
Chapter 1 

Introduction 

During recent years, electricity customers expect a better quality of electricity supply. The 

advent of an information age heavily dependent on digital electronics technology has 

brought with it recognition that power quality (PQ) has become an important technical

economic issue for both electricity suppliers and many of their customers. 

There are three main classes of power quality disturbances: 

- Voltage disturbances, waveform distortion and transients. 

Transient overvoltages in electrical transmission and distribution networks result from the 

unavoidable effects of lightning strikes and network switching operations. These 

overvoltages have the potential to result in large financial losses each year due to damaged 

equipment and lost production. Transient overvoltages can be defined as one of the power 

quality problem and can be classified as being either impulsive (transients resulting from 

lightning strikes) or oscillatory (transients resulting from network switching). These 

transients move through the distribution network in different ways depending on their 

frequency content. The lower frequency oscillatory transients propagate in essentially the 

same way as the 50 Hz fundamental voltage. However, impulsive transients tend to move in 

a very different way which can give unexpected consequences. A full study of their effects 

requires travelling wave analysis. 

Lightning is an electrical discharge in the air between clouds, between different charge 

centers within the same cloud, or between cloud and earth (or earthed object). Even though 

more discharges occur between or within clouds, there are enough strokes that terminate on 

the earth and cause problems to power systems. When lightning strikes occur in or near an 

electricity distribution system, lightning currents are generated and conducted through the 

power system into connected equipment. Large impulsive transient overvoltages are 

produced as a result of this current flow. Lightning can strike directly to the phase 

conductors of overhead power lines producing very high magnitude transient overvoltages. 

Peak current can be up to 200 kA with voltages over 1 MV. 
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This situation usually causes power system faults that eventuate into supply interruptions 

and voltage sags throughout the distribution network. Lightning can also strike the overhead 

earth wire (shield wire) that is sometimes installed above the phase conductors to protect 

them from a direct lightning strike, or the tower or power pole itself. This can lead to what 

is known as a back-flashover to the phase conductors as the voltage on the earth wire or 

tower rises to become much greater than the voltage on the phase conductors. In addition to 

direct strikes, lightning can induce currents and voltages on power lines without touching 

them (known as an indirect strike). The large electromagnetic fields produced by lightning 

discharges can couple into the power network and produce induced transients. Lightning 

surges originate beyond human control, and their severity depends on many parameters 

determined by the point of impact of the lightning stroke and by the structure of the power 

system. 

However, while the structure of the power system is under human control, its parameters are 

generally determined by considerations other than lightning protection. Medium voltage 

(MV) distribution network of Ceylon Electricity Board (CEB) consists of 33 kV and 11 kV 

lines. The entire operation of CEB distribution is divided into four regions and each region 

comprises of two to three provinces. The Region 3 of CEB consists of three provinces 

namely, Western Province South 2, Sabaragamuwa and Uva. 

Uva province lies in the central part of the country. A large geographical variation can be 

seen throughout the province. Many waterfalls, mountains and difficult terrains are located 

within the province. Tea plantation is the main industry prevailing in the province while 

there are few other industries such as agriculture, manufacturing of sugar, garments etc. 

Tourism is also another important industry of the province especially in Nuwara Eliya and 

Badulla districts. MV network of Uva province consists with about 2444 km length of 33 

kV feeder lines which spread over three districts, namely Badulla, Monaragala & 

Nuwaraeliya. As the consumers are dispersed over the entire province with larger 

geographic area, the overhead feeders are running long distances through jungle, semi 

jungle, forest reserve, paddy field, and urban and rural village areas. Thus the lines are 

frequently exposed to natural disturbances like lightning. 

Medium voltage feeder tripping analysis shows that breaker trippings due to earth fault and 

over current are more than hundred per month, especially in the bad whether conditions like 
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heavy rain. Although, it is assumed that the main reason for these trippings is touching of 

way leaves causing earth faults, the assumption is not valid due to the fact that the number 

of insulators to be replaced after the bad weather season is high. Further it is observed that a 

large number of distribution transformers are damaged during this period causing heavy 

financial losses to CEB. 

Thus the major contribution for line tripping could be flashovers of insulators due to 

transient overvoltages in the MV network caused by lightning. The larger number of 

trippings degrades the quality of power supply to consumers and that will affect the image 

of the CEB. Further quality of supply causes heavy financial losses to CEB as well as to the 

consumers. 

Since a detail study of failure analysis of MV network related to transient overvoltages has 

not been done for the Uva province, an analysis on transient over voltage of MV network 

and proposing any mitigatory methods will be a good contribution for the improvement of 

reliability. Thus this research area has greatly motivated me to carry out a study on the 

above topic. Further I hope this is a part of my responsibility as Chief Engineer 

(Distribution Maintenance) of Uva province, who's responsible to carry out maintenance 

work in the MV network and to maintain the reliability and quality of the medium voltage 

supply. 

1.1 Scope of Study 

The main scope of this project is to study the behaviour of transient overvoltages in the 

medium voltage distribution network and identify relevant areas to be modified to improve 

the lightning and transient performance of the distribution network which includes: 

Study of MV network configurations in the Uva province 

Study of feeder failures and causes of outages 

Identification of a sample and data collection for the same 

Calculation of lightning performance of distribution feeder lines 

Study of shielding effect from near by trees 

Study of critical flashover (CFO) voltages for different flashover paths 

Measurement of flashover voltage of collected samples of insulators 

Study of TOV variation using computer models 

Proposals for improvements and modifications to the system 
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1.2 Literature Review 

Over the past 40 years or more, fully-fledged studies and research have been conducted all 

over the world on transient overvoltage in MV distribution lines, lightning phenomena, 

surge arresters and computer simulation. The fruits of such labours have made their way 

into lightning protection design guidelines at different times. As research advances, the 

number of lightning outages has been steadily falling, but lightning outages still account for 

a high percentage of failures on high voltage distribution lines. 

The Reference [1], "Lightning Protection evaluation and management risk", describes 

impact of lightning flashes and method to evaluate number of lightning flashes. Data of 

thunder days in different meteorological stations in Sri Lanka is given in this document. 

Lightning induced over voltages on power distribution lines, surge arrester behavior due to 

lightning induced voltages and magnitude of induced over voltages have been discussed in 

Reference [2], "Lightning-Induced Overvoltage". 

The source [3] "Lightning Protection of Overhead Power Distribution Lines" discusses the 

effect of lightning on distribution lines, transient overvoltages in lines and benefits of 

arrester installation. 

Types of lightning stresses, calculation of number of direct strikes to an overhead line and 

protection methods are discussed in Reference [4] "Lightning and HV electrical 

installations". 

"Lightning phenomena", Chapter 3, Reference [5] discusses mechanism of lightning, 

calculation of shielding angle of feeder line and traveling wave theory. 

IEEE Standard 1410, "Guide for improving the lightning performance of electrical power 

overhead distribution lines", Reference [6] contains information on methods to improve the 

lightning performance of overhead distribution lines. This guide identifies factors that 

contribute to lightning caused faults on overhead distribution lines and suggest 

improvements to existing and new constructions. 

Reference [7], "Introduction to PSCAD/EMTDC Version3" of Manitoba HVDC Research 

Center is a workbook designed to guide the user of PSCAD/EMTDC software through the 

use and application of PSCAD. This course material is prepared to help electrical power 

engineer into useful and essential studies of power systems and controls. 
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Properties of insulators and mechanism of surface flashovers are discussed in Reference [8], 

"Electrostatic and electrodynamics field analysis of33 kV line insulators". 

Types of fuses, reasons for nuisance fuse blows and improvements in fuse technology are 

contained in the Reference [9], "Protective equipment update" of Cooper power systems. 

Nuisance fuse blowing is also discussed in Reference [10]. 

New equipments improved for mitigation of transient faults are presents in Reference [11], 

"Lightning Protection Product" of Live Line Technology. 

Reference [12], "Lightning Induced Overvoltage on Overhead Distribution Lines" discusses 

the reduction of induced voltage stress by application of shield wire. 

Distribution standards and specification for MV pole lines and guide line for distribution 

system earthings are described in Reference [13] and Reference [14]. 

Reference [15]. "Activity of Cloud-to-Ground Lightning Observed in Sri Lanka" describes 

activity of cloud -to- ground lightning flashes observed during the monsoon thunderstorms 

over Sri Lanka with a lightning locating system consisting of two direction finders (DF). It 

also gives details of percentage of positive and negative flashes, average peak current and 

flash densities observed in different locations. 

Findings from tests and inspections of arresters withdrawn from service, the results of 

laboratory studies with multipulse lightning currents and high temporary over-voltages, and 

comparisons of in-service and laboratory failure modes are described in Reference [16], 

"Studies of In-service and Laboratory Failures of Metal Oxide Distribution Surge 

Arresters". 

Study of lightning performance of quadruple circuit transmission line behaviour towards 

lightning performance using ATP-EMTP simulation program is presented in the Reference 

[I 7]. Models use for surge arresters, overhead lines, towers and insulators are also 

discussed in this paper. 
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