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ABSTRACT

The thegis presents g study of the contrel ang
stability of wa gynchronous generator connected to an
infinite bus  through two parallel lines and a
local load representing the interconnection of g
large power system. The gtudy includes the
application of different techniques of automatic
voltage regulators and speed governing systems for
synchronous machines. The development of dlgital equip-
ment has made 1t possible to apply efficlent techniques
of dlgital controllers as automatic voltage regulators

cr as speed governors for the synchronous machines.

The proportional-plus-integral-plus derivative
(PID) digital automatic voltage regulator(DAVR) pre-
sents an effective means for Improving the transient
and dynamie performances of the synchrenous machine when
equipped with this kind of DAVR. The main feedback
slgnal for such a DAVR which controls the excitation
voltage 1s the terminal voltage of the synchronous
generator. This terminal voltage 1is sampled and intro-
duced to the DAVR at constant 1intervals. The DAVR
recelves this signal , converts it Into dlgital,com-
putes a control signal by means of a programmed
algorithm,converts the control signal 1into a voltage

and delivers 1t to the excitation system.

In addition, other stabilizing signals propor-
tional to the derivative of power angle, output
bower, power angle and armature current were used. A

welghting Tfactor 1is asslgned for each one of these

(1)
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signals and the input signal to the controller ts the

welghted sum of dAilferent combinations of these

signals.

Ditfterent control strategies are considered in
this study . These are (1) keeping weighting
coefficients constant or (2) dynamleally changing them

according to the variances of thelr respective slgnals.

One of the problems 1in the appllcation of PID-DAVR
1s the tunling of this kind of regulators 1.2 the best
selection of their parameters (controller gain,
Integral time, derivative time). The modern trends in
computer technology is to use adaptive control system
as AVRs or governors, One of these controllers 1s the
self-tuning regulator. In this ecase the parameters of
the regulator are not held constant but are computed

and updated every sampling instant.

In the current study these types of AVR's and
Speed governors are examined. The study is pertormed
using the facilitles of a high~speed digital computer.
A powWer system has been chosen and the mathematical
mode L which represents it was derived .The model con-
sists of a set of first order Jdlfferentlal equations
Wwritten in the sbtate-space [lorm. The eyuations ol the
dlgital controlliers are derived 1in the Form of Jdif-
ference cyuations. The comblned mathematical model has

been solved on the computer.

(11)

Central Library - Ain Shams University



An interactive computer program {or the simulation
of this system was designed and written for the
computer . 1t pertorms the modeling of the system and
it 1s capable ol handing nine different transient and

dynamic types of wvariations on the power system.

The translent and dynamic operation of the power
system when the machine was equlipped with (a) constant
parameters, constant welghting coefficients DAVR  (b)
constant parameters, dynamically changing weighting
coefficients DAVR and (r2) self tuning regulators are

examined.

Also the dynamic performance of the machine has
been checked when the turbine was governed by a PID
digital controller. The &translent and dynamic response
of the machine under difterent initial loading and

Lypes of variations are computed.

Results are compared Lo both theoritical and
experimental results already published in literature

sources.

(1ii)
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CHAPTER 1

INTRODUCTION

1,1 GENERAL

The continuous growth of large Interconnected
power networks and the requirements of system reliabil-
lity have made the problem of stability investigation
of ever 1ncreasing 1importance. Electrlecal englneers,
belng 1interested LIn findlng ways for 1improving system
stability are obliged to develop and employ better tech-

nigues for power system control.

The power system stability may be defined as that
property of the network which enables the synchronous
machines of the system to respond to a disturbance from
a normal operating condltion so as to return to a con-
ditlon at which thelr operation is again normal. Stabl-
lity studles are prlmarily concerned with variations in
speeds and rotor positionns o They focus  attention
on  the transmissicn netvork, since 1t
is concerned more than the power plant or system
contrels, with the power transfer between generators
required to malntaln synchronism. 3tabllity studles are
well reported in many technical sources [1-7] . These
stabllity studles are tradlitionally c¢lassifiled 1into

three types depending upon the nature and order of mag -

(3)
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