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Abstract — Frequency response and eigenvalue tech
niques are fundamental tools in the analysis of small
signal stability of multimachine power systems. This
paper describes two highly efficlent algorithms which
are expected to enhance the practical application of
these techniques. Ove algorithm calculates exact ei-
genvalues and eipenvecters for a large power gyatem,
while the other produces the frequency response of the
transfer functiona between any twe variables in the
syatem, This paper also presents alternative comput=
ing precedures for the AEBOFS eigcuvalue estimation
algorithm which arve simpler and at least as efficient
as those demcribed in [1].

I, INIRODUGLLON

Low damped electromechanical oscillations  have
become a comman phenomenon in medern  electric power
syatems, The dawping of these cscillations, which in
some clreumstances may even be megative, is dependent
on the system structure, its eperating conditions, and
the effects of automatic—gontreller  action. An ef-
ficient way Lo combat these problems is through the
installation of additional sigmals te the generator
excitation systems, which teed be properly tunad. This
area of work has recelved continuous attention in e
cent years, leading to the development of metheds and
computer programs to determine the source of  these
problens and obtain solutions by means of comtrol [2].

Among the present Tequirements in  this  field,
there is the need for simple, relisble and efficient
algorithme for the computation of eigenvalues and fre—
quency response of transfer functions for large power
gyatems, This paper describes two efficient algo-
rithms for the calculation of eigenvalues, eigenvectors
and the frequency response of transfer fanetions  be-
tween any two specified varisbles in a multimachine
system. These alporithms exploit the sparse nature of
the power system Jacoblan matrix and therefore produce
fagt solutions at Low computational cost, The  power
system Jacobian matrix formulation caters for various
models of generatora and associated controllers, in=

duction motors, non-linear loads of different charac=
teristics, and static VAR cempensators.

The first successful attempt to calculate thee
dominant eigenvalues of large power systems  has been

the ARS0PS program [1], which has quite complex comput
ing procedures. This paper presents alternative comput
ing procedures for the ABSOFS algorithm which are
aimplei and at least ag efficient as those  described
in. [1].

This paper was sponsored by the IEEE Power Inpineesr=
ing Scclecy for presentation at the IEELR Power Industry
Computer Application Conference, San Eranciseo,
California, May 6-10, 1985, Manuscript was published
in the 1983 PICA Conference Record.

The motations adopted in the paper are defined as
uged.

[1. THE POWER SYSTEM JACOBIAN MATRIX

The power system stability problem can be repra-
sented by a set of differential equations together with
a set of alpebraic equations, to be solved  simultane-
ously with each ether. Equation (1} shows the Jacebian
matrix of the entire set of equations, evaluated at an
operating point (Xa, yalt
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The power system state matrix cap be cbtained by

eliminating the equations for the algebraic  wvariables
in the Jacobian matrix:
6 = (I ~dp Tghdg) ax = A& dx (2)

The symbel A is used te cepraesent
state matrix, whose eigenvalues determine the
point stability of the non-Linear aystem.

the system
slngular

The most reliable method to date for the computa-
tion of the full set of eigenvalues of an asaymetrical
patrix is the QR method developed by Francis [3], which
does not exploit the sparsity of the given matrix. PRe-
search work has been guite intensive on methods  which
praduce full eigensclutions by exploiting the aparse
pature of assymetrical state matricea, These methods
will, unfortunately, not have application in the analy-
sis of low-damped electromechanical oscillations, since
the associated state matrices are themselves not sparse

Consider, to illustrate this nonsparsity, the
case where every generator inm the system is represent-
ed by the state vector &(E‘,Eé,w.ﬁ,vga), where the
state AVgq is associated with'a first order model of an
excitation control system. Reference & discusses this
particular example, and shows that, even as the mumber
of generators in the system approaches infinity, the
ratio of non-zero elements of the state matrix does not
fall below 4B percemt. Research afforts should, there
fare,be divected towards methods of eigenvalue calou=
lation which do not require the explicit formation of

the power system state matrix., The eigenvalue calcu-
lation algorithm, prusented in this paper, la  applied
to the power system Jacobian matrix, which 15 very

sparse.

‘e Jagobian matrix formulation used in this work
ig an improved version of that developed by Vorley [5]
for solwing the powcer  system transient stabilicy
problem via the "simultanecus solution”  approach [6].
It caters for various modsls of synchronous generators
and associated controllers, inductien metors,non-linear
loada of different characteristice and static VAR com—
pensators, Models for HVDC links and associated  con-
trols can also be easily incorporated,
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