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    CHAPTER 1 

   INTRODUCTION 

1.1 Background 

At present, electricity has become an essential commodity of the modern human life. 

People use various electrical appliances and equipment to uplift their living standard 

comfortably and in recent years it has been improving rapidly. Due to that demand 

for electricity has increased considerably. To satisfy this demand, electric utilities 

have had to improve the reliability of their power supply and upgrade capacities of 

their power network. Moreover utilities are now more concerned about the quality of 

their distribution network, because now the consumers are expecting uninterrupted 

quality supply throughout the year.  

A quality and reliable power supply is an essential inevitable pre-requisite for the 

technological and economical growth of any country. In many regions of the world, 

customers demand higher level of reliability from their electrical power supply. 

Ceylon Electricity Board (CEB) is the main utility of electricity in Sri Lanka. The 

CEB distribution network consists of medium voltages of 33kV and 11kV, low 

voltage and domestic service lines. Major portion of medium voltage network is 

overhead lines while some portion of cable system in Colombo and Kandy municipal 

limits is underground. The low voltage network consists of overhead bare conductor 

lines, aerial bundled conductors and LV underground cable system especially in 

Colombo and Kandy municipal limits.   

In Sri Lanka, majority of MV networks are going through areas with vegetation, hilly 

and polluted areas etc. Hence, it has been vulnerable to many system faults due to 

touching branches of trees, insulators flash over due to lightning, switching, 

operations and the insulator flashover due to environmental pollution etc. in the 

distribution network. 

The vegetation management system of a network is more important to maintain the 

continuity of reliable electrical supply. CEB has to face so many obstructions from 
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the public in clearing of tree branches which are more important to maintain safety 

clearance of the MV lines to the vegetation. In rainy and windy days the situation is 

worst. Hence the CEB has to conduct awareness programme to the public in order to 

clear regard and clear tree branches in an effective manner. 

The polluted environment is another main cause of flashover of insulators. The 

insulator begins to fail when the pollutants that exist in the air settle on the surface of 

the insulator and combine with the humidity of the fog, rain, or dew. The mixture of 

pollutants and the humidity form a layer that can become a conductor and allow 

passing currents that will facilitate the conditions of short circuit through the 

insulator surface. This is due to a decrease of the resistance of the insulator surface. 

Unless there is a natural cleaning or an adequate maintenance, the electrical activity 

will be affected by a possible flashover in the insulator. 

Pollutants and the sources that produce them are described in Table 1.1. 

 Table 1.1 Type of pollutions effect for flashover of insulators and their source 

Pollutants Source of pollution 

Salt 
Coastal areas, Salt Industries, Highways with deposit of snow 

where salt is used to melt the snow 

Cement Cement Plant, Construction sites, Rock quarries 

Earth Earth moving on construction projects 

Fertilizers Fertilizer plants, Frequent use of fertilizers in cultivated fields 

Metallic Mining  and Mineral handling processes 

Coal 
Coal mining, Coal handling plants/thermal plants, Coal 

burning/brick kilns areas 

Volcanic ash Volcanic activity areas 

Chemical Wide variety of chemical/process industries, oil refineries... 

Smog 
Automobile emissions at highway crossings, Diesel engine 

emissions at railway crossings / yards 

Smoke Wild fire, Industrial burning, Agriculture burning 
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The level and the type of pollution of a region are associated with the sources of 

pollution, as well as with weather factors of the area. (The flashover can be produced 

these phases have not to happen consecutively but that several phases can occur at 

the same time). 

Out of the many factors that contribute to insulator pollution, two types can be 

distinguished, namely the industrial and saline pollution. 

A. Industrial Pollution 

Industrial pollution of the insulators appears with the development of industries and 

by the contaminants generated and expelled to the atmosphere, being possible of 

diverse types; metallurgical, chemical substances, dust, smoke, cement etc. These 

substances will settle by the action of the wind, weight, electric fields etc. on the 

insulators creating a contaminant layer. This layer settled on the insulators is formed 

slowly during a period either months or years.  

The best way to establish the behaviour of the insulator against this type of pollution 

is to control the behaviour of the amplitude of the leakage current with respect to 

time, or to the load of the leakage current accumulated during a certain period of 

time. Then it will be possible to see whether the activity of the pollution increases 

with the time and also the effect of the rain (natural wash) will be seen. In this way, 

we will be able to decide whether we have to do an artificial cleaning (maintenance) 

or whether with the natural wash is sufficient to avoid a dangerous layer to be 

formed. 

Among the contaminants sources that characterize this type of pollution, we have to 

keep in mind the characteristic sources of industrial pollution as well as other sources 

that enlarge the problem. 

B. Saline Pollution 

The insulators exposed to coastal or saline environments, can become conductive due 

to formation of a conductive layer on its surface. This layer will be formed on 

account of the salted morning dew in these zones close to the coastal areas. When 
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dried with the heat produced in the same insulator or with the outside temperature 

deposited in the insulator, and evaporates salt that had been absorbed before. The 

particles settled on the insulators are not dangerous in dry weather but, the problem 

arises when the environmental weather is humid, when it rains or when there is dew, 

fog etc, and then the layer can become a conductor. The conductivity of this layer 

will depend on the kind of salt that forms it. The weather conditions vary 

considerably from the coastal areas to the interior areas and they play a very 

important role in the contaminants deposition rate and in the operation of the 

insulator. The problem of pollution depends mainly on the environment. The saline 

pollution exists not only in the surrounding area of the coast, but also to considerable 

distances by the action of the wind. 

The danger of the pollution will depend on the type of material and on the form of 

the surface. Also the sources of pollution and the way of deposition of the pollution 

must be investigated. The wind is the main bearer of the pollution and the others 

being the gravity and the electric fields. The pollution will depend also on the 

direction of the wind for a greater or smaller pollution of the insulators. 

1.2 Flashover Mechanism – General Theory 

During wet atmospheric conditions like light rain or fog the contamination layer on 

the surface of the insulator gets wet and promotes leakage current flow along the 

surface. The heat dissipated during the flow of leakage current evaporates the 

moisture on the surface of the insulator. This evaporation leads to the formation of 

areas termed as “dry bands.” Dry bands tend to form near the surface of the insulator 

parts where the diameter is the smallest, because of the high current density in those 

parts. A concentration of voltage stress is formed around the dry bands as the surface 

resistance of the dry bands is much higher than the conductive contaminated surface 

film. Subsequently the dry band will break down causing an initial partial arc over 

the surface. After the formation of a partial arc it will propagate if the voltage 

gradient ahead of the arc, which is the voltage gradient of the pollution layer, is 

greater than that of arc gradient. This is due to the fact that ionization of the path 

ahead of the arc by the increasing current at every instant which enables the arc to 
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proceed. When the arc propagates across the contaminated layer bridges the whole 

insulator a flashover will occur. The flashover triggers a power arc that results in the 

interruption of power supply and may damage the insulator temporarily or 

permanently, depending on the severity of flashover. 

Though the study of the process of contamination flashover has been done for many 

decades at different labs and at outdoor locations across the world, the understanding 

of the physical process is not completed even now. This can be attributed to the 

intense complexity involved in the flashover process. Also, the numerous parameters 

involved in the process of flashover make it even more difficult to understand the 

process completely. As an example it has been observed in service that flashover 

voltage depends upon various factors but is not limited to such as, the polarity of 

voltage, particle size, non-uniform wetting, the size and nature of the pollutant 

surface conductivity, wind, washing, diameter and profile etc. of the insulator. 

The insulator flashover due to saline or rather industrial pollution has gained special 

importance in Sri Lanka in recent years and such distribution systems are operated in 

polluted areas. This problem will maintain its importance and even may become 

more severe because of: 

a.   The construction of more bare conductor overhead transmission/distribution     

  lines in coastal areas due to the growing demand. 

b.   The increase in transmission voltage. 

c. The quick spread of industrial areas. 

d. Irregular rainfall pattern throughout the year.  

Therefore, prevention of faults in the network is a primary concern while improving 

reliability of the power supply.       

Therefore, this case study will help to find a feasible solution to overcome the above 

problems in order to minimize the trippings due to insulator flashover and vegetation 

in the RF - 9. 
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1.3 Motivation 

The insulator failure due to saline pollution in particular is a problem that 

continuously plagues distribution systems. The priority 33 kV feeder of Ratmalana 

Grid Substation (GSS) namely Ratmalana Feeder - 9 (RF - 9) which feeds power 

from Ramalana GSS via Ratmalana Economic center,  Angulana PSS to Moratuwa 

PSS causes frequent failures due to flash over of insulators. 

Outcome of this study will be useful to find out a solution to minimize the above 

problem and provide continuous power supply to consumers in these areas. This 

enhances their living style and carries out their business, achieving quality and 

reliability of the power supply. That enhances the customer satisfaction and uplifts 

image of the CEB.  

This is to set guide lines for proper planning of maintenance schedules to treat the 

polluted insulators periodically.  

The understanding of reliability concepts and its proper application would lead to 

improve the consumer satisfaction. Also, the reliability improvement will have a 

definite positive effect on industries which in turn improve and financial gain to the 

economy of the country.  

1.4 Objectives 

 Find the solution to improve the reliability of a selected feeder in order to provide                       

uninterrupted power supply to the consumers in the Moratuwa, Rawathawatta   

and Angulana area specially reduction of flashover problem. 

1.5 Scope of work 

 Collect outage data of the RF - 9 during past 5 years. 

 Collect and study daily load of RF - 9. 

 Collect and study daily load data of 11kVfeeder of Lunawa and Gurupalliya. 

 Collect data of energy meter readings from LECO and CEB substation to   

 calculate unserved energy. 
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 Study the types of pollution which occurs on insulator flashover. 

 Find information on saline pollution and methods to minimize the flash over. 

 Current rating of different type of conductors and UG cables. 

 Advantages of specific features of different type of conductors and UG 

 cables. 

 Study the reliability of different technologies. 

    Analyze the results and co-related with the IEC regulations to make concluding 

  remarks. 

  Study about hot washing of insulators.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




