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1. INTRODUCTION

Power system has entered a new stage of a largegnsywith EHV (extra high voltage) long
distance transmission and inter-regional networkifige development of socioeconomic makes the modern
transmission grid management and operation charbedjemand of its security, stability, high effiecy,
and flexible operational control is increasing, developing new means of regulation to enhance its
controllable is emergence. Thyristor controllediesercapacitor (TCSC) is a kind of new power system
equipment developed from the conventional fixedesecapacitor. Its effective fundamental equivalent
reactance can be controlled continuously by cdivigplthe thyristor in a relatively large range, heit
capacitive or inductive. As a novel method for &ieal network control, TCSC can be utilized in {hewer
system transient stability enhancement, power systcillation damping, the SSR mitigation and |dagy
control [1].

Flexible AC Transmission System (FACTS) controllese thyristor switching devices to provide
greater control, speed and flexibility of ac tramsion systems. The Thyristor Controlled Series
Compensator (TCSC) is a second generation FACTSrailem capable of providing fast variable
compensation. This paper focuses on the varialféetefe fundamental equivalent reactance capabilfty
TCSC for enhancing the transient stability.

There exists a class of control schemes for trahstability enhancement using TCSC [4-8]. In this
paper, For obtaining the varying effective fundatakaquivalent reactance, two different controlleasnely
a speed deviation based Self-tuning Fuzzy PID @datr and a nonlinear controller are taken for
comparative studies. Self-tuning Fuzzy PID Conémois a speed deviation based controller and cavige
a drastic improvement in transient stability. Teeand controller is a nonlinear controller basedemuback
linearization technique. In addition to the transistability enhancement, Self-tuning Fuzzy PID tCalfer
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provides power oscillation damping also. The effextess of the controllers are demonstrated withlsi
machine infinite bus system using MATLAB/SIMULINK&ware package.

2. MODEL OF ONE MACHINE-INFINITY BUSSYSTEM WITH TCSC

Consider the one machine-infinity bus system asveha figure 1, TCSC installed in the middle of
the transmission line. Source is connected to tahmioltage and is in series with the transfornigris
transformer has transient reactance and is insseiiih two line reactance between Thristor contabkeries
capacitor is arranged.
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Figure 1. Diagram of one machine - infinity busteys
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Assume that transient voltage of generator andrtbehanical power are constant. The one machine
- infinity bus system with TCSC can be describedgisonlinear state equation as follows.

§ = () — w,)
w(t) = %’(Pm - wi (w(®) —w,) — E; ::—S sin §) )

where, A,o,P, H, D are power angle, rotor speed, mechanical povegational inertia coefficient, and
damping factor of the generator.

X=X gt X+ X1+ X 2-Xc=Xy=X 3. X¢ (2)

Xc>0 output is capacity reactance
Xc<0 output is inductive reactance

3. THE SELF-TUNING CONTROL PRINCIPLE OF FUZZY PID PARAMETER FOR TCSC

PID control requirements model structure very meciand in practical applications, to different
extent, most of industrial processes exist to t@inear, the variability of parameters and theartainty of
model, thus using conventional PID control can aohieve the precise control of the plant. But the
dependence on the mathematical model of the fupmral is weak, so it isn't necessary to estahiish
precise mathematical model of the process, andutey control has a good robustness and adaptabilit
According to their own characteristics, we comheniaizzy control with PID control.

Fuzzy PID parameters Self-tuning Control takesreted as the input of Fuzzy PID controller,
meets the request of the different moments of 6ePID parameters self-tuning. Using fuzzy contrides
on-line, PID parameters "kp", "ki", "kd" are amedd&Vhich constitute a self-tuning fuzzy PID conieo|
the principle of which control program as showrkigure (2)

Initial
Parameters Set

RE?“@ ‘-} PID Conmaller I ‘I’Conuolobjenl Ts)

T

Figure 2. Self-tuning fuzzy PID controller
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Kpot A Kp= Kp
Kiot A K=K,
Kpot A Kp= Kp )

Designed a parameter self-tuning PID-controllereldasn fuzzy control, which can adjust PID-
parameters according to error. Fuzzy PID param&elfstuning Control takes Speed deviation.
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Figure 3. Block diagram of TCSC based on the saifrig fuzzy PID control law
4. TCSC NONLINEAR CONTROLLER DESIGN USING THE PRECISE LINEARIZATION
For the system’s nonlinear equation of state {1 chooses the control variable
u=1/Xs (4)
Then, (equation) can be expressed as the fornfinéafonlinear system as follows:

w—w
° 0

AP O

H

It can be noted as follows:
X~ (X)+g(X). u (6)
Choose the coordinate transformation:

Zi;=6—-68,=A6
Zy=w—w, =Aw (7)

vis a new introduced variable of control input, whis designed later. The relationshipucindv is:

V=, (X)+g, X).u
u= (L,(X)+v)/ g, (X) (8)

Equation (7) is equal to the form of matrix:
Z=AZ+Bv

where,

SHE S
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According to linear quadratic optimal control the¢4], the optimal control law of the linear system
(10) is:

V'=-K'Z=-K, As-K, Ao 9)

and K=R'B'P" thereR is control weight coefficient, choode = 1; P* is the solution of Riccati matrix
equation:

ATP+PA-PBEP+Q=0 (10)
where,Q is state weight coefficient, choose

o=l 3

Take the matrixd, B, Qinto Riccati matrix equation, solve it and P is getbelow:

P= [1'7132 1.7132]

So V=-K'Z=-K;" As-K, A ® (11)
and according to

u =1/%:= 1/(X5 - Xc ) (12)
the TCSC nonlinear control law is given as follows:

X. =X, — E(’IVS sin §
c— “le b4 —DAw+H( k] AS+K5 Aw)
m

wWo

(13)

5. SIMULATIONSAND ANALYSISOF THE SYSTEM

The one machine-infinity bus system shown in figlris studied through the computer simulation
using the software MATLAB/ Simulink. The relatedrameters and initial state of the system are gan
below:

X, = 13,w, = 18000(° /s),H = 6.0,D = 10
Viz1l.0,E, =15P, =1

X,, = 0.2
8 = arc sin[2X20] = 47.17°
Ebvs

TCSC is described as first-order delay componenéabke impedance:
X= (Xc+u)/Te (14)
where, it chooses 3 control laws respectively tmgare the simulation:
a. Capacity,fixed series capacitor (FSC)
b. TCSC based on PID control law
AXc=A &(KP)+ (KI)/S+ (KD)S (15)
The parameters of controller are given:
Kp=25; K=15; Kp=1

b. Nonlinear control TCSC based on precise lineéiom method, Power angel and rotor speed areestudi
using digital simulation under all kinds of distartzes:
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Figure 4. Power angle response while short time 0.1 s

Rolor speed rosponss while short tima 016
T T T

] 1 El 3 q [
Tima(sec)

Figure5. Rotor speed response while short time 0.1 s
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Figure6. power angle response while short time 0.138s
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Figure7. Rotor speed response while short time 0.138s
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Figure 8. Power angle response while power disturbarize -5
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Figure 9 Rotor speed response while power disturbance -5%
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Figure10. Power angle response while power disturbange 10
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Figurell. Rotor speed response while power disturbance 10%

[i] Atthe initial timet =0 sec, three phase short circuit occurs at theiypfous, at t=.=0.1 sec the failure
is cut off;

[iil At the initial timet =0 sec, three phase short circuit occurs at theifnfbus, t= . = 0.137 sec the
failure is cut off;

[ii] At the initial timet =0 sec, it spears small power disturbaAp=—5%,; t=t;=0.1 sec the disturbance
disappeared;

[iv] At the initial timet =0 sec, it spears small power disturbaAp=10%; t=(=0.137 sec the disturbance
disappeared; it indicates that nonlinear controBTCcan also suppress small disturbance ,large f
disturbances and improve the static stability ofv@r system, compared under the same situatiot
performance is much better than two ott

6. CONCLUSION

Considering improving power system transient siigbéind effectively damping power oscillati
as control objective, in this project in orderobtain the varying effective fundamental equivalergctance
three different controllers selected are a simpked deviation based conventional PID controllenlinear
controller and Selfuning Fuzzy PID Controller. Setuning Fuzzy PID Controllecan not only improve th
static stability of system, but also effectivelyng@a power oscillation and enhance the transientlgsabf
system by the computer simulation when the powstesy suffers small disturbance and short cir
Simulation resultshow that Se-tuning Fuzzy PID Controller provides an improveangient stability an
power oscillation damping compared to other cotdrsl In addition, it also illuminates that Stuning
Fuzzy PID Controller is more effective than othemioller, and possess certain robustness anc
adaptability.
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