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ABSTRACT

This thesis presents a comprehensive approach for the steady

state stability analysis of AC-llC power systems. A new method is

presentod for the evaluation of the system state· matrix which is then

used to determine system stability and develop new algorithms for the

stability analysis and" control of large powe~ systems.

The method exploits the powerful features of the Component

Connection . Method for power system modelling and overcomes "the

disadvantages of the eariier \TIerhods. The sta.te matrix is formulated

from two separate sets of equations. One set models the component

subsystems whereas the other defines the interconnection between the

subsystems. The main advantage of this is the great flexibility

provided in the modelling of· the power. system compon,mts. As .long as

the input-output quantities are fixed the modelling complexity of the

subsystems may be changed without affecting the interconnection equa-

tion. A compact interconnection equation has been derived relating

machine voltages and currents in the presence of a multiterminal HVDC

network. The subsystems retain their physical identity in this formu-
".

lation and allow the derivatives of the system state !"atrix to be

easily obtained. The~: system operating .point is determined by a

new sequential AC-llC load flow scheme. Any AC loadflow method can be

iv
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used •. The IX: -network is solved using the Gauss-Siedel method and any

HVDe network configuration and terminals control scheme can he accommo-'

dated. The IX: network solution need not be repeated and the method

Two

developed.

•
•

I

ens,ures that a feasible HVDe system operating point is selefted.

A new eigenvalue tracking algorithm ha,s been developed based on

the evaluation of the sensitivity of a matrix determinant. .It itera

tively updates the eigenvalues following anf,.:ha'nge in the system state

matrix at one-third the cost of eigenval~ computation using the QR

algorithm. Used togeAr with the proposed state m'l.trix formulation

method, it is particularly useful for identifying the modes due to any

.particular subsystem.

new methods for decentralized pOle~ement have been

The first method assigns the given poles among the various

subsystems, and the elements of the feedback gain matrix are varied to

cancel the effects of the Sfstem interconnection. The second method is

based on the sensitivity of a matrix determinant and aolves the decen-

I

tralized pole placement problem as an inverse eigenvalue problem. Both

methods are easy to implement and computationally efficient.

The methods presented in this thesis have all been verified by

app] ying them to real ftic power system models. These have included a

single machine infinite bus system, a three-machine AC system with sIx

buses and nine lines and a three-machine three-terminal AC-IX: system •

These applications i~clude simulation, analysis and decentralized

controller design.
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LIST OF PRINCIPAL' SYMbOLS

Gener~ting Unit Hodel

- stator voltages in direct- and quadrature-axis cir~

cu!ts, respectively.

, .

Xkq

xaf

xad ,xaq

'" r s

rf ,rkd ,rkq "\

- stator voltages in, DO synchronous reference frame.

- stator voltage.

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

cuits, respectively.

- stator currents in DO sYnchronous reference frame.

- stato~ flux linkages in direct- and quadrature-axis

ci~cuits, respectively.

- synchronous reactances in direct- and quadrature

axis circuits, respectively.

- self, reactances of field and direct-axis damper

winding'a.

- self 'reactances of quadrature-axis damper windings.,
- stator field mutual reactance.

- stator-rotor mutual reactances with damper wind-

ings.

- stator resistance.

- fiei~damper windiDK resistances.

vi
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if ,ikd ,.ikq

Efd

- currenLs in f1pld and dHmpcr windings.
~'.... ,

- field voltage.
; .

J
.'

" '- total reactance between generato,r terminal and bus-

bar ..

total resistance between generator terminal and

busbar.

- vol tage proportional to quadrature-axis flux link-

"

- angular speed of rotdr.

active 'and reactiVe power.

,""

., .

f

"

input torque to generator shaft.

rotor angle •. '

- vol tage 'behind synchronous impedance.'

\J- generator output electrical torque.

- sngular frequency of infinite bus.

- inertia constant.

6

\ Wo

H

Tm

Te

W

p.O

E

Ed

age.

- voltage proportional to direct-axis flux linkage.

x'
d

- stator transient reactance.

- quadrature-axis transient open-circuit time con-

stant.

direct-axis ,transient ope!'-circuit tl,me con,stant.

- damping coefficient.

Excitation Syate.

- voltage sensor output.

- amplifier output voltage.
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VJ

TR •

fA

TF

'E
,~

KA

KF

KE

Vref

..
'. .'

stabilizer output vPltage.

vo~ge Be~Bor time constant.

.
amplifier time constant.

- stabildzing loop 'time constant.

- exciter time constant. I

- amplifier gain.

- stablizing loop gain

- exciter gain.

- exciter reference voltage.
)

) DC Terainal Controller

IOC

VOC

IREF

VREF ,

VST

11

KAC

KAV

KS

Tc

TV

terminal OC current.

- terminal DC voltage.

- reference current.

~ reference voltage

- stabilizing input.

i
- firing angle.

- constant current controller amplifier gain. .'

- constant voltage controller amplifier gain.

- atabilizing input gain.

- current controller time constant.

- voltage controller time constant.

r

/

•
DC Converter Stabilizer

- atabilizer gain.

- voltage feedback gain.

viii
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"-

'r I<w - speed feed back gain.

/
K6 - rotor angle feedback gain.

Tl. T2 • T3 lead-lag time constants.,

VST - output volt",ge.
• e.

IlDiscellaneouB

- prefix denoting incremental change.

- superscript denoting differentiation with respect

to time.

T or t

-1

s

- superscript denoting matrix or vector transpose.

- sl1p~rscript· denoting matrix inverse.

- raplace .operatpr.
.. .. ..

,
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