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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 ebr(8MC)

technique. The control objective is to enhanceilittaland improve
the dynamic response of the multi-machine powetesysin order to
test effectiveness of the proposed scheme, sironlatill 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 parametemrtaidies. For
comparison, simulation of a conventional controlSP8ead-lag
compensation type) will be carried out. The mairprapch is
focusing on the control performance which latervproto have the
degree of shorter reaching time and lower spike.

Keywords—Power system stabilizer (PSS), multi-machine powe
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In recent years, considerable efforts have beerert@énh-

ance the dynamic stability of power systems. Modettage
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. tdeo to
reduce this undesirable effect and improve theegystynamic
performance, it is useful to introduce supplemsntagnal to
increase the damping. One of the cost effectivetiswl 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 oswta. This
is device known as a PSS [1-6].
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design to improve overall system performance. Amthese,
conventional PSS of lead-lag compensation type Hzeen
adapted by most utility companies because of thenple
structure, flexibility and ease of implementatidrhe power
system is a highly complex system and the systemat&ms
are nonlinear and the parameters can vary due ise ramd
load fluctuation. However, the performance of corignal
stabilizer can be considerably degraded with thengk in the
operation condition. In addition if some changesunin AVR
parameters, there will be great changes in systmditions.
Jherefore the conventional stabilizer won't haygwad perfor-
mance in action [7-9].

Now there are many studies on PSS in power systeats
contain PSS optimal placement, PSS coordination Lesiily
more effective methods in PSS designing [10]. leens
context using of optimal control theory [11], adaptcontroll-
ers [12] and some techniques such as artificiatalewetworks
[13] and genetic algorithm [14, 15] are performAdhonlinear
adaptive back-stepping controller design basedhenfaurth
order power system model including the unknown petars
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 singlechine
infinite-bus power system and compared with theesagith a
conventional PSS and without a PSS.

Sliding mode control is one of the main methods leyegx
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 distwcba
Sliding mode control technique has been used taraon
robots, motors, mechanical systems, etc and atiseirgesired
behavior of closed loop system [18]. Sliding modatwmllers
rely on high speed switching to achieve the desatput
tracking. This high speed switching phenomenon aied
chattering. The high frequency components of thattehing
are undesirable because they may excite un-modsailg
frequency plant dynamics which could cause systestabiliti-
es. This chattering can be eliminated by choosithgundary
layer in sliding surface.

This paper is organized as follows. Section 2 prssthe
dynamic model of a synchronous generator. SectipreSents
a brief review on sliding mode control technique skection 4
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the mathematical model of the synchronous generaor jth generator (pu), T'doj is the d-axis transiehors circuit

transformed into a form that facilitates the desigmonlinear
control schemes. Then the sliding mode controfigaroposed.
Section 5 present the conventional control PSSi{lag com-
pensation type) and conclusions are drawn in sed@ioThe
controller is validated using non-linear model diation .

II. DYNAMIC MODEL
A multi-machine power system consisting of foundyro-

time constant of the jth generator (sec), kCj & giain of the
excitation amplifier of the jth generator, uFj($ the control
input of the excitation amplifier with gain kCj, iis the d-axis
reactance of the jth generator (pu), x'dj is thexi$- transient
reactance of the jth generator (pu), Xdj is thaltdirect react-
ance of the system (pu), X'dj is the total transieactance of
the system (pu), and VS is the infinite bus voltége). The
states of the system for jth generator choic®bes:

nous generators with loads is shown in Fig.1 . Shigemis a % (t) =9;(t)

two area power system, the two areas are iderdiodl each
include two generators equipped with fast actingitexion
systems.

AREA 1 AREA 2
10
1 6 2 [ 3
c1 _l §L l’ G3
2 Load Load 4
G2 G4

Fig. 1 Single diagram of a 4-Machines 10-Bus System

The detailed nonlinear model of a synchronous geoeis
a sixth order model. However this model is usuedigjuced to
a generalized one-axis nonlinear third order modéie
equations describing a third order model of a syobus
generator (for jth generator) can be written as:

3 (1) =w; (t) -,

. _ KDj woi
o; (1) ="oh. (o, (t)_woj)-i-I(ij =P, ®) 1)
] ]
Ey ()= (E, (0, )
doj
Where:
Xa oo o1 X =%
Ey(t) = X—: Ey(t) - ‘xé -V cos, (t))
Eg (1) = kyug (1) (2
VSqu )

Ry(t) = x—dsin(é i ()
andgj(t) is the rotor angle of the jth generator (ramig wj(t)
is the speed of the rotor of the jth generatoriémdec) woj is
the synchronous machine speed of the

jth generator

X9 t)= W - Wy, 3)
X3j ®= E(’qj ®
Hence the system state vector for each generalidvevi
X 5(0) =[x (1) %, (1) %5 (] (4)
Also the control input uj(t) is taken to be:
u;(t) = l(—fjufj ®) ©)

doj

Whit a view to clear presentment of nonlinear eiqumest of
the system, define the following constants for egeherator:

__Ky
Y

j
w.
_ oj
Oy == —Vs
ZHJ-de

_ Wi (X = X4) 2

3j 7 Vs
4H Xy Xy ©
_ @
a, = o ij
]
1 X
°! Tc;oj Xéj
_ Xy T Xy
6) =< Vs
: Tdojxdj

Therefore, using (6) through (1) and (2), the eiguat
describing the jth generator can be written as:

X () = %o (1)
Xp; (1) = 01y Xy, (1) + 0y X ()sinGxy (1))
+0; sin@x; (1)) + oy
X5 (1) = gy Xy (t) +ag; cosly; (1)) +u; ()
Also desired values of the system states for eaciergtor

implemented with x1dj, x2dj and x3dj.Therefore thesired
system state vector will be:

X oy = [Xg; Xoq; X3dj]T (8)
The control input which enables the system tiea® the

(7

(radian/sec), KDjs the damping constant of the jth generato&esired states is denoted by udj. In addition tgations of

(pu), Hj is the inertia constant of the jth generdsec), Pmj is
the mechanical input power of the jth generaton),(Pej(t) is
the active electrical power delivered by the jtimgmtor (pu),
Eqj(t) is the EMF of the g-axis of the jth genergfau), E'qj(t)
is the transient EMF in the g-axis of the jth geter (pu),
EFj(t) is the equivalent EMF in the excitation wing of the
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the rotor angle of each generator from its desiade take as
output of each system. Hence:

Y (1) =% (1) = Xy )

Therefore using (7), the values Spa X 2d and *sito be
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derived as follows :

0y Olg; ) ay, )
[—Tsjw(sj ]sm(ledj) —Tudj sm(xldj)

5j

+a, =0
4 (10)
Xy =0

__Ys; 1
Xagp = ~——C0S{Kq) ———Uy
a5j st

[Il. DESIGNCONTROLLER

The objective of this section is to design a cdirdased
on sliding mode theory for synchronous generatorthst
regulate the states of the system to their desieddes and
maintain the stability of the system in operationinp and
uncertainty and also increase the rate of osaltatiamping.
The equations (7) and (9) those describing the lepmous
generator are highly nonlinear. Therefore, in fistép, to
facilitation design of nonlinear controller for éagenerator, a
change of variable zj(t)=Tj(x) is considered, stiut:

z,;(t) = % (t) = %y

2,5 (t) = %, (1)

Zy; () = ay; %y, () + 05 %5 (t)sin(x,; (1))
+0y; sin@xy; (1) +ay,

(11)

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

X; (1) =z (1) + Xy
X, (t) = Z,;(t)

12
X3 () =1/(ay; Sin(zy; () + %)) (25 (1) — ;25 (1) (12)
=0y SiN(2(z,; (1) + X)) —0y;)
The conditionsin(x;; (t)) # 0 means that:
%, (t) =9;(t) #nmt n= 0£1+2, ., .(13)

whereas, the operating region of rotor angle @lﬁ) hence
this condition is always satisfied in operationioeg However

if rotor angle is not iI’(O'T[), then synchronism will be lost.
Using (7) through (11), the equations of the syaobus
generator can be written as function of the neviatée such
that:
2,;(1) = 2, (1)
2, (t) = z;; (1)
131' ®= fj (2) +Gj (Z)uj
y;(t) = z;(t)

Where :

(14)
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(ay; +05;)Z; =402,

f(2) =
(2 +(%0(le61 _astSJjSin(z(Z” * %)

+ 2005, 2,; COSQ(Z; + X)) (13
L — 0y 7,
+2z,. cot(z,, + Xy
2i COU(2,; de])(_agj sin((z; + X:Ldj))_aM}
— 0,0y
and
G;(2) =a,;sin(z; + %) (18)

In the original coordinate, the functior%(z) = () and

G;(2) =Gy(x) are:

00 =0y [alj Xy '+azj Xg; SIN(x;; )]
+00,; SIN@X;; ) +0y,
+00,; (05 Xg; +0g; COSKy;))SIN(X;; ) a7)
+ 00y Xp; Xg; COS(Ky; ) + 201 5 X,; COSRX ;)
and
Gy; (X) =, sin(x;) (18)

The model of the synchronous generator given by @il
be used for designing the sliding mode controlléren the
designed controller will be transformed into theigimal

, the inverse of the transmission given in (11yoordinate using xj=T-1(zj) that given in (12).

The second step of the sliding mode control depigcess
is the design of the sliding surface. The slidingface for
each generator is as follows:

Sj :yj+p1jyj+p2jyj =Zy Py % TPy (19)
Where coefficients™i and P2 are positive scalars and are
chosen to obtain the desired transient responfeeafutput of
the system. The switching surface can be writtea asiction
of x1j(t), x2j(t) and x3j(t) such that:

S; =0y Xy + 00, Xy SIN(X;;) + 05 SINERX; ) + 0y,
Py %o + P2 (%) — Xig)
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 pweed sliding

mode controller process is to design the controtfion that
provides the motion on the sliding surface, sueit:th

(20)

-1
u; (t) :G-—(Z)( fi (D +0y 2 +Py 2
]

+1,;SigN(Z;; +Py; 25 +P2 %))

(21)

Thatnj is a positive scalar and determined by desigrer.
examination the sliding mode existence condition,

1SN1:0000000091950263
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differentiating equation (19) with respect to thed, it follows 1 Oy Xy, + 0y Xy, SIN(X, )
that: u; =——{(~(ay; +py;) .
. T ay, sin(x,;) U o sin@x) +ay,
S =V +p, V. +p,. V. B .
g Yi TPy Y P2 Y; (22) . 0, (05 Xg; +0g; COSE;))SINK,,;) e
= 12 +G;(Qu; +py 2 +p; 2 — 01 5 Xy Xy COS(y; ) = 2005 X, COS@X;;)
Using (21) through (22), it follows that: S,
Using (21) through (22) # (P, = S3E1)
S, = f,(D+pyz; Py 2 !
+(= (D =Py Z; —P2 2 —N;SIINZ; +P55 25 +P2Z;)) (23) where gj>0 form boundary layer in the vicinity of sliding
— ; surface.
=-n si +0, 2, +D, Z:
i 92?) Py *P2i ) Using the standard second order homogeneous equatio
=—N;sIgns; 2 2 _
s +1dws+aw, =0 in ITAE criterion, the coefficientpl and
Hence: pl in (19) are chosen to obtain the desired trahs&sponse
%Sj =-S 1, sign(s,) :—ﬂ,-|5j|<0 (24) of the output dynamics.
Therefore the dynamics of Sj in (24) guarantees tha IV. SMULATION RESULTS .
SS <0 The proposed sliding mode control scheme given2¥) (
i

. Since Sj driven to zero in a finite time, theput and (26), is applied to the multi-machine powelteaysgiven
y(t)=z1(t) is governed after such finite amounttiofe by the in Figure 1. The controlled system is simulatedngsi
second order differential equatiof(t) TRPY() +py(t)=0  MATLAB. The performance of proposed control scheme
! I quat (SMCPSS) will be compared to the performance odravent-
ional controller (AVR+PSS) and with the systemheiit PSS
(NOPSS) . Two different cases are considered foulsition

! 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 as«d. 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 symmetfédt of 5

Thus the output yj(t)=z1j(t) will converge to zeas t- o
because plj and p2j are positive scalars. Since z1j(t)

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
Y L +py) Olyj Xpj + 05y X SIN(x; ) mode controller, AVR+PSS controller and without any

"oay, singx;) U dag, sin@xy) +ay, controller are used . It can be seen that the respmf
1 a1, (ag X, +0,, COSfy ))SinG, ) SMCPSS converges to constant value earlier than #RG5
+'—( A R B I I (25) controller. The responses of the voltage magnitatiehe
0 SIN(X;; ) (=0 Xp X5 COS(Ky;) =201 5 X, COSEX; ) faulted bus when the sliding mode controller, AVFSEP
1 ) controller and without any controller are used,pezsively.

+m(_921 X, ~N;Sign(S;)) Again it can be seen from this figures that thet besponse are
2 : obtained when the SMCPSS is used. Also, it candieed
where: that without any controller the voltage at the fadl bus is

unstable. Under the AVR+PSS controller the systespanse
(26) is stable. Additionally the response time and thilisg time
05 Xo; + P25 (%) — Xyg) are too large, which is obviously a poor perforneaint the

] overall system. When the four generator units wemvided
Therefore, the proposed controller given by (23 &6) \ith sliding mode power system stabilizers, theeetffon the

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

Sj =0y X+, Xg; SIN(X;;) + 0 SINEX;) +ay,

International Scholarly and Scientific Research & Innovation 6(2) 2012 177 1SN1:0000000091950263
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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

[15] R. Pradhan, S. Panda, “Application of Genetic Athon based PSS for
two-area AGC system in deregulated scenatl®EE/NABIG pp.1207-
1212,Coimbatore Dec. 2009.

[16] S.S. Lee, S.Y. Li, J.K. Park, “Nonlinear adaptiveck-stepping

that the proposed controller is robust to parameter controller design for power system stabilizer inltvuachine power

uncertainties and to the disturbance. In addititwe, sliding
mode controller gave better results than the cainwesl
AVR+PSS controller.

V.CONCLUSION

system$ IEEE/AACC, pp.2504-2509Vashington USAJune 2008.

[17] Z. Jiang, “Design of a nonlinear power system ditadyi using
synergetic control theory'Elec. Pow. Sys. Res/0l.79, No.6, pp/855-
862, June 2009.

[18] K.D. Young, V.I. Utkin, U. Ozguner, “A control eitger's guide to
sliding mode control”|EEE Trans on Con. Sys. Tec., Vol.7, No.3,
pp.328-342, Aug. 2002.

Whereas power system is a highly complex systemtlamd [19] Y. Lee, Y.B. Shtessel, “Comparison of a feedbauédrization control-

system equations are nonlinear and the parameters/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 haweod g
performance, when occur changes in system operati

conditions. According to non-linear simulation résuof a
multi-machine power system, it is found that thepwsed
controller work well and are robust to change irapzeters of
the system and to disturbance acting on the systainalso
indicate that the sliding mode controller achiexesetter
performance than the conventional PSS.
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