
Chapter 1 

Introduction 

As a result of increasing application of household electrical appliances and electronic 
devices in domestic and industrial fields, the electric utilities and end users are 
increasingly concerned about the equipment damage due to over voltage caused by 
lightning. Unlike in the past, the load equipment is more sensitive to voltage surges. 
Many new load devices contain power electronic devices and micro-processor based 
controls that are sensitive to over voltages. The utility consumers are better informed 
about impulsive transients and are challenging the utilities to improve the quality of 
supply. 

Power quality concerns have created more interest in lightning. Improved lightning 
protection of overhead distribution lines is being considered as a way of reducing the 
number of interruptions. 

1.1 What is Lightning? 

Benjamin Franklin performed the first systematic, scientific study of lightning during 
the second half of the 18th century [ 1]. Prior to that time, electrical science had 
developed to the point where positive and negative charges could be separated. 
Electrical machines could, by rubbing together two different materials, store the 
charges in primitive capacitors called Leyden Jars from which sparks could be 
generated and observed. 

While others had previously noted the similarity between laboratory sparks and 
lightning, Franklin was the first to design an experiment which conclusively proved 
the electrical nature of lightning. In his experiment, he theorized that clouds are 
electrically charged, from which it follows that lightning must also be electrical. The 
experiment involved Franklin standing on an electrical stand, holding an iron rod with 
one hand to obtain an electrical discharge between the other hand and the ground. If 
the clouds were electrically charged then sparks would jump between the iron rod and 
a grounded wire, in this case, held by an insulating wax candle. 



... 

This experiment was successfully performed by Thomas Francois D'Alibard of 
France in May 1752 when sparks were observed to jump from the iron rod during a 
thunderstom1. G. W. Richmann, a Swedish physicist working in Russia during July 
1753, proved that thunderclouds contain electrical charge, and was killed when 
lightning struck him. 

Before Franklin accomplished his original experiment, he thought of a better way to 
prove his hypothesis through the use of a kite. The kite took the place of the iron rod, 
since it could reach a greater elevation and could be flown anywhere. During a 
Pennsylvania thunderstorm in 1752 the most famous kite in history flew with sparks 
jumping from a key tied to the bottom of damp kite string to an insulating silk ribbon 
tied to the knuckles of Franklin's hand. Franklin's grounded body provided a 
conducting path for the electrical currents responding to the strong electric field 
buildup in the storm clouds. 

In addition to showing that thunderstonns contain electricity, by measuring the sign 
of the charge delivered through the kite apparatus, Franklin was able to infer that 
while the clouds were overhead, the lower part of the thunderstorm was generally 
negatively charged. 

Little significant progress was made in understanding the properties of lightning until 
the late 19th century when photography and spectroscopic tools became available for 
lightning research. 

Lightning current measurements were made in Germany by Pockels ( 1897 -1900) who 
analyzed the magnetic field induced by lightning currents to estimate the current 
values. Time-resolved photography was used by many experimenters during the late 
19th century to identify individual lightning strokes that make up a lightni!1g discharge 
to the ground. 

Lightning research in modem times dates from the work of C.T.R. Wilson who was 
the first to use electric field measurements to estimate the structure of thunderstonn 
charges involved in lightning discharges. Wilson, who won the Nobel Prize for the 
invention of the Cloud Chamber, made major contributions to our present 
understanding of lightning. 

Research continued at a steady pace until the late 1960's when lightning research 
became particularly active. This increased interest was motivated both by the danger 
of lightning to aerospace vehicles and solid state electronics used in computers and 
other devices as well as by the improved measurement and observational capabilities 
which were made possible by advancing technology. 

These studies have revealed that the lightning is a visible discharge of static charges 
that can occur within a cloud, between clouds or between a cloud and the earth. A 
build up of opposite charges (one negative and one positive) separated by an 
insulating air gap can cause the charges to rush toward each other, producing a 
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sudden release of energy. A lightning discharge will have 10,000,000 - 100,000,000 
[V] and 1,000 - 300,000 [A]. Lightning strikes buildings or other objects because the 
materials in them provide easier paths to ground than the air. Lightning is more likely 
to strike on projecting objects such as poles, wires, trees or building steeples than on 
larger, flatter surfaces projecting to the same height or lower. 

1.2 Background of the study 

Damages to household electrical appliances due to lightning have become an acute 
problem to electricity consumers in certain areas._ Especially, the number of 
complaints is significantly high in the areas with high isokeraunic levels. 

Earlier, there had been a practice to employ a shielding conductor in low voltage 
overhead distribution lines on top of the other conductors to shield against direct 
lightning strokes. And surge arrestors too had been used in low voltage lines at load 
connected poles especially in areas with high isokeraunic levels to protect the 
consumers against surges. However, the practice of using a shield conductor and 
arrestors had been abandoned by the electricity utilities later. 

The electricity consumers in such areas desperately complain about their damages 
seeking some remedial measures from the electricity utility to protect their valuable 
electrical appliances. Understanding the importance of a proper study, the electricity 
distribution utility had sought the assistance of the Department of Electrical 
Engineering ofUniversity ofMoratuwa to conduct a project. 

1.3 Objectives 

1. To investigate the effectiveness of using low voltage surge arrestors to reduce 
the damages caused by lightning. 

In the early years, there had been a practice to install surge arrestors at the 
beginning of a service wire in low voltage overhead distribution lines. But, 
later the use of arrestors at consumer load points was abandoned by the 
electricity distribution utilities, mainly due to the high costs involved. One 
ofthe objectives of this study is to measure the effectiveness of surge 
arrestors in minimizing damages. 

2. To verify whether the damages increase towards the end of a line 

The electricity distribution utilities had observed that the complaints about 
damages due to lightning was more frequent from the consumers living nearer 
the end of a low voltage overhead distribution line. The theoretical part of this 
study would help to verify the claim through modeling the line. 
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3. To locate best position/ positions along a low voltage distribution line to 
install lightning arrestors to give the maximum protection 

The high cost of surge arrestors is one of the main reasons for the electricity 
utilities for not installing surge arrestors in low voltage overhead distribution 
lines. The cost could be minimized by locating arrestors only at locations that 
give optimum solution. 

4. To conduct a survey to ascertain whether a shielding conductor can reduce 
the damages due to lightning 
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