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Abstract

Transmission lines, among other electrical power system components,
suffer from unexpected failures due to various random causes. These failures
interrupt the reliability of the operation of the power system. When
unpredicted faults occur protective systems are required to prevent the
propagation of these faults and safeguard the system against the abnormal
operation resulting from them. The functions of these protective systems are
to detect and classify faults as well as to determine the location of the faulty
line when a fault is detected in the voltage and/or current line magnitudes.
Once the fault is detected and classified the protective relay sends a trip
signal to a circuit breaker(s) in order to disconnect (isolate) the faulted line.

The features of neural networks, such as their ability to learn,
generalize and parallel processing, among others, have made their
applications on many systems ideal. The use of neural networks as pattern
classifiers is among their most common and powerful applications.

This thesis presents a back-propagation artificial neural network
architecture approach to detection, classification and isolation (location) of
faults in transmission line systems. The objective is to implement a complete
scheme for distance protection of a transmission line system. In order to
perform this goal, the distance protection task is subdivided into different
neural networks for fault detection, fault identification (classification) as

well as fault location in different zones.



Jlac YT o 808 J) QL cnligle (8 LS 85053 8,08 0 J§ 5 bogan (Slas

LBaliaeg 8o giie aluwY 8
padl Jlo oY) ek vie 85030 85 Jl Segaie Jao 8l e JlacUl 032 )35
by Lead] e ‘.m 8y laag Jlo oY 030 L] gid Syghas 8ylan] Pl ol 828 gis
Lpae 85l Bl pall
il gd goyant I 8Lo YU Jlocll 030 caiaiy BLS] Bload] lod 3Ly )
ala S ax gl (8 LA o ap o) Bage oo 8a8 ye Jrdl BLIST die Jand]
Trip) ks 5,Ls) Jupn (Protective Relay) & ladl fa o b 4diin Sy o &l
. Jerdll sl J32] (Circuit Breaker) & s/a) 2L J (Signal

(Artificial Neural Networks) s,cllwa¥| omanl i) Gasbaz o)
o3 o cndaa cnly 2] o e B3 jlgiadl 82 Jlally e axilly lail] (e L) S
Lo S e o Y drn 2] e8] planin | 0 LS Ll 8aosY ) ye yanll (e
Bl g 8 gl (s i) e Cuail

Back Propagation) Sl Liis¥| uejjlsa alasin) (ppaisy cuadl |30 ol
8)% )] Josbgan (8 Lpas go paniig leiiualy Jlac ¥ (LS| oS (Architecture
Distance) s,00u ol 8y B ol fo Qiodde 203 25 cn 130 o ag J) 15, 5L Y|
8308 o) Mdass e dagll 130 3 A1, 850N 8,38 ) 8 5 bagas] (Protection
&3 e asig Loy J oV BLESY sclia ) Sanac plgssac (o 800

25 g0 Bac po sl



TABLE OF CONTENTS

TITLE PAGE
a _-_S’ | i
DEDICATION ii
ACKNOWLEDGEMENT iii
ABSTRACT iv
wedell \4
TABLE OF CONTENTS Vi
LIST OF TABLES X
LIST OF FIGURES Xi
LIST OF ABBREVIATIONS xiii
Chapter One Introduction
1
1.1 Basics of Power Systems
1.2 Power Systems Challenges 3
1.2.1 Faults - Types and their Effects 3
1.2.1.1 Active Faults 3
1.2.1.2 Passive Faults 5
1.3 Neural Networks Solutions 5
1.4 Research Objectives 7
1.5 Problem Statement 7
1.6 Research Methodology 8
TITLE PAGE
Chapter Two Characteristics of Power System Faults
2.1 General View 9
2.2 Nature and Causes of Faults 10
2.3 Power System Network 12

2.3.1 Power Generation 12



2.3.2 Power Transmission 13

2.3.2.1 Transmission Lines Model 14

2.3.2.2 Per Unit Values 15

2.3.3 Distribution and Utilization 16

2.4 Types of Common Faults 17

2.4.1 Single-line-to-ground (SLG) 18

2.4.2 Line-to-Line (LL) Fault 19

2.4.3 Line-to-Line-to-Ground (2L G) Fault 20

2.5 System Protection 21

2.5.1 System Protection Components 21

2.5.1.1 Instrument Transformers 22

2.5.1.2 Relays 23

2.5.1.3 Circuit Breakers 23

Chapter Three Artificial Neural Network

3.1 Introduction 25

3.2 The Neuron 25

3.2.1 Biological Neuron 25

3.2.2 Artificial Neuron 27

3.2.3 Transfer Function 29

3.3 Neural Network Architectures 29

3.4 Neural Network Learning 32

3.4.1 Supervised Learning 32
TITLE PAGE

3.4.1.1 Delta Rule 32

3.4.1.2 Backpropagation Algorithm 33

3.4.2 Unsupervised Learning 38

3.4.2.1 Hebb’s rule 38

3.5 Neural Network-based Approaches Power System 38

Problems

Chapter Four Design of Neural Networks for Fault Detection,
Classification and Location

4.1 Introduction 40



4.2 Modeling the Transmission Line System

4.3 Design Overview

4.4 Design of Neural Networks for Fault Detection
4.4.1 Training Procedure
4.4.2 Selecting the Right Network Size
4.4.3 Testing of the Network

4.5 Fault Identification (Classification)
4.5.1 Design of Neural Networks for Fault Classification
4.5.2 Testing of Classification Network

4.6 Fault Isolation/ Location (Identifying the Faulty Zone)
4.6.1 Design of Neural Networks for Fault Isolation
4.6.2 Testing of Fault Isolation/ Location Network

4.7 Results and Discussions

Chapter Five Conclusion And Recommendations

TABLE NO.
2.1
4.1
4.2
4.3

5.1 Conclusion

5.2 Recommendations
References
Appendices

LIST OF TABLES

TITLE
Fault types and their frequencies
Voltage and current per unit values used as a training set
The BP classification network truth table
The isolation network desired response

40
42
44
44
44
49
51
51
55
55
56
60
60

62
63
64
Al

PAGE
17
43
52
56



FIGURE NO.
1.1
1.2

2.1
2.2
2.3
24
2.5

2.6
2.7
2.8
2.9
3.1
3.2
3.3

3.4
3.5

LIST OF FIGURES

TITLE
A basic structure of a simplified power system
The research methodology for fault detection,

classification and isolation in typical transmission line

system using neural networks

Typical electrical power network

Typical power grid

Pi network for a transmission line

Typical power distribution network

The three-phase system used for sequence network

development during various faults
Single-line-to-ground (SLG) fault
Line-to-line (LL) fault
Line-to-line-to-ground (2LG) fault
Over-current protection schematic
Biological neuron

Artificial neuron

Multilayered feed-forward artificial neural
network

Feedback network

Lateral network

PAGE

12
13
14
17

18

19
19
20
22
26
28

31

31
31



FIGURE NO.

FIGURE NO.

10

4.1
4.2
4.3

4.4
4.5

4.6
4.7
4.8

4.9

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

One — line diagram of the system studied
Output error for the BP neural network 6-4-1
Network output versus Desired output for the

BP neural network 6-4-1

TITLE
Output error for the BP neural network 6-2-1
Network output versus Desired output for the

BP neural network 6-2-1

Output error for the BP neural network 6-3-1
Output error for the BP neural network 6-3-1
Back Propagation Neural network used for fault

detection
Testing samples output error for the BP neural

network 6-3-1
Testing samples Network output versus desired

output for the BP neural network 6-3-1
Training samples output error for the BP neural

network 6-2-4
Training samples output error for the BP neural

network 6-8-4
Training samples output error for the BP neural

network 6-5-4
Back Propagation Neural network chosen for

fault classification
Testing samples output error for the BP neural

network 6-5-4
Training samples output error for the BP neural

network 6-5-5-3
Training samples output error for the BP neural

network 6-6-6-3

TITLE
Training samples output error for the BP neural

network 6-7-6-3

41
45

46

PAGE
46

47

47

49

50

50

53

53

54

54

55

57

57

PAGE

58



11

4.19

4.20

4.21

ANN
NN
BP
KVL
KCL
PU
SLG
LL

Training samples output error for the BP neural

58
network 6-5-4-3
Back Propagation Neural network chosen for 9
fault isolation.
Testing samples output error for the BP neural 60

network 6-5-4-3

LIST OF ABBREVIATIONS

- Artificial Neural Networks
- Neural Net

- Back Propagation

- Kirchhoff’s Voltage Low

- Kirchhoff’s Current Low

- Per Unit

- Single-Line-to-Ground fault
- Line-to-Line fault



12

2LG
VT
CT
OoC
MCB
RMS
IEEE

Line-to-Line-to-Ground

Voltage Transformer

Current Transformer

Over Current

Miniature Circuit Breaker

Root Mean Square

Institute of Electrical and Electronics Engineers



	Dedication
	LIST OF ABBREVIATIONS
	1.1 Basics of Power Systems
	LIST OF ABBREVIATIONS

