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Abstract

This dissertation presents a study meant for improvement of lightning protection in
low voltage distribution systems in the areas with high isokeraunic levels. The
electricity consumers in Sri Lanka, especially those who live in areas with high
isokeraunic levels, suffer considerable damages to their electrical appliances due to
lightning. The objective of this project is to assist the electricity distribution
authorities in finding remedial measures to overcome the difficulties faced by the

consumers.

Beregala in Avissawella, an area severely affected by consequences of lightning, was
selected for the study. Two low voltage distribution lines that run across a rural
mountainous area were identified for the modeling purpose. The type of conductor,
average span of the line and typical electrical loads connected to the line were taken

into consideration in modeling the line.

The model of the line as well as the lightning strike was simulated using software
PSCAD / EMTDC. The effectiveness of Lightning Surge Arrestors when connected

at various points along the distribution line was analyzed. A field study too, was
carried out using two distribution lines running across similar ground conditions to
gauge the effectiveness of using a shielding conductor in a low voltage overhead

distribution line.

Based on the theoretical and the field studies, the report finally presents its findings
that might be useful in finding solutions to minimize the damages caused to

household electrical appliances due to lightning.



DECLARATION

The work submitted in this dissertation is the result of my own
investigation, except where otherwise stated.

It has not been yet accepted for any degree, and is also not being
concurrently submitted for any other degree.

/

,\f‘%"'"
—

PW Hendahewa
10™ September, 2007

We/l endorse the declaration by the candidate.

UOM Verified Signature

W.D.A.S. Wijayapala
Senior Lecturer (Gr.1), Department of Electrical Engineering



CONTENTS

Declaration

Abstract

Acknowledgement
List of Figures
List of Tables

1. Introduction

1.1
1.2
1.3

What is Lightning
Background of the study
Objectives

2. Methodology

2.1
2.2

Theoretical Study
Field Study

3. Theoretical Study

3.1
3.2
33
34
3.5
3.6
3.7

Modeling of the distribution line

Voltage Distribution along the line without surge arresters
Voltage Distribution along the line with arrester at node 15
Voltage Distribution along the line with arrester at node 26
Voltage Distribution along the line with arrester at node 15 & 26
Voltage Distribution along the line with arrester at node 4,15 & 26
Observations of the theoretical Study

4. Field Study

4.1
42

Procedure adopted
Results of the consumer survey

5. Discussion

5.1

More Damages occur towards the end of the line?

5.2 Shield wire protection
5.3 Arrestor protection

5.3.1 Operation of a surge arrestor
5.3.2 Arrestor spacing

5.3.3 Top phase arrestor usage
5.3.4 Energy Concerns

5.3.5 Aspect of arrestor failures
5.3.6 Arrestor duty

6. Conclusions

7. References

L Lo —

W un

10
11
12
13
15

16
16
17

19
19
19
20
20
21
21
22
22
22

23

24

1



Acknowledgement

The idea of this research was brought forward by Dr. H.J.C. Peiris with a view to
finding solutions to the difficulties faced due to lightning by the people living in areas
with high isokeraunic levels.

Firstly, T should express my gratitude to Dr. H.J.C. Peiris for his excellent guiding
and support extended to make this project a success. Then 1 must give special thanks
to Professor J.R. Lucas, The Head of the Department of Electrical Engineering,
University of Moratuwa for his valuable support extended.

Further, I must thank all the lecturers engaged in the M.Eng. course sessions who
made our vision broad and tried to enhance our knowledge in the field of electrical
engineering. I must specially thank Professor Ranjith Perera for his encouragement
and support extended throughout the MEng programme.

I must also thank Mr. Sisira Weeratunge, the former Area Engineer of the Ceylon
Electricity Board, Avissawella for his support extended by arranging field

requirements for the project.

My thanks also go to my wife and two sons for providing me with time and courage
in completing this dissertation.

P.W. Hendahewa



List of Figures

Figure Page
3.1  Model of the line for a length of one span 9

3.2(f) Surge Voltage Profile along the 26-node distribution line when the
lightning strikes at node 10. No arrester is connected 10

3.3(f) Surge Voltage Profile along the 26-node distribution line when the
lightning strikes at node 10. The arrester is located at node 15 11

3.4(f) Surge Voltage Profile along the 26-node distribution line when the
lightning strikes at node 10. The arrester is located at node 26 12

3.5(f) Surge Voltage Profile along the 26-node distribution line when the
lightning strikes at node 10. The arresters are located at nodes 15
and 26 13

3.6(f) Surge Voltage Profile along the 26-node distribution line when the
lightning strikes at node 10. The arresters are located at nodes 4,

15 and 26 14

3.7  Comparison on Peak surge Voltages along the 26-pole overhead ..
distribution line by placing arrestors at different locations 15

5.3.2 Direct Stroke Flashovers vs. Arrestor Spacing 21



List of Tables

Table
2.1 Linc Characteristics

4.2 Results of the Consumer Survey

Page

17

vi



