
Chapter 7 

Conclusions 

Reasons for over half of the feeder failures and MV breakdowns are caused by weather 

related incidents. During the year 2008, transformer failure rate was 2% of its total 

population and much higher than the acceptable level (0.5% ). The main reasons were 

damages due to lightning. Since no specific reason is reported for HT fuse failures in 

substations, a large number of HT fuse failures can be considered as nuisance fuse blowing. 

About 3 7 % of lightning related failures can be observed from the total MV failures of the 

Uva province. Therefore it is clear that failures due to transient over voltages play major 

impact to the reliability of MV network and hence study of transient over voltages and 

mitigation measures are very important to improve the quality of the supply. 

Most of the 33kV feeder lines in the Uva province are very lengthy (over 250km) and cover 

different geographical areas. These lines consist of both tower and pole line combination 

and most of the spur lines are having short distances, but over 1 0 km length of spur lines 

are also available. 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. 

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

this region, exposing and making them vulnerable to lightning. Study of shielding effect 

reveals that in some of the spur lines, nearby trees are not high enough to protect the lines 

t'rom direct strokes. Therefore, the shielding factor can be considered as less than 0.5 for 

this type of lines. 

Therefore, direct connection of spur lines (Pole Lines) to tower line affect the performance 

of the main feeder. It is recommended to fix surge arrester at strategic points in poor 

performing pole lines to improve line performance. Line performance in pole lines which 

are not shielded by nearby trees can be improved by adding overbuilt earth wire and 

reducing the span length of grounding points. 
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Estimated flashover rates (Direct and Induced) of feeder lines reveal that feeder lines which 

are having more line length, running over high ground flash density areas and having more 

spur lines are subjected to more flashovers. Feeder 6 (Passara feeder) shows the most poor 

lightning performance (291 flsahes/year). 

Since the cross arm assembly is earthed in pole lines, the lowest CFO level is found for 

flashover path from phase wires to earth wire through pin insulator (180 kV). The BIL value 

of the stay insulator is 30 kV, therefore the next flashover path having lowest CFO value is 

flashover through pin insulator to stay wire. Test values show that most of the surface 

damaged insulators satisfy the designed insulation levels, but insulators covered with moss 

are having less insulation level. Thickness and severity of deposited pollutant may increase 

with the aging of the feeder line and found that age of most of the feeder lines are over 10 

years. 

Lightning surges continue to be the major cause of premature transformer failures. Fast rise 

time surges that generate excessive voltage through the primary arrester and connecting 

leads may affect the surge performance of distribution transformers. Arrester lead length 

becomes critical during a lightning discharge because it generates high voltage stress which 

may fail distribution transformer. Hence, it is recommended to construct substation with 

zero lead length to minimize damage by transient overvoltages. Therefore it is 

recommended to revise the specifications and drawings in CEB construction manuals. If 

arrester and DDLO fuse link can be connected in a parallel combination to the transformer 

tank then the advantages described above can be achieved. Also, laboratory test should be 

done to identify the cause for failed transformers and then to revise specifications for BIL 

values and their protections. 

Sensitivity studies using PSCAD models reveal that in case of strikes to phase w1re, 

transient overvoltage exceeds up to mega volt range. But, introduction of shield wire 

reduces the risk of flashovers from direct and induced stokes. Transient overvoltage is 

higher in places close to the striking point. Also, voltage stress increases with high earth rod 

resistance values. This is same for high soil resistivity values, especially in high altitude 

areas. 
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Simulation of surge arrester performance shows that with the increase of surge current, the 

peak voltage, arrester current and energy absorption increases simultaneously. High surge 

currents (over 1 0 kA) cause very high energy dissipation across the arrester causing arrester 

failure. Therefore it is recommended to maintain low earth rod resistance (below 12 Q) to 

achieve expected protection for distribution transformer. Testing and early identification of 

arrester performance is a key step to be taken to minimize transformer failures. 

Connecting lightning arrester at source side reduces nuisance fuse blows. Whether or not a 

fuse will be blown by a lightning surge can be determined by measuring the ampere-square 

second (I2t) ofthe surge current and comparing it with the I2t level required to melt the fuse. 

Use of multiple element design fuse links (D link) with high surge (et) capability is a 

solution for nuisance fuse blows. Use of lightning proof fuse is another application to 

reduce it. High rate of HT fuse blowing can be minimized by having a proper coordination 

between HT and L T fuses. 
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