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Chapter 5 

Discussion 

5.1 More damages occur towards the end of the line? 

There is a point in the claim that more damages due to lightning occur towards the 
end of the line than the beginning. As elaborated in the PSCAD simulation results, 
when a lightning surge strikes a distribution line, it travels in both directions of the 
line. It is shown in the simulation that the magnitude of the surge voltage decays 
towards the beginning of the line due to the transformer earth. 

The other portion of the line does not enjoy this advantage and as such the magnitude 
remains at the same high value unto the end of the line. Therefore the consumers 
connected towards the end of the line always experience high surge voltages 
irrespective of the point of lightning strike. In this manner, consumers' claim that the 
damages occur more often towards the end of the line is explainable. 

5.2 Shield Wire Protection 

Shield wires are used to avoid direct lightning flashes to the line. Because of their use 
on transmission lines, shield wires are the first thought that comes in mind for 
lightning protection. Shield wires can provide effective protection when very low 
ground resistances are obtainable [ 4]. Shield wires are placed so that virtually every 
strike will hit the shield wire. When lightning hits the shield wire, current will flow to 
ground through the ground impedance, and the ground voltage will rise up. This 
increase may cause a flashover from the ground lead to one of the unprotected phases, 
a phenomenon called a back-flashover. The larger the ground impedance is, the larger 
the ground potential rise is. 

Several problems limit the usefulness of a shield wire at distribution voltage levels 
and this could be the reason for the ineffectiveness of the shield wire as surfaced in 
the field study. 
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1. Low BIL: It is difficult to construct a shied wire design and maintain a 
high BIL because the ground wire must be carried from the shield wire past 

the phase wires to ground. 
2. No effect on Induced Flashovers: The shield wire only reduces the direct 

hit flashovers. It does not reduce the induced flashovers. Since the addition 
of a shield wire will probably reduce BIL, this may lead to even more 

flashovers. 
3. Hard to get low grounds: At distribution voltages grounds would have to 

be less than 1 0 ohms to be effective. 

4. For distribution lines in built-up or forested areas, nearby trees and 
buildings can intercept a significant number of direct strokes. 

5.3 Arrestor Protection 

5.3.1 Operation of a Surge Arrestor 

Ordinary fuses and circuit breakers are not capable of dealing with lightning induced 
transients. Surge Arrestors (SA) only conduct under surge conditions. Normally, a SA 
will do absolutely nothing, much as a fuse does nothing when it is used within its 
rating. However, once the voltage in the system rises due to the effect of a lightning 
strike, the SA starts to conduct and diverts the energy away from the load. The surge 
or overvoltage only lasts for a short time, typically tens of microseconds to a few 
milliseconds and so the total energy is not huge. Unlike a fuse, however, a surge 

arrestor can be used many times. 

Surge Arrestors are triggered when the applied voltage rises above a given level. 

This is known as the clamp voltage. 

The technology used to perform the clamping meets the following criteria. 

a) The surge handling is high enough for the system 
b) The clamp voltage is high enough to avoid the SA clipping the supply 

continuously. 
c) The SA should switch off once the surge has passed 

To have a sufficiently high surge rating, the devices are usually Metal Oxide 
Varistors (MOVs) or spark gaps. MOVs have a high surge rating and are available in 
many different voltage ratings. Spark gaps have very high surge ratings but suffer 
from power follow-through. Once a spark gap operates it effectively shorts the 

supply. 
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5.3.2 Arrestor Spacing 

It is difficult to protect distribution line insulation from direct strokes. Simulations 
show that arrestors may need to be put at every pole for adequate protection. 
Satisfactory results may be obtained if arrestors are used at every other pole, but the 
BJL at the unprotected poles would have to be kept high (no ground wires or guy 
wires at the pole). 
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Fig. 5.3.2 -Direct Stroke Flashovers vs. Arrestor Spacing 

For nearby strokes, the induced voltages are much less than the direct stroke 
voltages at the same stroke current level. 

5.3.3 Top Phase Arrester Usage 

The mechanics of top phase arrestor application are very similar to shield wire 
protection. When lightning hits the top phase, the top conductor will be effectively 
grounded after the arrestor on the top phase conducts. Like shield wire designs, 
performance is very dependent on ground resistance because of the ground potential 
rise. A drawback is that the arrestors may be exposed to excess energy. Arrestors on 
the top phase have the same problem as a shield wire design in that it is difficult to 
maintain a high BIL for the unprotected phases. The presence of an arrestor on one 
phase only will bring a neutral or ground wire closer to the unprotected phases. 
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5.3.4 Energy Concerns 

There is a concern that if arrestors are used to protect against direct strokes, 
failure will occur because of excessive energy. Direct strokes can discharge 
significant amounts of energy through a surge arrester. 

5.3.5 Aspect of Arrestor Failures 

Surge Arrestors do fail, usually as a result of repeated use, a very high surge current 
or a combination of both. This means, they have some form of life I imits [ 5]. 

When arrestors are used in large numbers, a consideration has to be given to the 
arrestor failures, which are likely to occur. Historically, arrestors on distribution 
systems have been failing at a rate of up to 1% or more [2]. The arrestor technology 
has undergone significant changes with the introduction of the Metal Oxide Varistors 
(MOVs). 

However, the consequences of arrestor failures will be more serious than ordinary 
flashovers of restorable line insulation, since they will require replacement of the 
arrestors and the line protection will be ineffective in locations with failed arrestors. 
In the light of this argument, the practice of applying arrestor sets on every pole of the 
line that is to be protected appears hardly worth recommending. 

Consequently, if arrestors are to be used for line protection they must be more widely 
spaced, so that the total arrestor population is not increased significantly. 

5.3.6 Arrestor Duty 

The subject of arrestor duty cannot be presented without considering the statistical 
aspects involved in determining how often an arrestor will be exposed to lightning 
stroke currents and what percentage ofthe stroke waveforms will be severe enough to 
damage the arrestor. Furthermore, for accurate prediction of arrestor energy 
absorption, it is very important to properly model not only the arrestors but their 
interactions with the distribution system, other arrestors, the distribution transfonners 
and customer load, since much of the energy duty is caused by the long duration (low 
frequency) components of the lightning stroke current waveform. 
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