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                                                                 CHAPTER 01 

INTRODUCTION 

1.1 Background 

Sri Lanka is an island situated between 50 to 100 in the North latitude and between 

790 to 820 in the East longitude in the Indian Ocean [1]. It is seasonally affected by 

two monsoon winds. The Southwest monsoon is from May to September and the 

Northeast monsoon is from December to February. There are also inter-monsoon 

periods and transition periods between the two monsoons. Convective activity causes 

rainfall during these inter-monsoon periods with thunderstorms and lightning is a 

frequent phenomenon during these periods. 

Lightning activity is a sudden, unpredictable, uncontrollable and dangerous 

phenomenon in nature. A large thunderstorm can produce over 100 lightning flashes 

a minute. Lightning is a major source for interruptions in electric power systems. 

Both distribution and transmission line are interrupted for hours or days due to 

equipment damage as they consist most parts of the systems with overhead lines 

which are exposed to the environment.   

It is most important to protect consumers and equipment connected to the electrical 

power distribution system from over voltages due to lightning. In this study main 

concern about distribution substation which is consumers directly interfaced.   

A direct stroke on substations or medium voltage line with no shielding and no surge 

protective devices affects possible insulation flashover (depends primarily on the 

stroke current magnitude), damages to the major substation equipment, substation 

outage and eventually results in financial lost. 

The most general method to prevent the possible damage to equipment and outage is 

using direct stroke shielding and Surge Arresters with good earthing. The earthing 

system provides an electrical path to the ground and performance of the earthing 

system gets better as the earth resistance becomes lower. 
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1.2 Statement of Problem 

Most of medium voltage distribution lines are often located in areas with high ground 

flash densities, because of that experienced power outage due to failure of equipment 

such as substations. With the development of the economy, there is growing use of 

sensitive electronic devices and equipment among consumers. Therefore, it is 

important to improve the reliability of the power system by preventing from over 

voltages. Lightning is one of common causes of over voltages.  Thus it is important 

to analyze and understand the behavior of lightning strike on medium voltage line 

and its effects on distribution substation in order to mitigate disturbances due to 

lightning. In the lightning prone regions transformer failures are prominent due to 

direct and indirect strikes causing failures due to other reasons. Different regions 

follow different distribution substation configurations, but lack of knowledge on 

which one gives higher protection against lightning. Therefore, it is important to 

study the lightning effect on different distribution substation configurations, so that 

the distribution reliability can be improved.   

 

1.3 Objectives 

The major objectives of this research are 

1.  To find out the effect of lightning on different substation configurations 

2. To find out effect of down conductor lead length and lightning arrester earth 

resistance on the transformer terminal and windings at lightning discharge. 

3.  To find out effect of surges transmitted to low voltage side of the transformer 

And 

4. To propose lightning protection system for distribution substations 

 

1.4 Purpose of Study 

Ceylon Electricity Board annually experiences significant financial losses due to 

lightning over voltages. The outage due to the substation failures of medium voltage 
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distribution system directly affect the consumers. Substation is the most important 

place of the network that consumers are directly interfaced. In the area under the 

purview of the area engineer Galle, 4-5 transformer failures are reported annually 

due to lightning. Therefore the problem of protecting the medium voltage 

distribution network from lightning should be considered thoroughly. For a better 

supply of quality power, it is to overcome short interruptions, voltage dips, total 

outages, and also damages to the power components connected to the system. Over 

voltages induced in the medium voltage distribution lines due to direct and indirect 

strike lead to flash over of related equipment. Purpose of this study is to protect the 

substations which is the main interface with the consumers. 

 

1.5 Literature Survey 

Past studies regarding this topic are limited and most of the studies are about 

lightning performance on the transmission and a distribution lines discussed through 

research papers. 

Sri Lanka is situated in lightning prone region. Therefore, it is important to study 

about the lightning protection. Geographical coordination of Sri Lanka can be found 

in Reference [1]. 

Chapter 2 of Reference [2] assists to understand the mechanism of breakdown of 

liquid insulations and solid insulations and also helps to understand the time duration 

required to breakdown of insulations. The mechanism of lightning, the frequency of 

occurrence of lightning and effects of lightning in transmission line are described in 

Chapter 3. Chapter 4 describes surges on transmission line and its behavior. Chapter 

10 helps to gain the knowledge about conventional and statistical insulation 

coordination and selection of surge diverters. 

The mechanism of transformer insulation breakdown and formation time lags for 

different impulse voltages are described  in the High Voltage Insulation Design            

(Chapter 8) of Reference [3]. It helps to calculate approximate time taken for the 

breakdown of transformer insulation with applied voltage. 
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Lightning Protection of Pole mounted Transformer and its applications in Sri Lanka, 

Reference [4], this paper presents measures for better lightning protection of pole 

mounted distribution transformers of Medium Voltage (MV) systems and has very 

good explanation of protection against direct strike. 

In Reference [5], the equation is derived for the calculation of number of lightning 

strikes to the Medium Voltage distribution line. Environment shielding of 

transmission line is also taken in to account to find out the number of flashes per 1 

kilometer of line. 

Reference [6], has very good analysis of lightning on distribution network in CEB. 

The high frequency transformer model used in above research is taken for analyzing 

work of this research.    

Reference [7], describes Lightning surge and arresters, and determination of arrester 

discharge current in the given area with given ground flash density. It helps to find 

out maximum arrester current in given area for environmentally shielded 

transmission lines or unshielded lines (exposed). Lightning flash density is known in 

the given area, then the incidence as function of amplitude can also predicted by 

using curves published in IEEE 62.22. 

Over voltages induced and transmitted to the secondary of the transformer are 

analyzed using the high frequency transformer model in the Reference [8]. Customer 

experienced voltage spikes with different lightning protections in MV networks has 

been presented clearly. Time-domain evaluation of induced overvoltage 

superimposed on AC voltage and concerning MV Spark-Gap operation is mentioned 

in this thesis. Studying the conditional probability of fault type changes due to 

induction effect of spark-gap operation in distribution networks has been also 

discussed. Experimentally verifying the high frequency model of distribution 

transformers with spark-gaps operations where three-phase operation has been 

evaluated in this dissertation. 

Reference [9], has related analysis of effects of placing the surge arrester in terms of 

voltage level measured at particular points. This paper presents the PSCAD/EMTDC 

based transient modelling of a three phase transmission line circuit for analyzing 
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their performance during lightning. The outcome of this paper would be the effect of 

surge arrester placement in terms of voltage level measured at particular points. 

Reference [10], discussed about simulation model of substation for transformer risk 

assessment and analysis. It is useful to evaluate the transformer failure analysis with 

the lightning. 

The effectiveness of most important method to mitigate transient over voltages in 

MV and LV Networks and an overview of the various types of over voltages 

appeared on overhead power distribution lines are presented in the Reference [11]. 

Reference [12] reviews various types of lightning ground flashes, current 

components relevant for protection and current parameters obtained from 

measurements. Verifying the lightning protection measures and methods are 

presented to simulate the lightning current in the laboratory. 

Reference [13] describes analyzing the behavior of lightning surges transferred to 

low-voltage lines due to direct strikes on medium voltage networks. In this research a 

high frequency model was developed for the distribution transformer to evaluate the 

surges transferred to the low-voltage line. The influences of the stroke current front 

time, ground resistance, and ground resistivity upon the over voltages in the 

transformer LV terminals were considered. The results of the comparisons between 

measured and calculated voltages indicate that the proposed model can be a useful 

tool for the evaluation of transferred surges, taking into account the compromise 

between accuracy and simplicity. 

Ground Flash Density and Lightning Exposure of Power Transmission line, 

Reference [14], discusses the lightning performance in transmission line and the 

Ground Flash Density along the line. In this research, analyzing the lightning 

exposure of the high voltage lines in Austria revealed several interesting results that 

peak currents of the flashes correlated with the outages are in a wide range. Some 

outages could be initiated by shielding failures due to flashes with a first stroke of 

small amplitude followed by strokes of a higher amplitude. 
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Reference [15], has analysis of the earthing resistance for surge arresters on the 

distribution network. The simplified analysis is based on lumped parameter circuit 

impedance values for a lightning strike, helps to calculate the over voltage of HT 

Terminal of distribution transformer. 

British Standard BS 6652:1992 for Lightning protection mentioned as Reference [16] 

Relationship between Ground Flash Density and keraunic level is shown. 

Calculating lighting performance in distribution lines is mentioned in Reference [17]. 

Mitigation of over voltages due to direct and indirect strike to the distribution line are 

also discussed. 

IEEE Standard 1410, Guide for Improving the Lightning Performance of Electrical 

Power Overhead Distribution Line, contains information on method to improve 

lightning performance in distribution lines. This guide identified factors that 

contribute to lightning cause faults on overhead distribution line and suggests 

improvement to the construction of lines, Reference [18]. 

Introduction to the PSCAD/EMTDC Version3 of Manitoba HVDC Research Center 

is a good guide for new users to study about the PSCAD and it guides to model the 

system components easily Reference [19]. 

 

1.6 Methodology 

A computer program for analyzing of lightning faults on a transmission line is an 

important tool for establishing line design practices and choosing the adequate 

lightning Protection techniques. PSCAD software is used for stimulation of the 

lightning strike to the distribution network and substations. All components 

associated with substation to be modeled in order to investigate the lightning 

performance. The high frequency surge models are considered for this analysis. Peak 

lightning current experienced by the arrester of the line in the given area can be 

found from the graph published by the IEEE C62.22 Standard. 
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Different methods of installation of substations in the area to be studied and modeled 

to find which has less impact due to lightning. There are few line arrangement to the 

substation can be seen in the field and all these arrangements take in to account for 

PSCAD modelling. With varying substation lightning arrester earth resistance values 

and down lead lengths voltage variations to be analyzed. For the lightning strike 

simulation, standard double exponential lightning current source built by using 

PSCAD is used. Infinite transmission line is considered as equivalent surge 

impedance connected to end of the line for analyzing work at Feeder origin side and 

side of line travelling long distance. High frequency transformer model with 

secondary side is used to find the surge transfer to low voltage side. 

 


