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ABSTIl.ACT

This thesis presents a continuation in the process of rational-

izing, unifying and improving existing model reduction techniques.

Thus a method of reduction is developed which combines the method of
,

aggrega~ion and partial Pade approximation in such a way as ,to maintain

their separate advantages while simultaneously removing their disadvan-

tages. The i~portant aspects associated with the reduced-order models

obtained are: guaranteeing the stability of the reduced-order models ,,'

saving computation time, retainin~ the invariance property under state

variable feedback conditions and matching some of the original system

time,moments.

Also, a criterion is proposed for,selecting the state variables

of the original system to be retained in the reduced-order model. This

criterion leads to developing a reduction; technique which can be

'.regarded as a combination of the methods of aKgregation and singular

•

perturbation. Therefore, the reduced-order model obtained retains the

physical significance of the state variables a!,d the dominant eigen-

values of the original system.

Furthermore, a procedure is developed for obtaining dynamic

equivalents of multimachine systems.

iv

This procedure utilizes the



,,.-i'"

concept of component cost analysis for identifying the coherent groups

of generators. .-
Verification of the methods developed in the thesis is estab­

lished using a variety of realistic power system models including a

single synchronous machine connected to an infinite bus, a three-

machine system and a lo-machine system. These applications include

simulation, analysis and simp~e.controller design.
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LIST OF PRINCIPAL SYMBOLS

•

R
a

- stator voltages 1n direct- and quadrature-axis cir-
o

cutts. respectively.

- stator voltage.

- stator currents in direct- and quadrature-axis cir-

cutts, respectively_

- stator flux linkages in direct- and.quadrature-ax1s

circuits, respectiv,ely.

- synchronous reactances in direct- and quadrature

axis cirCUits, respectively •

- self reactances of field and direct-axis damper

windings. ..
- self reactances of quadrature-axis damper windings.

- stator field mutual reactance.

- stator-rotor mutual reactances with damper wind-

ings.

- stator resistance.

Rf,Rkdl,Rkql,Rkq2 field and damper winding resistances. \

if,ikdl,ikql,ikq2 - currents in field and damper windings.
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~f ~kdl '~kql'~kq2 - flux linkages with field and damper windings.

E
fd

- field voltage. .~

x
e

- total reactance between generator terminal and bus-

- voltage behind synchronous impedance.

- voltage proportional to quadrature-axis flux link-

- tota~ resistance -between generator terminal andR

(
w

0

H or M

T
m

w

P,Q

E

E'
d

bar.

busbar.

~ rotor angle.

- angular frequen~y of infinite bus.

- inertia constant.

- input torque to generator shaft.

- angular speed of rotor.

- active and~reactlve power.

, .

age.

,

E'
q

( x'

T',., qo

T' .
do

D

Excitation System

- voltage proportional to direct-axis flux linkage.

- stator transient reactance.

- quadrature-axis transient open-circuit time con-

stant.

- direct-axis transient open-circuit time constant.

- damping coefficient.

- voltage sensor output.

- amplifier outP4t voltage.
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V
ref

Kisce"llaneous

,

stabilizer output voltage.

- voltage sensor time constant.

- amplifier time constant.

- stabilizing loop time constant.

- exciter time constant.

- amplifier gain.

- stablizing loop gain

- exciter gain.

- reference voltage.

- prescript denoting incremental change.

\

,

•

r·
T or t

-1

s

- superscript denoting differentiation with respect

to time.

- subscript denoting ve~r quantity.

- superscript denoting matrix or vector transpose.

- superscript denoting matrix inverse.

- Laplace operator.
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