
Chapter 2 

Statement of Problem 

2.1 Identification of the Problem 

Large number of feeder tripping in MV network of Uva province has substantially degraded 

the reliability and quality of the CEB power supply. Lack of attention to identify the cause 

of tripping has further aggravated the said problem and lot of consumer complaints from 

various part of the province are daily received. Thus, the CEB can't have a blind eye to the 

said complaint further as this will severely affect the day to day operation of CEB. There are 

many reasons why the consumers are not tolerated as in the past. The need for reliable 

electric power supply for thousands of consumer electronic products and sensitive 

manufacturing processes is growing more today than ever before. Minimizing the effects of 

transient overvoltage to power transmission and distribution lines is a major goal for every 

utility. This is paramount importance since momentary outages lasting even for a few 

milliseconds can trip machinery offline and cause financial and logistical headaches for 

many customers. 

Behavioural pattern and performance of MV network during transient overvoltage depends 

on parameters such as line configuration, Basic Insulation Levels (BIL) of equipments, 

application of surge arresters, availability of shield wires, lightning flash density, earth rod 

re~1stance and soil resistivity, etc. Thus this research is carried out to assess operational 

, ;pects of MV network and to evaluate characteristics of transient overvoltage of CEB MV 

· verhead line network. Finally based on the analysis mitigating solutions are proposed to 

improve the reliability and to enhance power quality. 

2.2 Study of MV Network Configurations in the Uva Province 

Uva province of CEB falls under the Distribution Region 3. It consists of four operational 

areas namely Badulla, Diyatalawa, Monaragala & Nuwara Eliya. These four areas are 

within the administrative districts Badulla, Monaragala & Nuwara Eliya. Uva province lies 

in the central part of the country. A large geographical variation can be seen throughout the 

province. Many waterfalls, mountains, tea plantations and difficult terrains are located 

within the province. 
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The existing medium voltage network of the province solely consists of 33 kV lines. Six 33 

kV feeders are originated from Badulla 132/33 kV Grid Substation (GSS) and six 33 kV 

feeders are emanated from Nuwara Eliya 132/33 kV Grid Substation. In addition to this 

there are seven feeders originating from four grid substations in the adjoining provinces. 

Table 2.1 summarizes the details of existing distribution network of the Uva province. 

LT Line HT Line Number of 
Area Length Length Substations 

Km Km 

Badulla 1889 591 375 

Diyatalawa 1996 625 333 
' 

Nuwaraelliya 2086 653 407 

Monaragala 1086 339 266 

Total 7057 2208 1381 
-- --

Table 2.1- Break up of existing distribution network of the Uva province 

The existing MV overhead lines made up of various lengths with different tower and pole 

configurations and erected through different terrains serving their electrical loads. Some 

overhead lines in the system are installed on high ridges which are predominant in the 

region exposing and making them vulnerable to lightning. 

To study the behavioural pattern of transient overvoltages in over head lines, following data 

such as feeder lengths, type of structure (Tower, Concrete pole or Wooden pole) and their 

heights, span lengths, availability of shield wire and their position, shielding angle, 

grounding rod resistance, soil resistivity, surge arrester availability and BIL values of each 

components were studied. The 33 kV network consists of 1914 km length of Raccoon 

conductors, 40 km length of Lynx conductors, and 450 km length of Weasel conductors. 

The shield wire of the 33 kV pole lines is fixed under the phase wire. Table 2.2 shows the 

basic data of existing 33kV feeder lines [13]. 
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Type of Average Line Shield Number of Insulators 
Structure Height Arrang- Wire Tension Suspension/ 

ement Availability Post 

Tower 14m Delta Over built 3 3 
Lattice Pole 11m Delta Over built 3 1 
Steel Pole 9.2m Flat Under built 3 1 
Concrete Pole 9.2m Flat Under built 3 1 
Wooden Pole 9.2m Flat Under built 3 1 

- ---

Table 2.2- Details of 33k V feeder lines 

Out of six feeders starting from Badulla Grid Substation, Namunukula feeder was selected 

as the sample feeder line for this research, which feeds load centers in different 

geographical areas. This feeder line has total line length of 274 km and consists of tower, 

concrete and wooden pole structures. About 80% of its line length covers high altitude areas 

(800 m to 1500 m above MSL) such as Badulla, Passara, Ella and Banadarwela. 

Meteorological stations at Badulla and Bandarwela record their lightning flash densities as 

92 and 144 thunder days respectively [1]. 

Remaining part of the feeder line lies in lower elevation areas (less than 200m above MSL) 

such as Wellawaya, Buttala and Thanamalwila. The data recorded at the meteorological 

station in Hamanthota (52 Thunder days) can be considered as flash density in the said 

areas. A line length of 88 km from Badulla to Thanamalwila can be considered as the main 

feeder line. Remaining length of 186 km consists with large number of spur lines with 

different line lengths connected to the main feeder line. Fig. 2.1 shows the geographical 

illustration of the Namunukula feeder and indicates various lengths of spur lines connected 

to the main feeder. 

Variation of soil resistivity at different elevation is illustrated in the Fig. 2.2. 

The main feeder is protected from ElF and 0/C faults by the circuit breaker installed at 

Badulla Grid Substation. Two Auto Recloser units are fixed at strategic places to protect the 

feeder from downstream faults. Lengthy spur lines are connected through a DDLO fuse 

which is rated for electrical loads in downstream. 

8 



Koslanada 

Namunukula 

Fig. 2.1- Geographical illustration of the Namunukulafeeder 
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Fig. 2.2- Variation of soil resistivity with the feeder elevation 

This feeder is made up of tower and pole lines. The main feeder from Badulla to Wellawaya 

consist of tower structures and the remaining part with concreate and wooden poles. Due to 

the variation of line height, insulation levels and availability of shield wire, performance 

against transient overvoltages differ from tower line to pole line. The major part of the 

Namunukula feeder ( 72% of it's total length) consist of pole lines and propotion of tower 

line to pole line can be illustrated as in the Fig. 2.3. 
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Pole Lines __ 
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Tower Lines 

Fig. 2.3- Tower and pole line lengths of the Namunukulafeeder 

Also, it is important to identify the number of spur lines and their lengths to understand the 

behaviour of transient overvoltges and details are shown in the Fig. 2.4. 
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Fig. 2.4- Spur line lengths of the Namunukulafeeder 

I hese data reveals that Namunukula feeder consists with large number of spur lines having 

,h()rt lengths, but it can be seen that over 10 km length spur lines are also available. 
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Overhead shield wire is available in most of tower lines. Shield wires are grounded 

conductors to intercept lightning strokes so they cannot directly strike the phase conductors. 

Typically the line is considered to be effectively shielded when the angle between the line 

from the overhead shield wire to protected conductor and the vertical is less than forty five 

degree. [ 4]. 

Lightning may have a significant effect on a line's reliability, especially if its poles are 

higher than the surrounding terrain. More flashes are collected by taller structures. Since 

pole lines are comparatively lower than the tower lines and considered as shielded by 

nearby taller trees, the earth wire is designed to fix under the phase wires in pole lines. 

Phase wires of pole lines (Spur lines) are directly connected to phase wires of the main 

feeder. DDLO fuse links are used in some spur lines to protect them from earth faults. Due 

to installation difficulties, under built earth wire of pole line is not connected to the shield 

wire of tower line but connect to the tower structure. The way of connecting spur line (Pole 

line) to a tower line is illustrated in the Fig. 2.5. 

E 
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Fig. 2.5- Tower and pole line connection 
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2.3 Bad Weather and Pattern of MV Feeder Failures 

Some overhead lines in the system are installed on high ridges which are predominant in 

this region, exposing and making them vulnerable to lightning. Overhead lines that are 

much longer and having more spur lines are also seems to be less reliable. Thus the analysis 

is focused in this research on following areas based on failure reports. 

Causes for failures 

Effect of whether related phenomena 

Specific areas vulnerable to transient overvoltages and 

Specific equipments vulnerable to transient overvoltages 

Feeder trippings due to earth fault and over current are recorded in the Grid Substations and 

other MV breakdowns are recorded in the relevant Consumer Service Centers. But instances 

of transient disturbances resulting in momentary degradation of power quality (ex: Voltage 

sags and surges) were not recorded in the system and, as a result, were not analyzed in this 

assessment. Many disturbances and feeder trippings are caused by weather related incidents. 

Rain fall data in this region were studied and details are shown in the Fig. 2. 6 (Data of 

Welimada Estate). These data indicates that bad weather conditions were prevailed during 

the months of January to April and in the period of August to December. 

Rain Fall Data {mm)- Bandarawela, Year 2008 

4(o(o 

35Ct +---
3(1(1 

.--

I 

r~==-- ... [JTI·············· 
i 

loYI t ~=~ -=~-~=~= ---~-~ ~- -= ~~ jn_:;:[t - -Ito~n.:: - -suL 
250 

200 

15C• 

Jan Feb l'.'lar Apr F.lav Jun Jul Aug So;:p 0 ct f'J•:OV De.: 

Fig. 2.6- Rainfall data in Bandarawela area, Year 2008 
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Details of feeder trippings in Badulla grid station due to earth fault and over current for the 

year 2008 is shown in the Fig. 2.7. These details reveal that some feeders have over fifty 

feeder failures during the rainy periods. All the feeder failures follow the same pattern in 

bad weather. 
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Fig. 2. 7- Earth Fault and Over Current trippings 

A review of past data showed each outage could be categorized as being due to one of six 

distinct failure initiating events: 

-Way Leaves Problems 

- Conductor Problems 

-Insulator & Surge Arrester Failures 

- Fuse Failures 

-Transformer Failures 

- Other Reasons 

Fig. 2.8 shows the analysis of monthly MV breakdowns in the Uva province for the year 

2008. A key finding ofthe failure analysis is that the number of fuse failures is considerably 

high. Also events such as transformer failures, insulator failures and fuse failures follow the 

same weather pattern. 
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MV Failures -Year 2008 
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Fig. 2.8- Monthly MV failures in the Uva province. 

2.4 Transient Overvoltages Related Failures 

A transient can be a unidirectional impulse of either polarity or a damped oscillatory wave 

with the first peak occurring in either polarity. An impulsive transient is a sudden, non

power frequency change in the steady state condition of voltage, which is unidirectional in 

polarity and it is normally characterized by their rise and decay times. The most common 

cause of impulsive transient is lightning. Lightning strikes can cause momentary outages 

and power quality problems [2]. The mechanisms which influence the induced voltage on 

o \ crhead lines from nearby lightning strokes have been reported by many researchers in the 

last decade. 

An oscillatory transient is a sudden, non-power frequency change in the steady state 

condition of voltage, which includes both positive and negative values. Oscillatory 

transients can be originated from switching actions. The most important transient 

overvoltages mainly originated in a lightning stroke occurring either on the MV network 

side or near to LV network. 

The other causes of transient overvoltages are 

Line/Cable switching (due to reflection of traveling wave) 

Capacitor bank switching (Not prominent in this region) 

Transformer energization. 
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Connection/ Disconnection of loads 

Tripping of fast breakers/fuse operation [3] 

Fig. 2.9 shows the total number of MV failures during the year 2008 in Uva province 

relevant to each major event. It reveals that 28 numbers of transformers were failed during 

the year 2008 and it is 2% of the total population of transformer in the province. This failure 

rate is much higher value than the globally accepted value of 0.5 % of the population. The 

main suspected reason for transformer failures is noted as lightning in failure reports. Also 

51 numbers of lightning arresters and MV insulators were damaged during the year 2008 

and lightning is the main causes for damages. Fig. 2.10 shows some samples of damaged 

insulators by flashovers or by an unknown reason. 
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Fig. 2. 9- Analysis of MV failures in the Uva province 
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Fig. 2.10- Damaged insulators by flashovers or by unknown reasons 
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Since failures due to touching of way leaves or short circuiting of conductors are reported 

separately, the cause for recorded fuse failures can be considered as nuisance fuse blows. 

Data relevant to fuse usage in four consumer service centers were analyzed to study any 

dependency with transient overvoltages. Especially low current range of HT fuses such as 

2A, 3A, SA and 6A are used to protect distribution transformers and high current range of 

fuses over 6A are used to protect spur lines from its earth fault and over current faults. In 

the distribution sub stations in CEB network, DDLO fuses are fixed at the source side and 

lightning arresters are installed at the transformer side. L T fuses are also used to protect 

transformer from it's over current and earth faults at L T side. The distance between the 

DDLO fuse links and the transformer is very short; hence the chances for short circuiting or 

touching of way leaves are limited. Therefore, the reason for blowing of HT fuses in 

distribution sub station is hardly to think as 0/C or ElF. Reason for this type of nuisance 

fuse blowing may be due to lightning. By analyzing the number of fuse usage by each CSC, 

it can be seen that a large number of fuses were used during the year 2008 and this amount 

is considerably high when compare with the total number of substations. Fig. 2.11 and 

Fig.2.12 shows the usage of fuses by these CSCs. 
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Fig. 2.11- HT fuse usage for sub stations and spur lines. 

Identification of failures and damages due to transient overvoltages is not an easy task. 

rherefore some of the events such as transformer failures, fuse blowing (Not relevant to 

earth fault or over current), failure of lightning arresters and insulator failures can be 
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considered as lightning related failures. Fig. 2.13 shows that about 3 7 % of lightning related 

failures can be observed from the total MV failures of the Uva province. 
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Fig. 2.12- HT fuse usage and number of sub stations. 
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Fig. 2.13- Lightning related failures in the Uva province 

A key finding of the failure analysis is that the whether related events account for over half 

of the feeder outages recorded. Insulation breakdown damage due to lightning is also 

suspected at least a dozen of the equipment failures observed. Therefore it is clear that 

failures due to transient overvoltages play a major impact to the reliability of MV network 

and hence study of transient overvoltages and mitigation measures are very important to 

improve the quality of power supply. 
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