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ABSTRACT b

A quasi-optimal excitation control scheme, for
the stabilization of a two machine system, is found
directly as a function of the state and parameters
of the system. A variety of disturbances has been
considered, under normal and underexcited initial
operating conditions. The quasi-optimal, bang-bang
control removes transients in a very short period
of time but leads to poor Tload and generator term-
inal voltages and, in the absence of governor act-

ion, modifies load sharing between the generators.
A proportional control based on the quasi-optimal
scheme maintains system voltages and still removes
transients effectively. A comparison is made bet-
ween local and global control, for a particular
disturbance, indicating that Tocal control may be
more effective.

INTRODUCTION

This paper is an extension of work reported
in previous papers!,2to a two machine system with-
out an infinite bus. The basic mathematical formu-
lation is:

Consider a second order system
X = L(t) + u(t) (1)

where L(t) is an additive disturbance fo the control
u(t) which is constrained 1in magnitude such that
lu(t)] < 1. The constraint on L(t) is that

[L(t)] <1 (2)

The time optimal control for system (1) is obtained
by the relation

u(t) = -sgnj (3)
where } is the switching function given by
_2
- X
L= x - o sgnix}] (4)

on a piecewise constant approximation of L(t). The
procedure can be extended to a third order system.
From the dynamic equations of a power system an
expression of the form (1) or its equivalent can be
obtained,in which L(t) depends on the system states.
The control obtained from a switching strategy (Egs.
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3 5 d 4) is continually modified as the system
states vary, changing L(t).

In this paper, a two machine system feeding a
constant impedance load is considered. This partic-
ular load representation is convenient and, in this
case, adds to the severity of the disturbance.

ANALYSIS

The dynamic equations of the two machine system
given in Appendix I can be written as

o= £(Xs us V)5 m=1,2 (5)

where the state X is a vector of field, direct axis

armature and quadrature axis armature currents, freg-
uency deviation and rotor angular positions of the

individual machines. u_(t) are the output of the

exciters which are constVained in magnitude such that
[u (t)] < 1. v is the voltage of the busbar feeding
th€ Toad.

For stable operation of synchronous generators
in a power system, the relative velocity and acceler-
ation between any two machines must drop to  zero

following a disturbance while the rotor angular
positions should remain constrained between 0 and /2
radians. For a two machine system, the stability
problem can be formulated as an optimal control
problem:

Given the initial states X (o); m =1, 2 and
the following information on th® target states

n](tf) - nz(tf) =0
h1(tf) - ﬁz(tf) 0 (6)
0 < 61(tf) - éz(tf) < /2

find the admissible control u_(t) which forces
system (5) from the given initill states to the

desired final states in the minimum possible time
Here n is velocity, n acceleration and & 1is the
rotor angular positions of the individual machines.

The procedure for obtaining a quasi optimal

control for the two machine system is similar to
that for the single machine case ! and is briefly
outlined as follows:

For each machine differentiate the swing equa-
tions with respect to time and substitute the volt-
age current relations (Reference [1], Appendix 1I)

to obtain the following set of differential equations.

p3(6]/“50) =
D3(Gz/w0) =

L,(8) + by (t)u, (¢) (7)
L,(t) + by(thuy(t) (8)
L.(t) and Lz(t) are functions of v in addition to
t%e states X .  Subtracting equation (8) from (7)
gives
p>(63/ug) = P2 (6,7u) = Ly(t) - Ly(t)
+ b](t)u](t) - bz(t)uz(t) (9)

p>(6/u,) = L(t) + u(t) (10)






