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Abstract: Problem statement: In power systems, there exists a continuous ahgdéleo improve
dynamic performance of power systeftpproach: Static Synchronous Compensator (STATCOM) is
a power electronic based device that has the dityatii controlling the power flow through a line.
This study applies the Static Synchronous Compen$STATCOM) to control the power flow during
dynamic period. To verify the effect of the STATCOdh dynamic performance, the mathematical
model and control strategy of a STATCOM was neddédak presented. The converters of STATCOM
were represented by variable voltage source witv@ate transformer leakage reactance and the
voltage source and the reactance were transforntecturrent injection. The current injection model
of STATCOM was modeled into power flow equation ahds it was used to determine control
strategy. This study applies the fuzzy logic contoodetermine the control strategy of STATCOM.
The swing curves of the three phase faulted poystem without and with a STATCOM was tested
and compared in various casd®esults: The swing curve of the system with STATCOM basexzju
logic control had the less amplitude during theatyit period. Conclusion: STATCOM can improve
the dynamic performance of the system after distocbh.

Key words. Power system, fuzzy logic control, static synchimaompensator, FACTS devices,
current injection, power flow, transient stabilitypltage source

INTRODUCTION (or current) of the STATCOM can be adjusted by
controlling the magnitude and phase angle of thpudu
Power system oscillation is one of the importantvoltage of the shunt converter (Al-Husban, 2009;
aspects in modern power system. Currently, poweMustafa and Magaji, 2009).
engineers are much more concerned about stability This study presents the fuzzy logic control law of
problem due to blackout in Northeast United StatesSSTATCOM. The mathematical model of power system
Scandinavia, England and Italy (Kumkratug, 2010;with a STATCOM is systematically derived. The
Padma and Rajaram, 2011; Osuwa and Igwiro, 201Monlinear control of fuzzy logic control is applied
Kumkratug, 2011a). They have proposed manydetermine the control strategy. The simulation ltesu
methods to improve stability of power system sush aare tested on a sample system.
load shedding, Flexible AC Transmission System

(FACTS), (Al-Husban, 2009; Kumkratug, 2011b; MATERIALSAND METHODS
Magaji and Mustafa, 2009; Mustafa and Magaji, 2009;
Zarate-Minancet al., 2010). Mathematical model: Figure 1a shows the single line

A Static Synchronous Compensator (STATCOM)diagram of Single Machine Infinite Bus (SMIB) syste
is a member of the FACTS family that is connected i without a STATCOM and the corresponding equivalent
shunt with system. The STATCOM consists of a solidcircuit is shown in Fig. 1b.
state voltage source converter with GTO thyristor Here X is the equivalent reactance between the
switches or other high performance of semi-conductomachine internal bus and the bus m ang iX the
and transformer. The STATCOM can electrically equivalent reactance between bus m and the infinige
mimic reactor and capacitor by injecting a shumtent  The generator is represented by a constant vaagee
in quadrature with the line voltage. The reactieavpr  (E’) behind transient reactance X’
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m Infinite bus PR = PS (1)
Here:
P, =EVn sin@-8,,) (2)
Xl
And:
P = L)"(‘Vb sin@,,) 3)

2

After some mathematical manipulations of Eq. 1-3,

®) the voltage angle at bus mis Eq. 4:
Fig. 1: Single machine infinite bus system (a) schic _
diagram (b) equivalent circuit 0. =tan E'X,sind @)
" E'X,
m Infinite bus
Transformer 1 Ll LS . ) .
L . The reactive power balance at bus m is given by:
2 4
p— Qr= Qs (5)
Shust g convert 1(‘
transformer o L] Here
= E'V VA
@ =—"mcosp-06, -1 6
Qq == 0066, ;-3 (6)
VieZ B Vi L0°
X X,
| e | e | And:
.
2
E 5 Iq QS :ﬁ_vm\/b Coﬁm (7)
X2 2

After some mathematical manipulations of Eq. 5-7,

Vo6 V0P the voltage magnitude at bus mis Eq. 8:
V. = E'X,cosp-6, )+ X V,cod ®)
X1 +X 2

It can observe from the Fig. 1b and Fig. 2c that t
© STACOM doesn't affect on the active power balance
and then the voltage angle equation at bus doesn’t
change. However, the STATCOM affects on reactive
power balance given by:

Fig. 2: Single machine infinite bus system with a
STATCOM (a) schematic diagram (b) equivalent
circuit of system with a STATCOM represented

by a current injection model (c) equivalent circuit Qr = QstQinj 9)
of system with a STATCOM represented by a
load injection model Here:

The active power balance at bus mis given by:  Qiyj = -Vilg (20)
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Fig. 3: Machine speed of system after disturbance

After some mathematical manipulations of Eq. 9- o -
10, the voltage magnitude at bus m of the systetim avi a
STACOM is given by Eq. 11: (b)

y - E'X,c086-8,, )+ XV, coB, + VI, a Fig. 4: Membership functions (a) Input (b) Output

m -
X, +X, 1015
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It can be seen from Eq. 4, 8 and 11 that the peteam
of STATCOM doesn't affect on line voltage angle fitut
affects on line voltage magnitude

Fuzzy logic control: The dynamic equation of power
system as shown in Fig. 2a can be expressed loyvint

Muchine speed deviation (pu)

Eqg. 12 and 13:
0.983
< 0 15 2 2.3 3
0=w (12) Time (sec)
(D:ﬁ[Pm -Rl (13)  Fig. 5: Machine speed of sample system
RESULTS

Here,d, w, P, M and R are the rotor angle, speed,

mechanical input power and moment of inertia  The proposed control method is tested on sample
electr|_cal output power, respeqtlvely of machine. system equipped with a STATCOM based fuzzy logic
Figure 3 shows the machine speed of system aftfyniro| strategy. The single line diagram of sample

disturbance by using Eq. 12-13. Figure 4 shows thgystem is shown in Fig. 2a. The system parameters a
input and the output fuzzy membership function dase

on fuzzy logic control, respectively. The machipeed H=5, X, = 0.1 pu, X;=0.3 pu, X1=0.4 pu, X,=0.4 pu

at pre-fault is considered as reference at zengev@a = X15=0.4 pu, X,=0.4 pu, R=1.0 pu, E;=1.23 pu
0). This study uses the rules based on human rigggson

of Mamdani inference engine. Rules are defined as |t js considered that 3 phase fault appears atlin

follows: near bus m for 130 ms and then it is cleared byioge
both circuit breakers. Figure 5 shows the machiee=d

* If wis positive big thenglis positive big of sample system without FACTS devices for

 If wpostive then{is positive generating the fuzzy membership of inpuind output

* If wzerothendis zero Iq as shown in Fig. 6a-b, respectively. Figure 7 show

* If wnegative thenylis negative the swing curve of the system without and with a

» If wnegative big thenylis negative big STATCOM.
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A CONCLUSION
Negative big Negative Positive Positive big This study presented the method of improving
dynamic performance of power system using a
STATCOM. The mathematical model of power system
equipped with a STATCOM was systematically
derived. It was found that a STATCOM affects on the
0o 095 0 : Los line voltage. The stability of th_e power system den
controlled by a STACOM. This study applied fuzzy
@) logic control to determine the control law of
STATCOM. The simulation results are tested on a
A sample system. From the simulation results, itdattis
that a STATCOM based fuzzy logic control can
Negative big ~ Negative Positive Positive big improve the dynamic performance of the system.
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