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SUMMARY where the error e 1is the difference between a

reference (or measured) output and the model
Three algorithms for estimation of parameters of a output of equation (2) for each estimated valwe
large power system are reported. The algorithms of a. Expanding Y in a Taylor series and setting
developed respectively are for a five parameter 3J/3a= 0, an algorithm for updating o is obtained
and a four parameter dynamic models of the grid from the set of algebraic relationships
system with terminal voltage as the only measured
output, and a five parameter model with the D.A a = N 4)
terminal voltage and frequency as measured outputs.
It is observed that four parameter system with The recursion formula for updating o is
only terminal voltage output is computationally
more efficient and at the same time provides i i-1
. . a = a + K A a (5)

reasonable estimates of the important parameters

of the system. where the acceleration factor matrix K is

INTRODUCTION assumed to be diagonal.
. ALGORITHMS § RESULTS
When the dynamic performance of one or a group of MS &
genzya;ors fzonnected ttz' a large powe?e§r1d o;i The estimation procedure is started by solving
stu led, oiten compu ? rons  are carric equation (1) and (2) for a given input with a
c0351de?1ng the grld-aystem as an 1nf1n1te ‘bus. nominal value of o to  generate the reference
Thls1.s%mp1e @odel ot the power grid tnough output. If data from measurements are available,
simplifies calculations to a large extent, it this step is not necessary. For any initial
cangotd be _gsegt ggr :orelicigrate ;FUdleSZn igz guess of y reasonably near the nominal values,
800 ypamic sty 1e§, a Che mAchines in the outputs and output gradients are calculated
power system including their control devices for the same input Solution of the set of
should be. adequately represented._ If 1nst?ad of algebraic equations (4) gives the change in
represeytlng gach and evgry machine dynamically, parameter values by which the estimates are to
the entire g?ld system 1s rep}aced by one or a be updated. The matrices D and N are solved
group of egulvalent finite machines, a great d?al from a set of integro-differential equations
of computgFlonal effort can be saved_ln @ 4e51gn involving the state and output gradients. The
§tudy. Viewed from the gene?atlng unit of elements of the matrix K are dependent on the
interest, the grid absorbs electrical energy and value of Ax as well as that of normalized cost
hence can be rep?esented by a synchrogous mogor, index J. The estimation process is discontinued
parameters of which are to be determined. From when both Aa and J fall below some predetermined
measurement of some out?uts of the system, these levels. A flowchart showing the different steps
parameters —can ?e. esFlmated Fhrough 2 least of the estimation process is given in Figure 1.
squares error minimization technique.
Algorithms for estimation of the unknown power
FORMULATION OF THE PROBLEM system parameters were developed considering
For small perturbations, the input - output 1. A fifth order parameter model with
relations of the local generator connected to the terminal voltage as the only measured output.
equivalent motor through an equivalent link can The equivalent synchronous motor is represented
q g q yn P
be expressed as dynamically by a simplified third order model
. with the following parameters - the moment of
X = A(a)x + B(a) u (D inertia (H), damping coefficient (D), open
circuit field time constant (T'go),synchronous
Y = C{a)x (2) reactance (X) and transient reactance (X').
where X, Y and u are the state, output and control 2. A fifth order parameter model with
P . P
vectors respectively. A, B, C are the coefficient terminal voltage and frequency variation as
matrices and « is the vector of unknown parameters measured  outputs. Terminal voltage and
of the synchronous motor. The value of a should frequency variation are given equal weights in
be so chosen as to minimize the performance index.
t .
J o=y fofeT Re dt (3) 3. A fourth order parameter model dropping

the damping term from the estimation algorithm.
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Figure 1. Flowchart for the parameter

estimation algorithm.

The damping is kept constant at a small positive
value. Estimation is performed on the basis of
terminal voltage output records only.

The three algorithms were tested for a sample
power system for a number of loading conditions &
different power factors and several values of
intertie impedances. Curve a in Figure 2 shows
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Figure 2. A sample plot of (a) lisall for
the five parameter case (b) J with 5 para-
meter one output model (c) J with 5 para-
meter and two output model (d) J with 4
parameter model.

a sample plot of the norm of variation of the para-
meters against iteration number for ar initial
estimate of 2 times the nominal values of a.Curves
b, c and d respectively show the variation of J br
the three cases mentioned. It can be observed
that estimation with both frequency and terminal
voltage output rtecords provide little better
convergence near the minimum but the advantage so
gained is not significant. With the four para-
meter model, convergence is little faster but the
steady state error J is higher because the damping
is kept constant at a small value different  than
that in case 1. The four major parameters can be
reasonably estimated with less computation time in
this case.
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