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ABSTRACT

A modification of a previously derived closed Toop
excitation control scheme for stabilization of syn-
chronous machines is considered for single machine-
infinite bus and two machine cases. The modification
basically consists of the use of a simplified machine
model to obtain the optimal control law. This results
in a considerable reduction in the number of
quantities to be measured so that implementation is
simplified. The effects of using constant nominal
values of bus bar voltage and line reactance are
also examined with a view to eliminate the more
difficult measurements. The results indicate that
the response obtained with these simplifications is
quite satisfactory, providing good transient removal.
The effects of instrumentation error are found to be
small from the viewpoint of effective stabilization.

INTRODUCTION

The determination of excitation control schemes
for power system stability can be considered as an
optimal control problem [2, 5, 6, 7, 8].

The dynamic equations of a synchronous generator
feeding an infinite bus system may be expressed as

X = (X, u) (1)

where the state variable X may be chosen as the flux
Tinkages or the currents and rotor position, velocity
etc. of the generator. The control vector u generally
is electrical control (exciter output), mechanical
control (prime mover a?d governor control) and tie
Tine reactance control!. Some or all of the elements
of u may have some physical constraints on them.

The problem often encountered by power system eng-
ineers is to transfer system (1) to its equilibrium
state after some disturbance has perturbed the system
from the input-output torque balance position. This
is to be done by minimizing some objective (or cost)
functional. Generally final time or the deviation of
some or all the states from the nominal point is
chosen as the cost functional2.

Transferring system (1) from the given initial
states X to the desired equilibrium point in an
optimal = fashion i.e. minimizing some objective
functional is not difficult. The optimal solution may
be obtained by resorting to iterative techniques such
as the Newton Raphson method or the steepest descent
technique3.4. The right hand side of equation (1) may
explicitly or implicitly be a function of the dist-
urbances which are generally not known in advance.
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This further complicates the optimal control problem.
One possible approach is to apply statistical analysis
for random disturbances, for which data is generally
insufficient. Another approach is to store the optimal
solution for a number of cases and then use curve
fitting techniques for the particular disturbance.

This requires a large and costly computer.

One way to avoid these difficulties is to find a
closed Toop control.In cne such control approach5-
a relatively crude method is applied to find the
control scheme as a function of state and other param-
eters of the system. The resultant solutions have
been compared with those obtained by a steepest de-
scent technique and are found to be optimal for linear
systems and sub-optimal for large disturbance (non-
Tinear model). The basic approach is to differentiate
the torque equation and substitute the voltage current
relationships of the system to obtain an equation of
the form

¥ = L(t) + b(t) u(t) (2)

The time optimal excitation control u(t) is obtained
by piecewise constant approximation of L(t) and b(t) .

One of the difficulties encountered here is that
the term L(t) is a complicated function of all the
system states. This scheme, although a significant
improvement over the iterative techniques from an
application viewpoint, is handicapped by the fact that
all the system states necessary to find the optimal (or
sub-optimal) solution may not be readily available. A
practical scheme should utilize a minimum number of
variables so that it will be less costly and simpler
to implement.

In this paper, an approximate model is used to
obtain a simplified control function. The results are
compared with those using a detailed model. In
addition the effects of parameter variation are examined.

ANALYSIS

Consider a single machine feeding an infinite bus
of voltage v. The swing equation may be written as

2 _
T 0 (8/uy) = Ty - T, (3)

Where Te = Uy iq - wq id (4)

For a list of symbols see nomenclature at the end of
this paper. The following assumptions are made

(1) No amortisseur windings
(it) Machine and transmission line resistances
are negligible

(i11) Transformer voltages py,, py_ are negligible.
This can be extended® to 9 include the
corresponding transmission line terms.

(iv) Prime mover torque variation is negligible.

(v) Speed variation terms are small

(vi) Saturation is neglected

Assumption i, ii reduce damping and increase the mag-
nitude of oscillations. Assumptions iii and v _are

those often used in practice with good results”?. iv
implies that there is no effective governor action in






