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ABSTRACT: Electric Power system is a large scale nonlincar
control onc. Therefore, nonlincar control is desirable for Lhe
stabilizing, and it is thought that to establish an analytical
method for optimal control inputs of AVR (aulomalic voltage
regulator) and GOV (governor) is an importanl subject.

In this paper, as a simple casc, one-machine infinite-bus
clectric power model system with GOV is treated under the
three kinds of control inpults; (i) fuzzy control input, (ii) lincar
control input and (iii) no controt input, Next, the stability for
cach casc is analyzed, and the three-dimensional stability
regions and the control responses arc cvaluated and compared.
Finally, it is concluded that the lincar control input does not
nceessarily give a good region and responsc, and the fuzzy one
is better than others.

1. INTRODUCTION

Nonlincar conlrol®" is desirable for stabilizing clectric power
system®), because the systent is a large scale nonlinear control
one. Recent years, the technology of intelligent system has been
cspecially developed, and the applicalion(®-(19 of nonlincar
conlrol has alrcady begun to clectric power system. TFor
example, the study ol applying luzzy control®)-(9) 10 clecltric
power system has been advanced. Tn particular, the stability
analysis for determining fuzzy control inpuls is an important
subject.

On the other hand, the method, in which the control input is
added to a nonlincar system and the system can be strictly
transformed into a lincar onec, has been applicd to
robotics(!M(12) and cleclric power systems(3). The mcthod(1-0%5)
proposed by the authors is as follows: For the stability analysis
ol nonlinear system, first the original system is rewritten lo a
fuzzy system, and next the fuzzy-type Lyapunov lunction is
constructed for the analysis as shown in Fig. 1. Also, we have
proposed a fuzzy deceniralized control(® for applying the
method to mulli-machine electric power system. In the study,

we tdentify decentralized systems by the identical modei

equation on the basis of onc-machinc infinite-bus electric power
system al cach gencerator bus. Namely, cvery decentralized
system corresponds 1o the nonlincar control system in Fig. |
and the stability is analyzed through the Tuzzy system.

The authors have applicd a {uzzy-type Lyapunov funclioa lo
the stability analysis and the stability region cvaluation of one-
machine infinite-bus clectric power moded system with GOV,
and have reporledt!!N-045) on (he availability. In this paper, (he
modecl system is treatedD.0% under the following three kinds of
control inputs in GOV; (i) fuzzy control inpul, (i1) lincar
control input and (iit) no control inpul, and the three-
dimensional stability regions and the control responscs arc
comparcd and cvalualed. The lincar control inpul docs not
nccessarily give a good region and a good response, and the
fuzzy onc is belter than others. Finally, it is concluded that the
quality of lincar and nonlincar control inputs can be evaluated
by the fuzzy-type Lyapunov function [or the model system from

the standpoint ol stability analysis.

Nonlinear

Controf System | Stability Analysis

= Fuzzy System

Fig.1. Concept of the proposed method.

2. FUZZY SYSTEM OF MODEL SYSTEM.15)

In onc-machine infinite-bus clectric power model systcm
(Fig.2), the GOV system is expressed by the first order
approximation of the turbine, and then the following swing

cquations arc oblained;
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here
:incrlia constant (sec¥/rad),
. damping coefficient (sec/rad),
: rotor phase angle of generalor (rad),
: rotor speed of generator (rad/scc),
« :d-axis transicnt reactance (pu),

€ oo X

=

Pm : mechanical power input (pn),
Pe : clectrical power input (pu),

Tg : GOV time constant (scc),

Kg : GOV gain,

g < control input for GOV (pu),

Xe :linereactance (pu),

Nt transformer reactance (pu),

X1z @ total reactance between generator and infinite-bus (pu),
V= :infinite bus vellage (pu),

here, the sub-symbols "o" and "s" decnote the valuc at the

desired equilibrium point "beforce" and "after" clearing the (ault,
and Pmo = 0.636( pir) and & = 0.828(rac).

Next, for rewriting egs. (1)-(4), we introduce two lincar
subsystems Si(x.) =kocy+Pmo (i = 1,2) for the nonlincar

function Pe(.\'.) of eq. (4).Then the membership function
(weight function) w.-(x.) ,which is nceessary to composc the

fuzzy system, is expressed by;

wix:) = :{Pe(x.) - Sx(x.)}, (6)
\V:(Xl) = t{Sn(Kn) —Pe(x-)}, (7)
the sign + in the decode is for xi = 0, and the sign — for where

xi < 0. Therefore, Pe(x.) is given without trial and crror and

approximation as;

Pex)) = {Zw.(x.)k. / Zuu(x.)}x.»fpmo. (8)

Morcover, we treat a fuzzy conirol input tg as the
supplementary conlrol input for GOV ;

g = —{2 w.(x.)[".—/g w.(x.)},\’, 9

1\’=[XI X1 ‘XI]T, ' (l())

F=[fo fo fo],(i=12). an

Then, we subslitule cgs. (8) and (9) lor cqs. (1)-(4) ,and have
the fuzzy system;

X - { Zw,(x.),\, / Z()}\ an

where the fuzzy system matrix Ai is given as ;

-0 1 0
Aol -k/M -D/M M A
-fofTg -(-Kgfwe+ fu)/Tg -(1+ fi}/Te]
' (13)
Here, we nced
2
w,(x.) =20 and EW,(,\'.) >0, : (14)

and the stabilily analysis is possiblc in the interval of X1
satisfying the above condition. Also, it should be noted that the
interval becomes a restriction for the three-dimensional
stabifity region to be discusscd later.

Moo=
D o=noNn
Xe Ey =hin
Eq'<d — T —
" TN
r Xe
Gov wl =1e
Tt =04
Ki =)o

Fig.2. Model system.
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Fig.3. GOV block diagram.
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3. COMPARISON OF SUPPLEMENTARY CONTROL
INPUTS FOR GOV

For composing a fuzzy-type Lyapunov function for (he fuzzy

system(12), we sclect the second order test function;

v(X(1) = X ()P Xx(r). (13)

From V <0 and the condition(14), we have the Lyapunov

incquality as

ATPEPA = -Qi<0,Q:>0,(i =1,2). (16)

The positive definile matrix P can be cateulated by the P-region
method. If a P exists, eq. (15) gives a fuzzy-type Lyapunov
function, and swing cqs. (1)-(4) are asymptotically stable in the
restriction of X1 explained before,

We treat the fuzzy control input g as given by eq. (9), and
compare three kinds ol control inputs as;

Casc 1) We treat the case (J1 = [2) that the fuzzy control

input (9) is added as a nonlincar control onc;

o = _{2 w0 / 2 w,(x.)},\’ (e FY). (1)

Case 2) Incasc ol [\ = F:(= F), 1g is a lincar control input;

yr = =1°X . (18)
Casc 3) For [y = I": = 0, ug has no control input;
ey =0, (19)

We want lo consider the quality of cach control on the stability
region and Lhc control responsc in the lollowing. First, the
values of the {cedback gain /4, which are obtained by the P-
region mcthod (sce details in Reference (15)), in Casc 1)-3)
are

Casc 1) Fi=[0.135 0.11 2.16]
7 =[0.01 0.75 10}

Casc 2-a) 1 ={0.035 0.18 2.16]

Casc 2-b)  [2=[-0.291 0.2536 1.1644]
Case 3) Ifi=TF:= [0 0 0]

Here, we scleet two examples [ and [4 in case 2). Nex, the

P-region for Case 1)-3) are shown in Fig.4. The PM-region or

the PP-region in Fig. 4 i1s a sct satislying the Lyapunov
incquality AP+ PAV <0 or A" P+ PAL <0, respectively,
Therefore, since the common matrix PP exists, the stability of
cqs; 1)-4) is guaranteed. Under this condition, P ol cq.(16) can

be described as

Mmoo =l
P={p o paf, (20)
=l po ps

withoul fosing generalily, and the fuzzy-type Lyapunov function

is given by

V{x,xsx) =x"Px
= X 2D £ 2600 4 Paxsy’
+2 XX+ /)s,\'.vl

=Ve, (21)

where (he (hreshold value V¢ is a constant determined as the
three-dimensional stability region by eq. (21) dose not exceed
the restriction ol X1 .

As shown in Fig. 4, since the P-region for Casc 1)-3) exists,
P can be composed by sclecling any point in the P-region. For
cexample, each P which can be composed at the point > in the

P-rcgion is;

[s0 2.9 -1
Py =29 18 34, Ve=T713, (22)
| -1 34 352

[2.15 018 -1
Pim=|018 016 1.4
| -1 14 225

R Ve=3.0, (23)

0.9 -0.036 -1
P.y=|-0036 0.094 06],Vc=049, (24)

|-l 0.6 7.11
[14.7 04 -1

P, =04 045 37 |, Ve=50. 25)
-1 3.7 20077

The three-dimensional stability region is shown in Fig. 3.
Clearly, the fuzzy control input is better than others. The lincar
conlrol input Casc 2-a) is beller than Case 3), but Casc 2-b)
scems nol o be better. Each control response is shown in Fig.6.
Also the fuzzy control input Case 1) gives the longest critical
clearing time. It is found that lincar control inputs Casc 2-a)
and 2-b) do not necessarily have a good stability region and a

sood control responsc.
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Fig.5. Three-dimensional stability region.



xy(rad)

x3(rad)

x,{rad)

xi(nd)

0.31(sec)
0.34(sec)
0.3%(scc)
0.40(scc)
0.47(scc)

0.31(sec)
0.34(sec)
0,37(sec)
0.40(scc)
0.47(sec)

(i i) Casec 2-a)

0.31(sec)
0.3d(scc)
0.37(sec)
0.40(sec)
0.47(scc)

(i i1i) Case2-b)

(iv) Case 3)

Fig.6. Control response,

0.31(scc)
0.34(scc)
0.37(sec)
0.40(scc)
0.47(sec)

4. CONCLUSIONS

In this paper, we have rcwrillen the model system (Fig. 2) to
the fuzzy system (12), and have evaluated the three-
dimensional stability regions (Fig. 5) by constructing the fuzzy-
type Lyapunov funclion. In the evalualion, the P-regions, the
stability regions and the contro! responses (Fig. 6) are
compared for the three kinds of control inputs in GOV, and the
result can be summarized as follows;

1) The luzzy control input is belter than others.

2) The lincar conltrol tnput docs not necessarily give a good
stability region and a good conlrol response.

Thus, it is found that the quality of the control inputs can be

cvaluated without approximation by the fuzzy-type Lyapunov

function in the model system Lreated as a nonlinear control

system,

The authors have pointed out (hat the analysis based on one-
machine infinite-bus model system is importantin an
application of the proposed method to (he fuzzy decentralized
conlrol. Thereflore, this paper will beconic an analytical index
[or the problem to sclect thic control input in GOV, As indicated
in the conclusions of the previous paper (17), we would like to
consider other future subjects toveard the application of the

method to real clectric power systems as our final goal.
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