenin equivalent (bus Bl) followed by a
21-km feeder which is modelled by a pi-equivalent circuit
connected to bus B2. A 25-kV /2500 V transformerand a 100
MVA load are connected to bus B2 by a 2-km feeder. The
STATCOM output is coupled in parallel with the network
through a step-up 2.5/25-kV Y--Y transformer. The primary
of this transformer is fed by a voltage-source PWM inverter
consisting of two IGBT bridges. A filter bank is used at the
inverter output to absorb harmonics. A 6600 micro farads
capacitorisused as dc voltage source for the inverter.

APWMpulsegeneratorwithacarrierfrequencyof2kHz is
used to control both IGBT bridges. The modulation scheme
usedisofLevelshiftsinusoidaltypePulsewidthmodulation.

Table -2: System parameters and values

System Parameters Values
Source voltage 25000 volts
Transmission line rating 25kv /100 MVA

Transmission line 0.1 p.u resistance,

impedance 1 p.ureactance
Distribution Transformer 25kv/415 volts
R-load 70e6 MW
RL - Load 52.5e6 MVAR
RC-Load -52.5e6 MVAR

4. 1 SIMULATING THE STATCOM OPERATION
MODELING THE STATCOM USING THE SIMULINK'S POWER
SYSTEM BLOCKSET

The Simulink diagram shown in Fig. 5 has been used to
simulate the operation of the D-STATCOM under different
conditions to illustrate its performance. The simulation was
done using a discrete step time (T = 50 micro
seconds).Initially the statcom is in open state. As there will
be variations in the voltage of the transmission system it is
simulated in the Simulink by using programmable voltage
source.

T =
o \’3 |
" LN
L
o A»;.
5 T
; it
e B
B
-

—! STATCOM
wAa

Fig -5 Simulink diagram representing STATCOM

The simulation is done under variation types of load such as
RL Load, RC Load, and R Load. The behavior of the statcom
under correction of the load voltage is observed during the
both cases such as Voltage Sag which from 1 p.u to 0.98 p.u
and Voltage Swell which is from 1 p.uto 1.02 p.u.
4.1 When under RL Load

A RL load of 100 MVA consisting of 70MW of resistive
load and 52.5 MVAR of inductive load is considered to be as a
load. The STATCOM operation at load side for different
conditions such as decrease in voltage ie.., voltage sag and
increase in the voltageie.., voltage swell are to be tested.

4.1.1 Voltage Sag

As there will be variations in the voltage of the
transmission system it is simulated in the Simulink by using
programmable voltage source,, where it is programmed to it
voltage from 1 p.u voltage to 0.98 p.u voltage results in the
voltage sag at time of 0.3 seconds. The decreased in the
voltage can be observed from the power waveforms of the
Source. The statcom is connected to the transmission system
atthe 0.5 seconds to increase the voltage at load to 0.98 p.u
from the 1 p.u by the proper action taken by statcom.

T
Phase-A

T

s «10* Source Voltage

Source Yoltage
=
T

3 I I I I I I
0 01 0.2 0.3 04 0.5 06 0.7

Time (seconds)

Fig -6.1.1-Source Voltage
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Attimet=0sec,thevoltage ofthesourceisat1p.u. After
0.2sec,thevoltageisreduced fromits1p.uto0.98p.u.itcan be
observed from the above waveform.

Source Current
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0 01 02 03 04 05 06 o7
Time (seconds)

Fig -6.1.2-Source Current

At time t=0 sec, the current drawn from source is at
normal value, at t=0.2 sec there is decrease in value due to
decrease in voltage. After 0.3 sec, the statcom connection to
the system made the system to draw less current than it
requires.

»10° Source Real power
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Fig -6.1.3-Source Real Power

At time t=0 sec, the real power drawn from the
source is 9 MW after the connection statcom the real power
drawn from the source is reduced to 8.2 MW.

«10° Source Reaclivel power
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Fig -6.1.4-Source Reactive Power

Attime t=0 sec, the reactive power drawn from the source
is 15 MVAR, after connection of statcom at 0.3 sec the
reactive power demand by theload is reduced by 1 MVAR.

. 10% Statcom voltage

L Phase-A

Statcom voltage
[=]

o 01 02 03 04 05 06 07
Time (seconds)

Fig -6.2.1-Statcom Voltage

At time t=0 sec, the statcom voltage is at value of 1 p.u
Whentimereaches0.2sec,thereisdecreaseinthevoltageto
0.98 p.u with the reduction of the voltage. At time t=0.3 sec,
the statcom is made to connect and the voltage across the
load is made to bring to the 1 p.u.

Statcom Current

wol T I ' I~ Phase-A[
o i
~ THITRART

0 01 0.2 0.3 04 0.5 06 07
Time (seconds)

Fig -6.2.2-Statcom Current

At time t=0 sec, the power supplied by statcom is
made to zero, when there is reduction voltage at load at
t=0.3 sec the statcom makes the appropriate control action
to supply required amount of power to load.

“10° Statcom Real power
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T

]
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o1 02

Fig -6.2.3-Statcom Real Power

At time t=0 sec, the statcom in closed position. After t=0.3 sec,
the statcom is made to connect to the load to produce the
required amount of real power demanded by the load to
maintain it value normal to 1 p.u.
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Fig -6.2.4-Statcom Reactive Power

At time t=0 sec, the statcom in closed position. After t=0.3
sec, the statcom is made to connect to the load to produce the
required amount of reactive power demanded by the load to
maintain it value normal to 1 p.u.

104 Load Voltage
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Fig -6.3.1-Load Voltage

Initially the voltage across the load is maintained at 1 p.u
value, after 0.2 sec due to reduction in source voltage there is
reduction in voltage value from 1 p.uto 0.98 p.u. At t=0.3 sec
statcom is connected to bring back the voltage to 0.3 sec.

The statcom supplies the power demanded by the load
which is reduced due to decrease in the voltage of the

supply.
Load Currenl

600 - T I 1 T - P'wssME
!!ﬁ,‘,ni.‘g.,‘q nrip'\ru! ~
HHH |

|

i W

Load Current
=]

0 01 02 03 04 05 08 07
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Fig -6.3.2-Load Current

At time t=0 sec, as the voltage across the load is made 1 p.u
the load draws the required amount of current. As there is
reduction in voltage at 0.2 sec, there is reduction in value of
current. At 0.3 sec, the statcom is made to connect to load
makes the load to draw the required amount of current.

109 Load Real power

Load Real power
- (5] w & w o ~N

in MW

0 01 02 03 04 0s o6 07
Time (seconds)

Fig -6.3.3-Load Real Power

Itis observed from the wave form that at t=0 sec, the
load is drawing its required power. After 0.2 sec there is
decrease in power due to decrease in voltage, the statcom
connected at 0.3 sec makes the load to draw the desired real
power.

< 10° Load Reactive power
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Load Reactive power

2 L L 1 i ! 1 =

o= 1 1 1 In MVAR |_|

1 1 ! 1 Il I
0 0.1 02 03 04 05 06 0.7
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Fig -6.3.4-Load Reactive Power

It is observed from the wave form that at t=0 sec, the
load is drawing its required power. After 0.2 sec there is
decrease in power due to decrease in voltage, the statcom
connected at 0.3 sec makes the load to draw the desired
reactive power.

From the waveforms of the Figure 6 it is observed that the
statcom is able to compensate both the active and reactive
power by acting statcom as in the capacitive supplying both
active and reactive power from the supply.

4. 1. 2 Voltage Swell

As there will be variations in the voltage of the
transmission system it is simulated in the Simulink by using
programmable voltage source, where itis programmed to it
voltage from 1 p.u voltage to 1.2 p.u voltage results in the
voltage swell at time of 0.3 seconds. The increase in the
voltage can be observed from the power waveforms of the
Source. The statcom is connected to the transmission system at
the 0.5 seconds to decrease the voltage at load to 1.2 p.u
from the 1 p.u by the proper action taken by statcom.
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104 Source Voltage
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Fig -7.1.1-Source Voltage

At time t=0 sec, the voltage of the source is at 1 p.u. After
0.2 sec, the voltage is increased from its 1 p.uto 1.02 p.u. it
can be observed from the above waveform.

Source Current
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Fig -7.1.2-Source Current

At time t=0 sec, the current drawn from source is at
normal value, at t=0.2 sec there is increases in value due to
increase in voltage. After 0.3 sec, the statcom connection to
the system made the system to draw more current than it
requires to reduce more drop across lines to reduce voltage
across theload.
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Fig -7.1.3-Source Real Power

At time t=0 sec, the real power drawn from the source is 9
MW after the connection statcom, the real power drawn from
the source is increased to 10 MW.
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Fig -7.1.4-Source Reactive Power

Attime t=0 sec, the reactive power drawn from the source is
15 MVAR, after connection of statcom at 0.3 sec the reactive
power demand by the load is increased by 2 MVAR.

104 Statcom voltage
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Fig -7.2.1-Statcom Voltage

Attime t=0 sec, the statcom voltage is at value of 1 p.u When
timereaches 0.2 sec, thereisincreaseinthevoltageto 1.02
p.u with the increase in the voltage. At time t=0.3 sec, the
statcom is made to connect and the voltage across the load is
made to bring to the 1 p.u.
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Fig -7.2.2-Statcom Current

At time t=0 sec, the power supplied by statcom is made to
zero, when thereis increase in the voltage atload att=0.3 sec
the statcom makes the appropriate control action to supply
required amount of power to load.
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Fig -7.2.3-Statcom Real Power

At time t=0 sec, the statcom in closed position. After t=0.3 sec,
the statcom is made to connect to the load to absorb the
required amount of real power not required by the load to
maintain it value normal to 1 p.u.

[=—lnvar] |

10 Statcom Reaclive power
T

Stalcom Reactive power

L
o 01 02 03 04 o5 08 o7

Time (seconds)

Fig -7.2.4-Statcom Reactive Power

At time t=0 sec, the statcom in closed position. After t=0.3
sec, the statcom is made to connect to the load to absorb the
required amount of reactive power not required by the load
to maintain it value normal to 1 p.u.
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Fig -7.3.1-Load Voltage

Initially the voltage across the load is maintained at 1 p.u
value, after 0.2 sec due to increase in source voltage there is
incrementin voltage value from 1 p.uto 1.02 p.u. At t=0.3 sec
statcomis connected to bringback the voltage to 0.3 sec.
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Fig -7.3.2-Load Current

At time t=0 sec, as the voltage across the load is made 1 p.u
the load draws the required amount of current. As there is
increment in voltage at 0.2 sec, there is increase in value of
current. At 0.3 sec, the statcom is made to connect to load
makes theload to draw the required amount of current.

. 10" Load Real power
T T T T

Load Real power
(-] - N (X} - - o ~ ®
_ —

— | MW
| | | |

02 03 04 o5 08 07
Time (seconds)

Fig -7.3.3-Load Real Power

.,
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Itis observed from the wave form that at t=0 sec, the
load is drawing its required power. After 0.2 sec there is
increase in power due to increment in voltage, the statcom
connected at 0.3 sec makes the load to draw the desired real
power.
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Fig -7.3.4-Load Reactive Power

Itis observed from the wave form thatat t=0 sec, the
load is drawing its required power. After 0.2 sec there is
increment in power due to increase in voltage, the
statcom connected at 0.3 sec makes the load to draw the
desired reactive power.
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From the waveforms ofthe Figure 7 itis observed that the
statcom is able to compensate both the active and reactive
power by acting statcom as in the inductive nature by
absorbing both active and reactive power from the supply to
maintain the constant voltage across the load.

4.2 When under RC Load

A RC load of 100 MVA consisting of 70MW of resistive
loadand 52.5 MVAR of capacitiveloadis considered tobeas a
load. The STATCOM operation at load side for different
conditions such as decrease in voltage ie.., voltage sag and
increase in the voltage ie.., voltage swell are to be tested.

4.2.1 Voltage Sag

As there will be variations in the voltage of the
transmission system it is simulated in the Simulink by using
programmable voltage source, where it is programmed to it
voltage from 1 p.u voltage to 0.98 p.u voltage results in the
voltage sag at time of 0.3 seconds. The decreased in the
voltage can be observed from the power waveforms of the
Source. The statcom is connected to the transmission system at
the 0.5 seconds to increase the voltage at load to 0.98 p.u
from the 1 p.u by the proper action taken by statcom.

Phase-A

10 Source Voltage
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o

Source voltage

'
L

0 0.1 02 0.3 04 0.5 06 0.7
Time (seconds)

Fig -8.1.1-Source Voltage

Attime t=0 sec, the voltage of the source is at 1 p.u. After 0.2
sec, the voltage is reduced from its 1 p.u to 0.98 p.u. it can be
observed from the above waveform

Source Current

I~ Phase-A

1000

Current (in Amps)
[=3

UL ARk

At time t=0 sec, the current drawn from source is at normal
value, at t=0.2 sec there is decrease in value due to decrease
in voltage. After 0.3 sec, the statcom connection to the system
made the system to draw less current than it requires.
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Fig -8.1.3-Source Real Power

At time t=0 sec, the real power drawn from the source is 27
MW after the connection statcom the real power drawn from
the source is reduced to 26 MW.
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Fig -8.1.4-Source Reactive Power

Attime t=0 sec, the reactive power drawn from the source is
15 MVAR, after connection of statcom at 0.3 sec the reactive
power demand by the load is reduced by 2 MVAR.
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Fig -8.1.2-Source Current Fig -8.2.1-Statcom Voltage
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Attime t=0 sec, the statcom voltage is at value of 1 p.u When
timereaches 0.2 sec,thereisdecreaseinthevoltageto0.98
p-u with the reduction of the voltage. At time t=0.3 sec, the
statcom is made to connect and the voltage across the load is
made to bring to the 1 p.u.

Statcom Current

40 [ [ [ [ [ I~ Phase-A
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Fig -8.2.2-Statcom Current

At time t=0 sec, the power supplied by statcom is made to
zero, when there is reduction voltage atload at t=0.3 sec the
statcom makes the appropriate control action to supply
required amount of power to load.

_10° Statcom Real power
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Fig -8.2.3-Statcom Real Power

At time t=0 sec, the statcom in closed position. After t=0.3 sec,
the statcom is made to connect to the load to produce the
required amount of real power demanded by the load to
maintain it value normal to 1 p.u. The statcom supplies
required amountofreal power byleading the phase angle.
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Fig -8.2.4-Statcom Reactive Power

At time t=0 sec, the statcom in closed position. After t=0.3
sec, the statcom is made to connect to the load to produce the
required amount of reactive power demanded by the load to
maintain it value normal to 1 p.u. The statcom supplies the

required amount of power by increasing the voltage across
the dc capacitor.

w104 Load Voltage
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Fig -8.3.1-Load Voltage

Initially the voltage across the load is maintained at 1 p.u
value, after 0.2 sec due to reduction in source voltage there is
reduction in voltage value from 1 p.uto 0.98 p.u. Att=0.3 sec
statcom is connected to bring back the voltage to 0.3 sec.

qi 'n,n_fvufm., T m

Time (seconds)

Fig -8.3.2-Load Current

At time t=0 sec, as the voltage across the load is made 1 p.u
the load draws the required amount of current. As there is
reduction in voltage at 0.2 sec, there is reduction in value of
current. At 0.3 sec, the statcom is made to connect to load
makes theload to draw the required amount of current.

107 Load Real power
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Fig -8.3.3-Load Real Power

Itis observed from the wave form that at t=0 sec, the load is
drawingits required power. After 0.2 sec there is decreasein
power due to decrease in voltage, the statcom connected at
0.3 sec makes the load to draw the desired real power. Thus
the power required by the load bring back to its normal.
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Fig -8.3.4-Load Reactive Power

It is observed from the wave form that at t=0 sec, the load is
drawingits required power. After 0.2 sec there is decrease in
power due to decrease involtage, the statcom connected at
0.3secmakestheload todrawthe desired reactive power.

From the waveforms of the Figure 8 it is observed that the
statcom is able to compensate both the active and reactive
power by acting statcom as in the capacitive nature
supplying both active and reactive power from the supply.

4. 2. 2 Voltage Swell

As there will be variations in the voltage of the
transmission system it is simulated in the Simulink by using
programmable voltage source , where it is programmed to
it voltage from 1 p.u voltage to 1.2 p.u voltage results in the
voltage swell at time of 0.3 seconds. The increase in the
voltage can be observed from the power waveforms of the
Source. The statcom is connected to the transmission
system at the 0.5 seconds to decrease the voltage atload to
1.2p.ufrom the 1 p.u by the proper action taken by statcom.
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Fig -9.1.1-Source Voltage

At time t=0 sec, the voltage of the source is at 1 p.u. After
0.2 sec, the voltage is increased from its 1 p.u to 1.02 p.u. it
can be observed from the above waveform. The statcom is
made to connect at t=0.3 sec to reduce excess power drawn
by the source.

Source Current

1000

500 [ |

Current (in Amps)
o

Bl
|

-1000

0 0.1 0z 03 04 05 06 07
Time (seconds)

Fig -9.1.2-Source Current

At time t=0 sec, the current drawn from source is at normal
value, att=0.2 sec there isincrease in value due to increase in
voltage. After 0.3 sec, the statcom connection to the system
made the system to draw more current than it requires to
reduce the voltage across the load.
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Fig -9.1.3-Source Real Power

At time t=0 sec, the real power drawn from the source is 27
MW after the connection statcom the real power drawn from
the source is reduced to 29 MW. The excess power from the
source after 0.3 seconds is absorbed by the statcom by
reducing voltage across the dc capacitor.
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Fig -9.1.4-Source Reactive Power

Attime t=0 sec, the reactive power drawn from the source is
15 MVAR, after connection of statcom at 0.3 sec the reactive
power demand by the load is increased by 1 MVAR. The
excess power from the source after 0.3 seconds is absorbed
by the statcom by reducing voltage across the dc capacitor.
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Fig -9.2.1-Statcom Voltage

Attime t=0 sec, the statcom voltage is at value of 1 p.u When
timereaches 0.2 sec, thereis increase in the voltage to 1.02
p.u with the increase of the voltage. At time t=0.3 sec, the
statcom is made to connect and the voltage across the load is
made to bring to the 1 p.u.
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Fig -9.2.2-Statcom Current

At time t=0 sec, the power supplied by statcom is made to
zero, when there is increment in voltage at load at t=0.3 sec
the statcom makes the appropriate control action to absorb
required amount of power to supply desired amount to
load.
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Fig -9.2.3-Statcom Real Power

At time t=0 sec, the statcom in closed position. After t=0.3 sec,
the statcom is made to connect to the load to absorb the
required amount of real power not demanded by the load to
maintain it value normal to 1 p.u.
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Fig -9.2.4-Statcom Reactive Power

At time t=0 sec, the statcom in closed position. After t=0.3
sec, the statcom is made to connect to the load to absorb the
required amount of reactive power not demanded by the
load to maintain it value normal to 1 p.u.
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Fig -9.3.1-Load Voltage

Initially the voltage across the load is maintained at 1 p.u
value, after 0.2 secduetoincrementinsourcevoltagethere is
increase in voltage value from 1 p.u to 1.02 p.u. At t=0.3 sec
statcomisconnectedtobringbackthevoltageto0.3sec.
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Fig -9.3.2-Load Current

At time t=0 sec, as the voltage across the load is made 1 p.u
the load draws the required amount of current. As there is
increase in voltage at 0.2 sec, there is increase in value of
current. At 0.3 sec, the statcom is made to connect to load
makes theload to draw the required amount of current.
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Fig -9.3.3-Load Real Power

Itis observed from the wave form that at t=0 sec, the
load is drawing its required power. After 0.2 sec there is
increase in power due to increase in voltage, the statcom
connected at 0.3 sec makes the load to draw the desired real
power.
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Fig -10.1.1-Source Voltage

At time t=0 sec, the voltage of the source is at 1 p.u. After
0.2 sec, the voltage is reduced from its 1 p.u to 0.98 p.u. it
can be observed from the above waveform. The statcom is
made to connect at t=0.3 seconds.
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Fig -9.3.4-Load Reactive Power

It is observed from the wave form that at t=0 sec, the load is
drawing its required power. After 0.2 sec there is increment
inpowerduetoincreaseinvoltage,thestatcomconnectedat
0.3 sec makes theload to draw the desired reactive power.

From the waveforms of the Figure 9 itis observed that the
statcom is able to compensate both the active and reactive
power by acting statcom as in the inductive nature by
absorbing both active and reactive power from the supply to
maintain the constant voltage across the load.

4.3 When under R Load

A RC load of 100 MVA consisting of 70MW of resistive
load is considered to be as aload. The STATCOM operation at
load side for different conditions such as decrease in voltage
ie.,, voltage sag and increase in the voltage ie.., voltage swell
are to be tested.

4. 3.1 Voltage Sag

As there will be variations in the voltage of the
transmission system it is simulated in the Simulink by using
programmable voltage source, where it is programmed to it
voltage from 1 p.u voltage to 0.98 p.u voltage results in the
voltage sag at time of 0.3 seconds. The decreased in the
voltage can be observed from the power waveforms of the
Source. The statcom is connected to the transmission system at
the 0.5 seconds to increase the voltage at load to 0.98 p.u
from the 1 p.u by the proper action taken by statcom.
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Fig -10.1.2-Source Current

At time t=0 sec, the current drawn from source is at normal
value, at t=0.2 sec there is decrease in value due to decrease
in voltage. After 0.3 sec, the statcom connection to the system
made the system to draw less current than it requires.
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Fig -10.1.3-Source Real Power

At time t=0 sec, the real power drawn from the source is 15
MW after the connection statcom the real power drawn from
the source is reduced to 14 MW. The real power demanded
by the load is supplied by the statcom after time t=0.3
seconds.
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Fig -10.1.4-Source Reactive Power

Attime t=0 sec, the reactive power drawn from the source is
12 MVAR, after connection of statcom at 0.3 sec the reactive
power demand by the load is reduced by 11 MVAR. The
reduction power supply is compensated by the statcom.
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Fig -10.2.1-Statcom Voltage
Attimet=0sec,thestatcomvoltageisatvalueof 1 p.uWhen
timereaches0.2sec,thereisdecreaseinthevoltageto 0.98

p.u with the reduction of the voltage. At time t=0.3 sec, the
statcom is made to connect and the voltage across the load is
made to bring to the 1 p.u.
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Fig -10.2.2-Statcom Current
At time t=0 sec, the power supplied by statcom is made to
zero, when there is reduction voltage at load at t=0.3 sec
the statcom makes the appropriate control action to supply
required amount of power to load.
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Fig -10.2.3-Statcom Real Power

At time t=0 sec, the statcom in closed position. After t=0.3 sec,
the statcom is made to connect to the load to produce the
required amount of real power demanded by the load to
maintain it value normal to 1 p.u. The statcom delivers real
power by increasing the voltage across the dc capacitor and
by producing voltage waveform leading by an angle greater
than the supply voltage.
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Fig -10.2.4-Statcom Reactive Power
At time t=0 sec, the statcom in closed position. After t=0.3
sec, the statcom is made to connect to the load to produce the
required amount of reactive power demanded by the load to
maintain it value normal to 1 p.u. The statcom produces
reactive power by increasing the voltage across the dc
capacitor.
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Fig -10.3.1-Load Voltage

Initially the voltage across the load is maintained at 1 p.u
value, after 0.2 sec due to reduction in source voltage there is
reduction in voltage value from 1 p.uto 0.98 p.u. Att=0.3 sec
statcomisconnectedtobringbackthevoltageto0.3sec.The
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power supply by the statcom made the load voltage back to
initial value which is 1 p.u.

Load Current
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Fig -10.3.2-Load Current

At time t=0 sec, as the voltage across the load is made 1 p.u
the load draws the required amount of current. As there is
reduction in voltage at 0.2 sec, there is reduction in value of
current. At 0.3 sec, the statcom is made to connect to load
makes theload to draw the required amount of current.
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Fig -10.3.3-Load Real Power
Itisobserved fromthewave formthatatt=0sec,theload is
drawingitsrequired power. After 0.2 sec thereis decrease in
power due to decrease in voltage, the statcom connected at
0.3 sec makes the load to draw the desired real power.
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Fig -10.3.4-Load Reactive Power
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Itis observed from the wave form that at t=0 sec, the load is
drawingits required power. After 0.2 sec thereis decrease in
power due to decrease involtage, the statcom connected at
0.3 secmakes theload to draw the desired reactive power.

From the waveforms of the Figure 10 it is observed that
the statcom is able to compensate both the active and

reactive power by acting statcom as in the capacitive nature
supplying both active and reactive power from the supply.

4. 3.2 Voltage Swell

As there will be variations in the voltage of the transmission
system it is simulated in the Simulink by using
programmable voltage source, where it is programmed to it
voltage from 1 p.u voltage to 1.2 p.u voltage results in the
voltage swell at time of 0.3 seconds. The increase in the
voltage can be observed from the power waveforms of the
Source. The statcom is connected to the transmission system
at the 0.5 seconds to decrease the voltage atload to 1.2 p.u
from the 1 p.u by the proper action taken by statcom.
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Fig-11.1.1-Source Voltage

At time t=0 sec, the voltage of the source is at 1 p.u. After
0.2 sec,thevoltageisincreasesfromits 1 p.uto1.02 p.u.it
canbeobserved from the above waveform. The statcomis
made to connect to load at 0.3 seconds.
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Fig -11.1.2-Source Current

At time t=0 sec, the current drawn from source is at normal
value, att=0.2 sec there isincrease in value due to increase in
voltage. After 0.3 sec, the statcom connection to the system
made the system to draw more current than it requires to
reduce the voltage across the load.
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Fig -11.1.3-Source Real Power
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At time t=0 sec, the real power drawn from the source is 15
MW after the connection statcom the real power drawn from
the source is reduced to 16 MW.
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Fig -11.1.4-Source Reactive Power

Attime t=0 sec, the reactive power drawn from the source is
15 MVAR, after connection of statcom at 0.3 sec the reactive
power demand by theload isreduced by 1 MVAR.
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Fig -11.2.1-Statcom Voltage

Attime t=0 sec, the statcom voltage is at value of 1 p.u When
timereaches 0.2 sec, thereisincreasein the voltageto 1.02
p.u with the increase of the voltage. At time t=0.3 sec, the
statcom is made to connect and the voltage across the load is
made to bring to the 1 p.u.
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Fig -11.2.2-Statcom Current

At time t=0 sec, the power supplied by statcom is made to
zero, when there is reduction voltage atload at t=0.3 sec the
statcom makes the appropriate control action to absorb the
required amount of power from the load.
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Fig -11.2.3-Statcom Real Power
At time t=0 sec, the statcom in closed position. After t=0.3 sec,
the statcom is made to connect to the load to absorb the
required amount of real power not demanded by the load to
maintain it value normal to 1 p.u. it is made by reducing the
voltage across the capacitorvoltage.
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Fig -11.2.4-Statcom Reactive Power

At time t=0 sec, the statcom in closed position. After t=0.3
sec, the statcom is made to connect to the load to absorb the
required amount of reactive power not demanded by the load
to maintain it value normal to 1 p.u. it is made by reducing
the voltage across the capacitor voltage.
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Fig-11.3.1-Load Voltage

Initially the voltage across the load is maintained at 1 p.u
value, after 0.2 sec due to reduction in source voltage there is
reduction in voltage value from 1 p.uto 1.02 p.u. At t=0.3 sec
statcom is connected to bring back the voltage to 0.3 sec. The
statcom reduces the voltage across the dc capacitor to
absorb the power from the source caused due to increase in
the source voltage.
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Fig-11.3.2-Load Current

At time t=0 sec, as the voltage across the load is made 1 p.u
the load draws the required amount of current. As there is
increase in voltage at 0.2 sec, there is increase in value of
current. At 0.3 sec, the statcom is made to connect to load
makes the load to draw the required amount of current.
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Fig -11.3.3-Load Real Power
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Itis observed from the wave form that at t=0 sec, the
load is drawing its required power. After 0.2 sec there is
increase in power due to increment in voltage, the statcom
connected at 0.3 sec makes the load to draw the desired real
power.
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Fig -11.3.3-Load Reactive Power

It is observed from the wave form that at t=0 sec, the load is
drawing its required power. After 0.2 sec there is increase in
power due to increase in voltage, the statcom connected at
0.3 secmakestheload todraw the desired reactive power.

From the waveforms of the Figure 11 it is observed that
the statcom is able to compensate both active and reactive
power inductive nature by absorbing both active and reactive
power from the supply to maintain the constant voltage
across theload.

5. CONCLUSION

In the proposed control strategy the D-Q axis control is
used to generate the gate pulses for the Diode clamped
multilevel inverter. The statcom is tested for the different
test conditions such as increase in the voltage ie.., voltage
swell which is from 1 p.u to 1.02 p.u and decrease in the
voltage ie.., voltage sag which is from 1 p.u to 0.98 p.u. The
results of MATLAB/SIMULINK waveforms shows the
STATCOM with the integration of multilevel topology is able to
takeappropriateactiontobringthevoltagetothenormal and
to supply both real and reactive power with the less
harmonic content in the output waveforms.
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