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ABSTRACT

Digital computers and particularly microptocesscr based
computers aze belng applied in ever increasing numbers tTo the
difterent zapplications of controls in electrical power systems.

The design of digital controllers 1is usually based on
tinear models of plant dynamics.The Increasing complexity and
decreasing stablllty of power systems has made the determination
of sulitabis models and the estimation of system parameters a
subject of growing importance.

Models of power system are uvswally classifiedintooff-line
mudels and on-line models.Qff-line modelsareconstructed by
knowing many details about the power system components and by
using the different laws of basic science. The counstruction of
these wmodels Is tedious, time consuming and inaccurate in some
cases.Cn~line models , on the other hand, are constructed by
gqathering iInformatiocn about the system inputs and cutputs, then
these information are used by the control computer to determine
the model vfE the syskem in the form of transfer functicns or
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difference equations.The process of obtaining infermations about
a system threugh the observation of its inputs and outpets is
knaown as identification.

Out of the different identification methods available, the
recursive weighted least sguaresidentificaticn methad has been
chosen for identifying the power system under study.This method
has the advantages o2f simplicity, accuracy and sultability for
application tu noisy power sysiem environment.

The mathematical models of the power system under study
are formulated in the two-axls reference frame and simulated
digitally tu obtain the system transient respanse, the
identifier and controller are also simulated 1n order to achieve

he required contrel action.lt has been proved that the second
arder mcdel 2ased on the recursive least sguare algorithm is
very capable of representing synchronous machine dynamics even

when bthe machine 1s subjected ko sewvere operating conditions.

Central Library - Ain Shams University



Acknowledgement

TABLE OF CONWNTENTS

Abstract ..... P, e a e e aaaare e et ae e .
Tahle aof Cantents ... . et e e e e e
List of Fiqures ...cuivauean. T, e e e e e
Chapter 1: INTRODUCTION
1.1 General ... it e e e e
.2 Thesis objectives ... . i e
1.3 Thesis Layout ............ e e e

Chapter 2:

SYSTEM IDENTIFICATION { A SURVEY )

.1 Intruoducticn ...... e e e e
2.2 Ganeral Properties of Identification
Froblems ... oo io oo F e
2.2.1 Purpese of Identification ........ e
2.2.2 Formulation of Identification Problem
2.3 Clasificatian of Identification HMethods
2.3.1 The Class cf Models ......... b a et e e e
2.3.2 The (Class of Input Signals ....... D,
2.3.3 The Criterion .... ... iannas
2.4 On Line Identification of Linear Systems
2.4.1 Least SQUAFES .t vw i an e e e
2.4.2 Welighted Least SQUAIES ..o mianererrann
2.4.3 Recursive Least 3gQuUares . .....ciiiaraaaa
2.4.4 Recursive U-D Factorization ....... e
wi

Central Library - Ain Shams University

Page

iv

vi

10

10

12



Chapter 3:

THE MATHEMATICAL MODEL OF THE POWER SY¥STEM

Chapter 4:

UNDER STUDY

3.1 General .......... PPN e . ..
3.2 System Under Study ........ 0 ¢cceuu. e e e s
3.3 The Low Order Model ....... e e e
3.4 The Rigorous Model ................ e
3.4.1 Synchronows Machine Representation .......
3.4.2 iux Linkage Bguations ......cieu0euas N
3.4.3 Voltage Equations ....... ... o . .
3.4.4 Torgue Equatioas ........... et
3.5 Analysis of Transmission System . .......-..
j.e The Linearized State 3Space Model of the

Electraomagnetic Phenemenon ..........¢ ...

DIGITAL COMPUTER SIMULATION AND RESULTS

4.1 General ....... C e e a e et h s e
4.2 The Identification Algorithm ...... P
4.3 Method of Judging The Obtained
Identification Farameters ............... .
4.4 Applications ....... ; N P e e e
4.4.1 Simple Power Systel .. .ii i meaterioreronsen
4.,4.2 Resulbts ... ... s e e
4.4.2.1 Third Crder Identiflier ....... .

a- The Terminal Voltage-Excitation Loop

b~ The Power Angle

- Excitation Loop

-----

4.4.2.2. Second Order Identifier

a- The Terminal Voltage-Excitation Loop ..

b- The Power Angls - Excitaktion Loop

vil
Central Library - Ain Shams University



4.4.3 The Complex Powsr System ............ cee.. 48

a- The Excitation Veoltage - Speed Loop ... 49

b- The Excitation Voltage - Power Angle

LoOD 4w earosaraarans P e e e e . 45
c~ The Excitation Voltage - Termipal
Valtage LooD 4. in i iricninsanranss e, 49
Chapter 5; EXPERIMENTAL VERIFICATION

5.1 Seneral..... e B r e s e . e W27
9.2 System Configuration...... e e aea e 57
5.2.1 The Synchronous Generator...... e e 58
5.2.2 The Identifier....... i nna T
$.2.3 The Analeg to Diglital Converter ASD........6D
5.2.4 Digital to Analog Converter........c.ooiuiv.. B3
5.3 Experimental Results. ... oottt b5
5.3.1 Measuring Technlgue. . o it nuanns b5
5.3.2 Step CThange in Reference Voltage........... 86

5.3.3 Step Thange in Synchrunous generateor load 66
Chapter &: CONCLUSIONS .. h ittt it it ettt et e er s n 71
REFERENCES ...... e bk e aa e n et e e e e e 73
APPENDICES
Appendix A - Data of the System Under Study .... 76
bprepdix B - State Space Model of the Zystem
Under Study ..o i it i et i i e 71
adppendix C - Block BDiagram Constants ........... 79

Appendix D -

Apgendix E -

Microprocessor Software Identification

PECGEAM . + v v v v i v nn e nn s e e e 83
Identification pregram listing...... B2
vili

Central Library - Ain Shams University



Figure

LIST OF FIGURES

Page
Block diagram representing the system loss function.....1l1l
Simplified power systel. .. civer i inntsnnaarennnss st 21
Block diagram representation of a synchronous
machine connected to a large power system .......00.... 24
A Series compensated power system......ccvvinaiariaan s «..2B
Configuration of the system under study............ S b §
Block diagram cof ARMA realization......... At s ea 31
Flow chart of the digital computer identification
PEOGLaM. v v v v v v s G h e b e g s f e e e e e e 35

Calculated step response of synchronous generaktor

terminal voltage to & 10 % change in reference voltage 38
Identified step response of synchronous generator

terminal wvoltage to a 1% % change in reference

voltage using third crder identifier....... P s ... .38
Calculated & identified terminal woltage using third

order identifier............ii0uian., e e aea e . 39
The identification error..... e e e b
Calculated step response of synchronous generator

power angle to a 10 % change In reference voltage.....40
Identified step response of synchronous generator paower
angle te a 10 % change in reference voltage using third
order identifier............... Ca e P aaa e 40
Calculated and identified power angle using third

ix
Central Library - Ain Shams University



order idenktifler. . i i ineennnncensineannnnas
The identification error.............. - 2
Calculated step response of synchronous generator

terminal voltage to a 10 % change in reference wvoltage 43
Identified step response of synchronous generator

terminal voltage to a 10 % change in reference

voltage using second order identifier.........¢.c.... .43

Calculated & identified terminal voltage using second

order identifier. ...t innn i ianar et ncnn e e .. 44
The identification error.......cuv:c..... fa e e L o44d
The identified parameters...........c. 0. e s via. .45

Calcuelated step response of synchronous generator

terminal wvoltage to a 20 % change in reference voltage 46
Identified step response of synchronous generator

terminal wveltage to a 20 % change in reference

voltage using second order identifier............... Y
Calculated & identified terminal wveoltage using second
prder ildentifier........ . cuovviinnn.. C e ket 27
The ldentified parameters............... e oo AT
Calculated step response cof synchronous generator

power angle to a 19 % change In reference wvoltage.....530
Identified step response of synchronous generator power
angle to a 10 % change in reference wvoltage using second
order identifler........ s he e e e e e e vaaaaab0
Calculated and identified power angle using second

order identifier....., e r e e f e e ma e e 51
The identified parameters...... Ciaaen e s e e 51
Calculated step response of synchronous generator speed

toe a 10 % change in turkine input woltage 52

®
Central Library - Ain Shams University



4.10

4.11.a

1.11.b

4.1 ¢

4.12.a

4.12.b

4.12.¢c

Identified step response of synchronous generator speed
to a 10 % change in turbine input woltage using second
order identifier........ e e sra e D2
Change in the synchronous generator input woltage....... 53
Calculated step response of synchronous generator
power angle to a2 10 % change in turbine input wvoltage 53
Identified step response of synchronous generator speed
te a 10 % change in turbine input veoltage using second
order identifier. .. ...t it ia it e e 54
The identified parameters............. Ve e craa e T
Calculated step response of synchronous generator
terminal wvoltage to a 10 % change in turbine input......55,
Identified step response of synchronous generator
terminal voltage to a 10 % change in furbine input
voltag using second order identifier..... b e e .55
Calculated and ldentified step response of synchronous

generator terminal voltage te a 10 % change in turbine

input voltage using second order identifier............. 56
Block diagram of the experimental set up.......c... ... 58
Adnalog to digital converter......... Ve e 62
Block diagram of the analog to digital converter........ 62
Digital to analeog converter....... e f e e 64

Terminal voltage response following a 10 % step change

in the generator reference wvoltage

a-physical system b-Identified system...67
The same results of Fig 5.5 obtained using the

analyzing recorder.......... e e e m e e e e &7
Loading the synchronous generator in steps

a-physical system b-Tdentified system...68

x1
Central Library - Ain Shams University



.10

The same results of Fig 5.7 obtained using the

analyzing recorder..... i r e et e P

Gradual change in the generator load from full
to no load & from no load to full load
a-physical systen b-Identified

The same results of Fig 5,9 obtained using the

analyzing recorder..... e e e

x11
Central Library - Ain Shams University

system...89



—

-

v
1df Tty

<

fd

LIST OF SYMBOLS

generator armature current

current in the series compensated line

d-and g-axis component of the generator
armature current respectively

field current

infinite bus bar wvoltage

voltage across the series capacitor

generator terminal voltage

d-and g-axis component of v; respectlvely

field wvoltage

active power delivered to the infinite-bus

time cperator = 4d/4t

reactive power delivered to the infinite-bus
armature resistance

external line resistance

field winding resistance

d-and g-axis damper winding resistance,respectively
time in seconds

shaft torgue

d-and g-axis magnetizing reactance,respectively

d-and g-axis synchronous reactance,respectively
d-and g-axis transient reactance,respectively

d-and g-axis subtransient reactance,respectively
field winding self reactance
external line reactance
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