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Abstract—This paper present a new method for design of power Various control methods have been proposed for PSS

system stabilizer (PSS) based on sliding mode cbnt8MC)

technique. The control objective is to enhanceilitaland improve
the dynamic response of the multi-machine powetesysin order to
test effectiveness of the proposed scheme, siroalatill be carried
out to analyze the small signal stability charasties of the system
about the steady state operating condition follgwihe change in
reference mechanical torque and also parametemsrtaities. For
comparison, simulation of a conventional controlSP8ead-lag
compensation type) will be carried out. The mairprapch is
focusing on the control performance which laterveroto have the
degree of shorter reaching time and lower spike.

design to improve overall system performance. Amtrage,
conventional PSS of lead-lag compensation type Hzaen
adapted by most utility companies because of theple
structure, flexibility and ease of implementatidrhe power
system is a highly complex system and the systematems
are nonlinear and the parameters can vary due it® ramd
load fluctuation. However, the performance of carianal
stabilizer can be considerably degraded with trengh in the
operation condition. In addition if some changesundin AVR
parameters, there will be great changes in systamditons.

Keywords—Power system stabilizer (PSS), multi-machine powe'll'herefore the conventional stabilizer won't haymad perfor-

system, sliding mode control

|. INTRODUCTION

mance in action [7-9].
Now there are many studies on PSS in power systeats
contain PSS optimal placement, PSS coordination il

O insert images in Word, position the cursor at thEore effective methods in PSS designing [10]. loens

insertion point and either use Insert | PictureoptFile or

copy the image to the Windows clipboard and theit |[Helaste
Special | Picture (with “Float over text” unchecked

In recent years, considerable efforts have beerentménh-
ance the dynamic stability of power systems. Modarttage
regulators and excitation systems with fast resparen be
used to improve the transient stability by incregghe synch-
ronizing torque of a machine. However they may have
negative impact on the damping of rotor swing. fdeo to
reduce this undesirable effect and improve theesystynamic
performance, it is useful to introduce supplementagnal to
increase the damping. One of the cost effectivetisul to this
problem is fitting the generators with a feedbaoktmller to
inject a supplementary signal at the voltage refegenput of
the automatic voltage regulator to damp the odgitl. This
is device known as a PSS [1-6].
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context using of optimal control theory [11], adaptcontroll-
ers [12] and some techniques such as artificiatalexetworks
[13] and genetic algorithm [14, 15] are perform&dhonlinear
adaptive back-stepping controller design basedhenfaurth
order power system model including the unknown ipetars
for multi-machine power systems proposed in [16][17] the
dynamic characteristics of the proposed PSS basagrerge-
tic control theory are studied in a typical singlachine
infinite-bus power system and compared with theesagith a
conventional PSS and without a PSS.

Sliding mode control is one of the main methods leygdl
to overcome the uncertainty of the system. Thidrotier can
be applied very well in presence of both parameteertaint-
ies and unknown nonlinear function such as disnocba
Sliding mode control techniqgue has been used tdraon
robots, motors, mechanical systems, etc and atiseigesired
behavior of closed loop system [18]. Sliding modatmllers
rely on high speed switching to achieve the deswatput
tracking. This high speed switching phenomenon aied
chattering. The high frequency components of thattehing
are undesirable because they may excite un-modeilgi
frequency plant dynamics which could cause systestabiliti-
es. This chattering can be eliminated by choosihguendary
layer in sliding surface.

This paper is organized as follows. Section 2 prissthe
dynamic model of a synchronous generator. SectipreSents
a brief review on sliding mode control technique skction 4
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the mathematical model of the synchronous generator jth generator (pu), T'doj is the d-axis transiehors circuit
transformed into a form that facilitates the desijmonlinear time constant of the jth generator (sec), kCj & gain of the
control schemes. Then the sliding mode controflgaroposed. excitation amplifier of the jth generator, uFj(§ the control
Section 5 present the conventional control PSSi{lag com- input of the excitation amplifier with gain kCj, xid the d-axis
pensation type) and conclusions are drawn in se@ioThe reactance of the jth generator (pu), x'dj is thexid- transient

controller is validated using non-linear model diation . reactance of the jth generator (pu), Xdj is theltdirect react-
ance of the system (pu), X'dj is the total transieactance of
II. DYNAMIC MODEL the system (pu), and VS is the infinite bus voltéoe). The

A multi-machine power system consisting of founalyro- States of the system for jth generator choicebows:
nous generators with loads is shown in Fig.1 . Sgigemis a ;) =9;(t)

two area power system, the two areas are iderdiodl each %, (t) = 0, () — 0 (3)
include two generators equipped with fast actingitaiion -
X3 (t) = EL (t)
systems. 8 ai
Hence the system state vector for each generalidvevi
AREA 1 AREA 2 .
5 W X (8) =[x (1) X (1) X55(1)] “4)
1 6 8 3 Also the control input uj(t) is taken to be:
_ kg
=t Y & U0 == ) (5)
doj
—l - ( Whit a view to clear presentment of nonlinear eigumst of
, Load Load A the system, define the following constants for egeherator:
a. =Ko
Y2H
G2 G4 J
o, =-— (Doj V.
Fig. 1 Single diagram of a 4-Machines 10-Bus System 2 2H X}, S

. . . (X =X
The detailed nonlinear model of a synchronous geaeis a,, :M 52
a sixth order model. However this model is ususdiyuced to AH X Xy

a generalized one-axis nonlinear third order modeie 0, ©)
equations describing a third order model of a syombus  %4j = oH. M
generator (for jth generator) can be written as: !
8,(t) =, () - w, o, =— L Xa
i i oj 5j f f
K w Tdoj de
. _ Dj 0j 1
('oj (t) - 2HJ (wj (t) _woj) + 2HJ (ij - Pej (t)) (1) o - de _de ,
i i 6j T X" S
. 1 doj 7™M dj
Eq (1) =?(EFJ- (t) - Eg(1) Therefore, using (6) through (1) and (2), the eiquat
doj describing the jth generator can be written as:
Where: , % () =%; (1)
E, ®= X_"jj E;j ®- deX,de Vg 0086]- ) X5 ®= ST ®+ LPTRY (t)Sin(X1j ®) %
0 d 0 d 2 +0t4; Sin@Rx; (1) +ay,
E_ (t) = k.u. (t 2 .
& \l;:JEFJ ¢ X5 (t) = gy Xg; (1) + 015 COSE (1)) +u; (1)
P, (t) :S_qi()sin@j (t) Also desired values of the system states for eaciergtor
d implemented with x1dj, x2dj and x3dj.Therefore thesired
anddj(t) is the rotor angle of the jth generator (radipwj(t)  system state vector will be:
is the speed of the rotor of the jth generatori@@dec)woj is o = X Xag; Xde]T (8)

the . synchronou_s machine_ speed of the thh generator: rpe control input which enables the system tieae the
(radian/sec), KDjs the damping constant of the jth generatofeireq states is denoted by udj. In addition tadions of
(pu), Hj is the inertia constant of the jth genergsec), Pmj is

the mechanical input power of the jth generator),(Pej(t) is
the active electrical power delivered by the jtmemtor (pu), () =% ()~ s )
Eqj(t) is the EMF of the g-axis of the jth generafou), E'gj(t) Yi %y X

is the transient EMF in the g-axis of the jth geer (pu), Therefore using (7), the values &f4"*2i and *sito be
EFj(t) is the equivalent EMF in the excitation wingl of the

the rotor angle of each generator from its desiadde take as
output of each system. Hence:
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derived as follows : (ay; +05;)z =005 2,
a0 . o, ) f(2) =
[_Tsjj-'-as]]sm(zxmi)_q_;udi Sm(xidj) J( ) +(%Uuaej _stasjjSin(Z(zu +X1dj)
+04j =0 (10) +20 3L COSQ(Zij + Xy ) (15
X5 =0

Zy; — Ay 7y ]

_cot(z . .
+2,; cot(z; + dej)[_asj Sin(@(z, + %))~ s

..

Xagj = —C(—GJCOS(XMJ-) _aiudj
° ° ~ 0,0y
[Il. DESIGNCONTROLLER and
The objective of this section is to design a cdi@rdoased .

on sliding mode theory for synchronous generatorttsat G;(2) =0, sin(z; +x4)
regulate the states of the system to their desieddes and
maintain the stability of the system in operationinp and In the original coordinate, the functio
uncertainty and also increase the rate of osailadamping.  G;(@) =Gy;(x) ..
The equations (7) and (9) those describing the lspmous
generator are highly nonlinear. Therefore, in fistép, to O Xy + 00y X5, SIN(X;;)
facilitation design of nonlinear controller for éagenerator, a f1; 00 =0y,
change of variable zj(t)=Tj(x) is considered, stiuu:

(16)

rfé(z) =109 and

+005; SINEx;) +ay,

+0,; (05 X5 +0g; COSEKy))SiN(x,; ) (17)
2, (0) =%, () =g + 00 5 Xp; Xg; COS(K;; ) + 2005 X, COSRX, ;)
sz(t) :X2j(t) (11)
2,5 (1) = 0y % (8) + 0 X, ()sinGe; (1) and
+0,; SiN@x,; (1) + o, Gy (¥) =ay; sin(x;;) (18)

The model of the synchronous generator given by Wi#
be used for designing the sliding mode controlléren the
designed controller will be transformed into theigmal
, the inverse of the transmission given in (11yoordinate using xj=T-1(zj) that given in (12).

Using (10) and (11) it is obvious that if(ﬂ converges to
zero as too, then xj(t) converges to xDj as-to. For
sin(x,; (1)) # 0

is: The second step of the sliding mode control depigicess
B is the design of the sliding surface. The slidingface for
% (1) = 2 (1) + % each generator is as follows:

% (t) = 2, (t)
X (1) = (0 sin(zy; (1) + X,4))(Z5 (1) — 0y 25 (1)
=03 Sin((z;;(t) + %)) —ay;) Where coefficients®and P2 are positive scalars and are
chosen to obtain the desired transient respont#eedaiutput of

the system. The switching surface can be writtea ag1ction
of x1j(t), x2j(t) and x3j(t) such that:

(12) Sj = y] TP, Y P Y T2y TPy 2 TP, (19)

The conditionsin(x,; (t)) # 0 means that:

X,;(t)=0,(t) Znm n= 0£1+2,.., .(13)
S, =0y Xy + 0y X5 SN ) + 055 SINERXy;) + 0y,
Py Xy P2 (% — X))
Note that the choice of the switching surface goi@es that
the output of the system converges to zero -as ton the

sliding surface Sj(X)=0. The third step of the pveed sliding
mode controller process is to design the controttion that

whereas, the operating region of rotor angle @lﬁ) hence (20)

this condition is always satisfied in operationiosg However

if rotor angle is not ir‘o’n), then synchronism will be lost.
Using (7) through (11), the equations of the syaobus
generator can be written as function of the neviatde such

that:
a provides the motion on the sliding surface, sueétt:th
2;(t) =2, (1)
-1
7. )=z, (t u@y=———(f(2)+p. 2.. +p.. Z,.
2, (t) =z (1) (14) i(® Gj(Z)( 1 (D 4Py 25 +Py 2y 21)

ZSj(t) = fj(z)+Gj(z)ui
y,0=2,0

Where : Thatn)j is a positive scalar and determined by desigFer.
examination the sliding mode existence condition,

+1;SIgN(Z,; + Py 2,5 +P2 %))
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differentiating equation (19) with respect to theg, it follows 1 Oy Xy +0 X SIN(X;; )
that: Uy =—————{(~(ay; +py) .
. Ty, sin(x;) U +ay sin@xy ) +ay,
S =V tpy ¥ +pyY, (22) . —0,; (a5 Xs; +0g; COSK;;))SiN(x,;) 27)
= f(D+Gj(Du; +py z; +Py 2 =01 5 Xy Xaj COS; ) = 205 X,; COSXy;)
Using (21) through (22), it follows that: S
Using (21) through (22) + (2% =15}
S = (D +py 2 +Py 2 !
+(= 1,(2 =Py Zj —P2 2 —N;SIANZ; +Pyy 2,5 +P4Z;)) (23) where €j>0 form boundary layer in the vicinity of sliding
— ; surface.
=-n.si 40,2 t0, Z:
g .gr(zgj PyZ; *Pai ) Using the standard second order homogeneous enuatio
=N;Si01(S,) §° + 14w, s+ =0
N n in ITAE criterion, the coefficientpl and
Hence: pl in (19) are chosen to obtain the desired trahs&sponse
Ssj =-Sn,sign(s;) = -, ‘Sj ‘ <0 (24) of the output dynamics.
Therefore the dynamics of Sj in (24) guaranteed tha IV.  SIMULATION RESULTS .
813 <0 The proposed sliding mode control scheme given4%) (
i

. Since Sj driven to zero in a finite time, thepuit and (26), is applied to the multi-machine powerteaysgiven
y(t)=z1(t) is governed after such finite amounttiofe by the in Figure 1. The controlled system is simulated ngsi

. . - Y(t) +p,y(t) +p,y(t) =0 MATLAB. The performance of proposed control scheme
second order differential equatlo}ﬁ (SMCPSS) will be compared to the performance obravent-
ional controller (AVR+PSS) and with the systemhwitt PSS

becauseplj and p2j are positive scalars. Since le('[)(NOPSS) . Two different cases are considered foulsition
.converges to zero as-to, Then z2j(t) and z3j(t) will also purposes

converge to zero as-to. Therefore it can be concluded that
the proposed sliding mode controller guarantees theA.Symmetrical fault on transmission line

asymptotic convergence of zj(t) to zero ased. Using (15) The nominal parameters of the synchronous geneeator
the controller function given in (21) can be writtén the used. The system is in steady state. A symmetfizat of 5

Thus the output yj(t)=z1j(t) will converge to zeas t- o

original coordinate as follow: ms as depicted in figure 1 is assumed at t=1 deerdsponses
. of the rotor speed deviation of the generators whersliding
=+ (—(a; +py;) 03y Xg; * 5%, SING, ) mode controller, AVR+PSS controller and without any

"y sin(x,;) PO tag; sin@xg) +ay, controller are used . It can be seen that the resp®f
1 a0, (ag X, +0g, COSE, ))SiNG, ) SMCPSS converges to constant value earlier than #RgS
b | ATHTS e ! i 25) controller. The responses of the voltage magnitadethe
qzjsm(xlj)[_azj Xp; X3 COSKy; ) = 2005 Xy, COSQX:Lj)J faulted bus when the sliding mode controller, AVFS&

1 . controller and without any controller are used,pessively.

m(_pzj Xo; ~N;Sign(S;)) Again it can be seen from this figures that thet besponse are
obtained when the SMCPSS is used. Also, it candieead

where: that without any controller the voltage at the fedl bus is

unstable. Under the AVR+PSS controller the systesponse
(26) is stable. Additionally the response time and thiling time
+Py Xy, +p21.(x1]. —ij) are too large, which is obviously a poor perforneiné the

] overall system. When the four generator units wemvided
Therefore, the proposed controller given by (25) &26)  ith sliding mode power system stabilizers, thesefffon the

when applied to the system that given in (7) andy(@rantees  yamping of the system's oscillation is efficientahe system
the asymptotic convergence of xj(t) to xDj asob. The g properly stabilized.
proposed controller is confronted with the probleoh _ ) )
chattering which is undesirable in practice. Thiattering can ~ B-Change in exciter gain
be eliminated by choose a boundary layer of wigthin This case is used to indicate the robustness gbosex
S (x)=0 . ) . __controller to change in the one of the parametétiseosystem.
(x)
) such that the discontinuous control function giVeRiance the exciter gain KA of the first generatdr(Gis
in (25) is rewritten as: changed from 200 to 100. The responses of the speed
deviation of the generators when the sliding modsetroller,
AVR+PSS controller and without any controller ased. It
can be seen that the response of SMCPSS conveoges t

S; =04 Xy 0y Xg; SIN(X;) + 0 SINERX;) + 0y
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However, the simulation results indicate that theppsed
sliding mode controller work well when applied teetmulti-
machine power system. Moreover, the simulationltesthow
that the proposed controller is robust
uncertainties and to the disturbance. In addititwe, sliding
mode controller gave better results than the caioma
AVR+PSS controller.

V.CONCLUSION

Whereas power system is a highly complex systemtlaad
system equations are nonlinear and the paramesers/ary
due to noise and load fluctuation, it's essentialt tuse a
controller that can maintain the stability of thgstem and
provides good damping enhancement and also haveod g
performance, when occur changes
conditions. According to non-linear simulation résuof a
multi-machine power system, it is found that thepgwsed
controller work well and are robust to change irapaeters of
the system and to disturbance acting on the systanalso
indicate that the sliding mode controller achievedetter
performance than the conventional PSS.
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