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ABSTRACT

Flexible AC Transmission Systems (FACTS) devicesehbeen used since 1970s for the development and
improvement of dynamic performance of the moderwgrosystem. FACTS devices use power electronic oompts to
improve system performance. FACTS controller inelidrixed Capacitor Thyristor Controlled Reactor TER), Static
Synchronous Compensator( STATCOM), Thyristor Cdiddb Series Compensator TCSC), Static Series Sgncius
Compensator (SSSC), Static VAR Compensator (SVQ@jfied Power Flow Controller (UPFC), which are usadhe
transmission and distribution system to improve @owransfer capability and to enhance power sysstmbility.
This study has been applied the performance of ST@W and TCSC in transmission to improve voltagefifgf the
system. The mathematical model of power systemppgdi with a STATCOM and TCSC is systematically dedi
The presented mathematical model shows that STATGOMTCSC effects the voltage profile improvement active
and reactive power of the transmission line .Tlipgr shows the result that show the performantkbeo$ystem for each
of the FACTS devices in improving the power flowtire transmission line. All the simulations hasrbearried out by
using MATLAB/SIMULINK software. The simulation reishows the performance of FACTS controller img@ission

line.

KEYWORDS: Modern Power System, Concepts and Technology, BEeXC Transmission Systems

INTRODUCTION

Present power system is deregulated, under whigkepts produced by separate generation, transmissnal
distribution system to provide cheaper electricEectric power demand is growing day by day. Thus necessary to
rely on utilization of existing generating unit atalload the existing transmission line to thegrthal limits and also to
maintain stability. It is also necessary to opegaerer system with minimum loss in the transmisdina. Flexible AC
Transmission System (FACTS) devices play an impontale in controlling power and enhancing the Usaapacity of
existing lines. FACTS devices use power electrammponent to enhance controllability and increaseigu transfer
capability. Future electric transmission system ba&nmade smart by using FACTS devices. A StaticcBymous
Compensator (STATCOM) is a member of the FACTS Fathiat is connected in shunt with system.

The STATCOM consists of a solid state voltage seuconverter with GTO thyristor and transformer.
The STATCOM can electrically mimic reactor and aafma by injecting a shunt current in quadraturghwihe line

voltage. The reactive power (or current) of the $TOM can be adjusted by controlling the magnitude phase angle
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of the output voltage of shunt converter.

TCSC are used to improve power handling capabidlitd reduce line losses in power systems. An additio
feature of TCSC is its dynamic performance of poesillation damping by varying the power flow iccardance with
power oscillations. This behavior can be used torawe the stability of the system following a diktance. In this paper
mathematical modeling of STATCOM and TCSC is expaai and result shows the performance of the sykiethe each
of the FACTS devices in improving the power flowthe transmission line. By using MATLAB/SIMULINK #avare
simulation is done to demonstrate the performadheosystem for each of the FACTS devices STATCai TCSC in
improving the power profile and there by voltagebiitty of the same. The performance of TCSC and BJOM has also
been discussed along with modeling and simulatfovadous FACTS devices (STATCOM, TCSC) has beenedosing
MATLAB/SIMULINK software. By varying the capacitapcvalue, line impedance is controlled and real agattive

power is measured.
Nomenclature

X,=equivalent reactance b/w machine internal buskamim, X=equivalent reactance b/w bus m and infinite
bus, E’=constant voltage source, 3ransient reactance,zRctive power at bus m @,=voltage angle at bus m,
Qr=reactive power at bus m,¥voltage magnitude at bus m,,\¥voltage magnitude at bus m with STATCOM,
X (0)=TCR reactance as a function of firing angleosfiring angle, Xcsc=fundamental impedance Of TCSC,

X =inductive reactance, gcapacitive reactance , f=frequency
Static Synchronous Compensator STATCOM

A Static Synchronous Compensator (STATCOM) is a bemof the FACTS family that is connected in shunt
with system. The STATCOM consists of a solid statkage source converter with GTO thyristor andi$farmer.

Mathematical Modeling of STATCOM

Mathematical Model: Figure 1a shows the single line diagram of SirMéchine Infinite Bus (SMIB) system.
Without a STATCOM and the corresponding equivat@rduit is shown in Figure 2b. Here X1 is the e@lint Reactance
between the machine internal bus and the bus nmXanid the equivalent reactance between bus m amdififmite bus.

The generator is represented by a constant vadiageee (E’) behind transient Reactance (Xd).
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Figure 1: Single Machine Infinite Bus System
(a) Schematic Diagram (b) Equivalent Circuit
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Figure 2: Single Machine Infinite Bus System with ASTATCOM (a) Schematic Diagram
(b) Equivalent Circuit of System with A STATCOM Represented by a Current Injection Model
(c) Equivalent Circuit of System with A STATCOM Represented by a Load Injection Model

The active power balance at bus m is given by:

Pr =P (1]
EVmo _.

Pr = =32 sin(8 = Omo) [2]
VmoVp .

Py = ~B2 sin(Oimo) 3]

After some mathematical manipulations of Eq. 1- Bgthe voltage angle at bus m of the system withou
STATCOM is given by

—1 EXysind

Omo = tan X, [4]
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The reactive power balance at bus m is given by:

Qr=Qs [3]
_ E'Ving cos(3-0mo) _ Vho

Qp = Eimoc0stme) _ Vi 6]
_ ﬂ _ VmoVp €cosOmo

=% ~ 7 x [7]

After some mathematical manipulations of Eq. 58 voltage magnitude at bus m of the system without
STATCOM is:

E'Xy, cos(8—0m0)+X1Vy cos O
VmO — L mo 1Vb mo [8]
X1+X>

It can observe from the Figure 2b and 3( a-c) thatSTATCOM affect on the active power balance teh the

voltage angle equation at bus m is written by:

Om = O = tan™" (F2222)
m m

E'X, [9]
However, the STATCOM affects on reactive power begagiven by:
Qr = Qs + Qin; o1
Qinj = —Vmlg [11]

After some mathematical manipulations, the voltagagnitude at bus m of the system with a STACOMivsmy

by:
v, = E'XL cos(a—emo);)l(i\)/(: c0s 0mo+X1X2lq [12]
From Eq. 8 and 12, the voltage magnitude at bu$ tfmecsystem with a STATCOM is given by:
Vin = Vino + Cl [13]
= XaXs
X1+X5
Iq = K(Vip = Vino) [14]

THYRISTOR Controlled Series Capacitor (TCSC)

A typical TCSC module consists of a fixed seriepagditor (FC) in parallel with a thyristor contradle@eactor
(TCR). It is connected in series with the transioisdine and is used to control the real power floycontrolling the
electrical length of transmission line along wjhoviding increased SSR stability. There may be onenore TCSC

modules in series in a practical construction.

Impact Factor (JCC): 2.4886 Index Copernicus Value (ICV): 3.0
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Figure 3: THYRISTOR Controlled Reactor
Mathematical Modelling of TCSC
TCSC IMPEDANCE
A TCSC is a parallel combination of TCR and a figa@acitor. The TCR reactance as a function ofdiangle
is given by:
X (@) =X ®
The steady state fundamental impedance of the Ti€§®en by:

Xc-xp, (@

=5 . 2
TCSC Xc—xp, (@ 2

Therefore by Varying the conduction angle of fundatal reactance of the TCSC can be controlled andbe

made either capacitive or inductive.

Putting the value of X«) in equation (2)

Xcx, "/n_20—sin 2a)

X — L n—2a—sin2a 3

rese (C() Xc-xp, (”/n—Za—sin 205) ( )

_ Xcxp "/n—2a-sin24)
Xresc(@) = {(t—2a-sin2a)Xc—X 7}/ (m—2a—sin 2a) @
Xresc(@) = —X¢ + €, {201 — @) + sin 2( — @)} — C, cos? (1 — Q)@ tan{w (r — @)} — tan(r — @) (5)
WhereX, . = j:c'XL
C-Xj,
Xc
Cl = +XL
XZ

CZ = 4 TL'LXi

\/Z

w= [—

XL

XL = Reactance of TCSC inductor =PRI
f = Supply frequency

Description of the System

A basic transmission (11KV) model has been emplagedatlab/Simulink program to study about the FACT

devices in detail. 11KV voltage is supplied frone i voltage source to the system. The transmifigieiis considered to



Amit Kumar, Ramjee Prasad Gupta & Pankaj Rai

be a short transmission line hence capacitandeedfrie is neglected. The resistance of the lirisnd the inductance is
0.06mH. The source impedance is (0.01+0.@@HBnd the load is kept constant at 25MW and 50MVARe. current and

voltage measurement blocks are used to measureottzge and current at source. By the use of Actind Reactive

Power Measurement Block, the real and reactive pawine load is measured.

SIMULATION RESULT

MATLAB simulation of uncompensated transmissiorelin
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Figure 4: Simulation of Uncompensated Line
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Figure 5: Voltage/Current Profile of Uncompensated.ine

Impact Factor (JCC): 2.4886

Index Copernicus Value (ICV): 3.0
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Figure 7: Reactive Power of Uncompensated Transmiss Line
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Figure 8: Simulink of Transmission Line with STATCOM
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Figure 9: Voltage/Current of Transmission Line with STATCOM
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Figure 11: Reactive Power of Transmission Line wittSTATCOM

Impact Factor (JCC): 2.4886 Index Copernicus Value (ICV): 3.0



Modeling, Simulation and Performance Analysis of Fats Controller in Transmission Line

Variation of Power Flow with Change of Capacitance

Table 1
[ S.No | Capacitance | Active Power(Mw) | Reactive Power (Mvar) |
1 20 0.0245 0.0084
2 30 0.0245 0.0084
2 50 0.0246 0.0085
3 100 0.0247 0.0087
4 200 0.0246 0.0086
5 300 0.0243 0.0082
6 400 0.0237 0.0075
7 500 0.023 0.0074

From the above table it is seen that both active ractive power increases with the increase iraciggnce
Value up to 10Q0F. Beyond this value both real and reactive powarts decreasing. So the better compensation is
obtained at a capacitor value of LB0

TCSC Compensated System
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Figure 12: MATLAB/ SIMULINK of Transmission Line wi th TCSC
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Figure 15: Reactive Power of Transmission Line witlfCSC

Variation of Power Flow with Change of Capacitance

Table 2
['S.No.[ Capacitance[ Active Power(Mw) | Reactive Power (Mvar) |
1 20 341 127.7
2 30 341.3 128
3 40 341 127.7
4 50 340.4 127.37
5 100 338.7 125
6 200 330 117
7 300 320 107
8 500 298 85

From the above table it is seen that both activeraactive power increases with the increase imacggmnce value
up to 3@F. Beyond this value both real and reactive povents decreasing. So the better compensation &rwdat at a

capacitor value of 3.
CONCLUSIONS

MATLAB/SIMULINK environment is used for the compdige study using 11kv simple transmission line.
This paper presents comparative study of performamalysis of STATCOM, and TCSC devices in gragHman. Real
and Reactive power flow profile are seen to imprewith all the compensating devices. Results shoat th case of
compensation, reactive power flow improves propodily with value of capacitance (1Q0® here), in case of
STATCOM compensation a capacitor rating B0ield best result. For TCSC compensation witlixad inductance of

Impact Factor (JCC): 2.4886 Index Copernicus Value (ICV): 3.0
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100mH and capacitance value ofuBOgives best result. Both active and reactive powereases with the increase in
capacitance value up to80. Beyond this value both real and reactive powsstsdecreasing. So the better compensation

is obtained at a capacitor value of 30uf.

Comparison of Power Flow among FACTS Controller

200 1CSC
150 4 —m—STATCOM
100
L0
0 +—m—a—i— L l— L L s L .
L0 100 150 200 250 300 350 400 L00 [=lala] 200 100

Figure 16: Variation of Power Flow among Above FACTS Devices with Change in Capacitance (20-1000)
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