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PREDICTING THE TRANSIENT STABILITY OF CEPS
USING AES METHOD
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ABSTRACT: Analysis of the stability of power systems following a
transient disturbance involves the study of a large set aof
nenlinear differential equations. A new approach to the
quantitative study of the transient stability of complex electric
power systems(CEPS) is presented, using approximate evaluation of
stability method (AES?.

The analytical steps for this method are detailed in this
study. Also a constraint,which depends on the relative speed of
angle variations, in applying this method for predicting the sta-
bility of CEPS is explained.

The present work aimed to study the effect of many factors on
the transient stability of a power system. These factors are fault
clearing time (tc). damping factor (Fd) and transmitted power (FP).

A suggested flow chart of this method and results of its appl-
ication to a 3 — machine system are given

INTRODUCTION:

The problems of power system stability conservation are
considered very important. The control of the transient conditions
seems very suitable for stability investigation. The optimal cont-
rol problem has been investigated. Hawever, this technique is not
able to avercome all the aspects of the problem.This is due to the
cascaded growth of disturbance in the power systems.

Therefore, the stability characteristics of the electrical
power system (EPS) during transient disturbances are analyzed from
stability nature of its mathematical model. A set of differential
equatians describing EPS is given. These equations are non—linear
with constant cofficients under the assumptions of constant emf
behind transient reactance and caonstant input to the machines.
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The stability of linear differential equations can be
established from the roots of its characteristic equation C([113.
Thus, the stability obtained implies the stability of the system
in the entire state space. On the other hand, in a nonlinear sys-—
tem, such an inference is invalid [2] because its stability depe-
nds upon the initial conditions as well as the system parameters.
Therefore, a set of initial conditions defining the region of sta-
bility has to be found .

This paper deals with the methads, allowing forecasting the
mutual stability of EPS at large disturbance. This disturbance
occurs in the first stage of transient processes because of the
variatiaons in the parameters of EPS aperation conditions [3].

NDMENCLATURE
ACE), aoftl and ai(t) - functions of regime parameters j;
& —-Generator angle j;
PT — Power of turbine ;
Po — Electrical power ;
TJ = Inertia constant of generating unitj;
S — Stable value of angle j;

— Unstable value of angle ;

~ Transmitted power;

&
E — Generator bus voltage magnitude;
Fl
Y — Complex admittance.

PROBLEM FORMULATION

The thearitical study of ability to use nonlinear relations
A(E) and a’(t), in case of fulfillment of defining conditions of

AES method, is demanstrated in ref [4]. Moreover, this referance
presents the basic analysis of the mutual stability of electrical
machines in CEPS, but the results of stability study on these sys-
tems have not been listed. However, the capability to use these
nanlinear relations, which are considered important parameters for
this regime, for analyzing the stability of simple power system is

A logical extension of the regime in ref. [4]1, using AES
method for studying mutual stability of CEPS of a radial three-ma-
chine system shawn in Fig. 1, is given.It should be noticed, that
in radial three — machine system, where one machine returns power

to the others, all characteristics of CEPS are satisfied [5].
These characteristics are restricted by the mutual effect of power
transmissions , e.g., the disturbance of stability in one transmi-
ssiaon leading to asynchronous regime for others, existence of sta-
bility limit in one power transmission depends on the power which
is transmitted by other and similarly.
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Fig.1. System under study

THE PROBLEM SOLUTION

equations C([&1:

Ty®™ @ #Pg» 6= P ~ Bt

Set Pdi= 0

L < S ; .
1 T ) SL
Ju
where
it = 1,2,3, — Number of machines ;
& = d?5 7 d&*
1 ]
P = ~=-— (P + ¥ P sin (§ - a ) ]
QoL i X 1] Lo 1]
o j=1
jt -

also the loads are represented by constant resistances.
relations:

d==6& 3 & =& — & and oo, = o (where 1 = 1, 2 & 3
ij i ij i b %] b8

S = P - P i
iz T
=] =P - P
i3 Ti

12 @12

-

3 ei3

1z

' | 22, 17+jo0 . 24

Eelectromechanical tramsient process in CEPS which consists
of three - machine, is described by the following differential

(L)

Assume the e.m.f. and the torque of turbine are constant,

Let the

j=1,2 & 3 and i # j) in equations (1) & (2} Then :

{3}

(o}
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where
PT1 PTZ P Prs
P = - - ==IZ L ;-
T12 T i T“,z T13 T 7% TJz
P =P =-P
@12 [=3 ) =z
= —l——EP +P sin{sd —-a )+P sin(s -a )]
T 14 12 1z 12 13 13 13
1
- _;—"tpzz+Paz sin(—élz—c&2)+pz’ Sintézs_azsj]; 3
J2
] = P —-P
<19 @l -3
- (P + P sin( & - a )+ P sin{(é& — o _ )
11 iz 12 12 13 13 13
Ji
1 .
. tF-‘ss + F'm:un( 61’ au) +Pz'sin( 6_“ az!):l.(b)
Js
Similarly, equations using 623 3 éza or 6”, 632 can be

formulated. In the following, the suggested method is applied
for study of mutual stability between first and second machi-
nes.In addition the analysis can be extended to study the mutual
action between any twao machines of system under study.

The nonlinear relations due ta performance of variation can
be Tormulated as follows : )

o2 p z dposz
= Vi yr——_222 ; (7)
& le 5 é:g 2k ;
- a‘p 12
a (ty = — (& ¥ ——=222_ , Aty (8)
1 12 2
dé&
12
where
% s
& = Sk

The derivative of function F’mz with respect to angle éﬂ

can be obtained using parametrical differentiation method (7].
Noticing that:

S,,=8,-6 & = & -6 36 =6_-6&

Z3 12 o zz2 13 12z 23 13 iz
and also
_ . . L1 - (9,
'st 61: '512 6:3 ¥ éu '513 ém 63

Substituting from egn.{(9) in eguation (5;,
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The sufficient canstraint for usability AES method for stu-
dying mutual action of rotors of system is available no more at
extremum for the eguatiaon {S)in every interval of the mutual angle

variations possibility Eész= 5 éxmu]& téizn, 612u2].

Set equation{l0lequal to zerov and ¢ = 0 to simplify the ex-
pression. Then, find value of éxz’ at which equation (3) has one

extremum =

—————————— T P_cosl = -7 P = }
cg’éxz =t p g gt 2a°° ézs “za Jz 13 CDS(éxs “43 ]
Ji 2z 1z
P 4 P 2(T . + T z)
- w22 cos 5 - @ V3 /€ S -2 Y 1)
T T
J1 Ji Tz
Assume ézs << éﬂduring transient process. That is in reai

EPS, for example , when operating conditions of machines 2 and 3

L

are in phase coincidence i.e.éZS\O " . Under this condition the

first term of equation (18} is infinitesimal and can be neglected.
Then
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tosd = A cos (& — o ¥ (L3}
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where:
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A= —_2ls8 32 (14)
E Yi €TJ +TJ2?
E1E9y19= PJS,
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Calculated constraint of value A can be considered constant.
If relations (12) & {13) has only one solution through interval
O kyqj ¢k +1131, where k=integer number, the value of mutual
angle éu of function F'mz has anly one extremum in the above

interval. Alse it can be indicated ,that 52 has only one extremum
i

in case of the assumptions mode for deduction of constraint (13)
and first derivative (10) through the ceonsidered intervals.

According to the preceding it can be decided , that the

regquired constraints in the relations of function Pagz are

satisfied , hence , AES method is used to determine the mutual
transient stability in the system under study.

Suggested algoarithm of AES method for stability determination
between stations during transient process is shown in Fig. (2} in
the form of flow - chart.

RESULTS AND DISCUSSION

The transient agperating conditions have been investigated for
several factors affecting the stability of power system. These
factors are, time elapsed befor clearing the fault , damping
cofficient, and the power transmitted by this line. The effect of
each factor is numerically computed while the other factors are
kept canstant. Therefore, the effect of changing the clearing time
from 0.37 to 0.38 sec on the stability of the power systems has
been revealed.

Assume a double line to ground fault occured in the line con-—
necting between buses 3& 4. Working voltage of this part is 220 kv
while transmitted power is 278 Mu.

The curves at ¢t = 0.37 sec., shown in Fig.3, describe the
characteristics of mutual angle émand nonlinear relations Al(t) &
aI(t) correspaonding to the variation of éﬂ. Fig.4 shows curves of
éx*' Alt) & aiitJat t =0.38 sec. From Fig.3 function A(t) has po-—

sitive value during transient process and at t = 0.413 sec. a‘(tl

bas an extremum. Then, mutual stability is conserved. But from
Fig. # , function 4(t) has =zero and negative values and ax(t) has

an infinite value at t = 0.3 sec. Then, mutual stability is dis-
turted.
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Fig.3. Change of mutual angle and functions A(t) and a, (o)
during transient process in the case of tc=0.37 sec.
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The effect of changing the transmitted power from 228 MW to
428 MW through the line connecting between buses 6&3 and alsa
changing the damping factors from 0.3 &to 5.0 on the mutual
stability of the system under study are shown in Fig.5. From
this figure at Pcl = 0.3, note that lpops in second and third quad-

rants represent the stability regions. But the loops in first and
fourth quadrants are considered infinitisimal and indicate traje-
ctory in the second half-phase swinging. Also these loops do not
represent in any form the stability limitations for ginen half-
phase swinging.

From Fig.5 it can be concluded ,that when transmitted power
increases bounded region has tendency to get reduced.

CONCLUSIONS

In this paper, a new approach for the applicability of ARES
method is introduced. The approach can be used to predict the mu-
tual transient stability of CEPS. This occurs in the first half-
phase swinging under certain constraint. The constraint is Ethat,
the relative speed of mutual angle variations must be appreciably
less than the other speed.

For real EPS, in the structure of stability regions, AES me-
thod can be used for determination of mutual stability, during
transient process.

In the existance of important variations of system parameters
{ Pd, P ), an indication of the applicability of AES method can be

shown by the recent study.
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