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CHAPTER 5 

 
MEASURES TO MINIMIZE TRANSFORMER FAILURES 

  

Distribution transformers are failed due to many reasons. The major reasons for 

failures have been described in chapter 4. When analyzing the failures, it has been 

identified that most of those failures can be minimized.  

 

5.1 Lightning Surge Protection 

 

5.1.1 Earth Electrode Resistance < 10Ω  

 

The recommended maximum value for the surge arrestor earth electrode resistance is 

10Ω. Earth electrode resistances for randomly selected distribution transformers in 

Ambalangoda and Galle area in Southern Province are shown in table 5.1. 

 

Table 5.1: Transformer earth electrode resistances 

No Area 
Substation 

Name 
Sin No 

Surge arrestor 
earth electrode 
resistance (Ω) 

Neutral earth 
electrode 

resistance (Ω) 

1 Galle Singer Kade GH055 23 25 
2 Galle Kalubowitiyana GT220 39 30 
3 Ambalangoda Walahena AE315 26 21 
4 Ambalangoda Bambarawana AT180 9.7 27.5 
5 Weligama Mirissa new WA349 25 30 
6 Weligama Kambiadiya WB341 34.5 26.5 
7 Matara Thalahagoda MK420 12.8 17.3 

8 Matara Galkanda MH190 12.5 7.5 

9 Tangalle Henakaduwa TT270 6.6 9.4 

10 Tangalle Nakulugamuwa TB370 14.6 15.2 

11 Hambantota Lunugamwehera HK285 19.9 17.6 

12 Hambantota Gothameegama HK170 12.5 11.5 
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Earth electrode resistance values in table 5.1 show one of the main reasons for 

transformer failure due to lightning. Therefore, the best thing to do first is to 

maintain the surge arrestor earth electrode resistance values below 10Ω.  

 

Concrete earth electrode is one of the best way to achieve low electrode resistance 

values. If one electrode is not sufficient, several parallel electrodes can be introduced 

to achieve the required value.  

 

Theft of copper has become a menace because of the transformer without earth leads 

operate unnoticed until it failed. This can be eliminated if alternative material is 

introduced for earth cable. As in the lightning currents, only the skin of the earth 

cable serves (due to very high rate of rise of the current wave) usage of copper clad 

steel for the earth cable can be investigated. As it is not possible to extract copper 

from copper clad steel, will reduce theft of copper cables. Another option would be 

to draw the earth cable inside the pole, during pre cast with a conduit inside.  

 

5.1.2 Replacing Failed Surge Arrestors 

 

CEB doesn’t have a facility to check the functionality of surge arrestors installed in 

distribution substations. There are many old surge arrestors still used in distribution 

substations and it has been assumed that all are working properly. But technically 

this is unacceptable. Practical situation after a failure of distribution transformer is 

replacement of old surge arrestors with new one. But this is not a solution for 

minimizing transformer failures. Therefore it is recommended to replace old surge 

arrestors with new surge arrestors rather than waiting till the transformer fails.  

 

Thermal images are used by some utilities to detect hot arrestors. If the arrestors are 

weak and leaking current in to the ground at normal operating voltages, it develops 

heat inside. These weak arrestors are easily detected by thermal imaging. 
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5.1.3 LT Surge Arrestor Installation 

 

Lightning surges comes from LV side is another reason for distribution transformer 

failures. Installation of LV surge arrestors is the solution to minimize this failure. 

Frequent failures of distribution transformers and bulk supply metering units 

installed at Television transmission stations in Gongala mountain Deniyaya were 

reported. As a pilot project, LV surge arrestors have been installed at the distribution 

substations in Gongala peak eight months ago and no failures were reported 

thereafter.   

 

 
Figure 5.1: LV surge arrestor installed at Gongala (TNL transmission station) 

 

5.1.4 MV Surge Arrestor Location 

 

As per the revised CEB standards for distribution substation, it has been decided to 

install surge arrestors on a bracket which is mounted on distribution transformer tank 

to minimize the distance between surge arrestor and MV bushing. This method 

should be applied for the old substations especially in lightning prone areas.  
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5.2 Proper Fuse Selection 

 

Physical size of the distribution transformer is the main factor considered by the field 

staff to recognize its rating and fuses are selected accordingly. But this is completely 

a wrong practice and makes several mistakes. It is recommended to mention fuse 

capacity on the transformer tank. This will minimize erroneous fuse selection by 

field staff.  

 

Lack of proper training to field staff about correct fuse selection is one of the main 

drawbacks identified by study. It is highly recommended to train all the field staff 

who involves in refusing. 

 

5.3 Overload Protection 

 

It has been identified that there is a higher probability of the overloading of 

distribution transformers in the present system and discussed in previous chapters. 

The main function of the primary side DDLO expulsion fuse is isolating the 

transformer due to its internal faults and secondary side short circuit conditions. 

Overload protection is not expected from it. Therefore, a secondary side fuse should 

be properly selected to protect the transformer from damaging by over current. The 

possibility of overloading 100kVA and 160kVA transformers are high and it is found 

that 15% of transformers have at least one phase loaded beyond its rated value.  

 

5.3.1 Limitation of number of outgoing Feeders 

    

Limitation of LV feeder from a transformer is another option to protect transformer 

from overloading. The present CEB system has an average of three number of LV 

feeders per transformer for capacity of 100kVA and 160kVA. For the rest of the 

ratings, number of LV feeders increases with the transformer kVA.  
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5.3.2 Augmentation of Transformers before Overloading 

 

Provincial system planning unit has the main responsibility of identifying the 

transformers to be augmented before overloading it. The identified augmentation 

proposals shall be implemented by the provincial construction branch by giving 

higher priority. The present situation is unacceptable when considering the number 

of transformers failing due to overloading annually. 

 

5.3.3 Load Readings  

 

Peak and off-peak load reading values are available at system planning branch and 

those values are updated once in two years. If the obtaining of load reading values 

for each year is not practical, projection of load values by considering its load growth 

is recommended for the years when load reading values are not measured.  

 

5.3.4 Timely Planning  

 

It has been observed that there is a large number of transformers in Southern 

Province which are already overloaded or very close to getting overloaded. Some of 

those have been identified by the system planning branch and some are not identified 

yet. There is a delay in implementing augmentation proposals by the construction 

branch due to various reasons, such as objections from land owners, lack of staff, 

vehicles, materials etc. Therefore, it is necessary to implement proper procedures to 

timely planning and implementing of augmentation proposals to protect transformers 

form getting overloaded.  

 

5.3.5 Balancing of transformer loads 

 

It was noticed that phase overloading of transformers was not much focused and who 

only focus about the total kVA load. Table 5.2 tabulates some examples of 

transformer loading data which are having at least one phase overloaded due to 

unbalance loading.  
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Table 5.2: Examples for transformers having one phase overloaded in Ambalangoda Area [9] 

Location 
Capacity
(kVA) 

loading 
% 

Feeder
Current (A) Remarks

Phase 1 Phase 2 Phase 3  

Dhammakusala 
Mawata 

100 75 

F1 39 43 28 
Phase 3 
over 
loaded 

F2 12 28 75 
F3 26 23 54 
Total 77 94 157 

Belgiyanu 
gama 

100 70 

F1 12 54 40 
Phase 2 
over 
loaded 

F2 37 70 10 
F3 25 23 32 
Total 74 147 82 

Habakkala 100 91 

F1 46 55 80 
Phase 3 
over 
loaded 

F2 5 13 38 
F3 28 30 80 
F4 9 5 5 
Total 88 103 203 

Sahana  160 88 

F1 110 90 110 
Phase 3 
over 
loaded 

F2 12 26 100 
F3 15 25 30 
F4 22 45 38 
Total 159 186 278 

Gonalagoda 160 76 

F1 14 38 80 
Phase 3 
over 
loaded 

F2 38 32 125 
F3 60 100 42 
Total 112 170 247 

 

Proper balancing of transformer loads is highly necessary to overcome the above 

issue. Area Maintenance Units (AMU) have the main responsibility of balancing the 

transformer feeder loads. Proper training and guidance should be given to AMU staff 

to expedite the transformer load balancing works.   

 

5.4 Prevention of Oil Leakages 

 
5.4.1 Corrosion of Transformer Tank 

 

Though the transformer tanks are galvanized and powder painted, corrosion can’t be 

prevented permanently for the entire life time of a transformer. This depends on 
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environmental conditions, maintenance cycles and manufacturing conditions. 

Transformers installed in the coastal belt have the high probability of starting 

corrosion within first three years of installation.  

 

Corroded transformer shall be sent to TMU as quickly as possible to get it repaired. 

Operation and maintenance staff have the responsibility of reporting such locations 

to TMU. It is recommended to wash the transformer body once a year those installed 

in the coastal belt and once in the three years for the rest.   

 

5.4.2 Oil Leak through Drain Valve 

 

Area operation staff can correct this type of minor leakages by simply tightening the 

drain valve nut. If it doesn’t solve the problem, it can be reported to the TMU to 

replace the drain valve. 

 

5.4.3 Oil Leak through Bushing Gaskets 

 

Oil leak through bushing gasket especially LV bushing gasket is very common in the 

field. This may occur mainly due to overheating of transformer bushings for a 

reasonable period of time. Overheating of transformer bushings is mainly due to 

overloading of the transformer, bad workmanship and lack of maintenance.  

 

Bad workmanship includes wrong sleeve selection for LV cables, incorrect die 

selection for crimping of sleeves and improper torque of bolted connections. Those 

kinds of errors can be minimized by giving proper training to the field staff. When 

oil leakage through a bushing gasket is noticed it should be reported as quickly as 

possible to TMU. This type of repair work can be done by site itself and it will save 

time as well as money.   

 

As discussed in the previous chapter, moisture can enters in to transformer tank 

through leaking bushing gaskets during night time due to contraction of oil. Not only 

moisture, even water can enter through gasket during rainy days. The severity of this 
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5.5.3 Corrosion of Nuts & Bolts 

 

Galvanized nuts and bolts are the common selection of connecting the tail wires with 

transformer flags. It has been noticed that galvanized nuts and bolts are corroded 

after a few years of installation. As a trial, Stainless Steel (SS) nuts and bolts were 

introduced for this, but due to poor quality of SS nuts and bolts available in the 

market, those were corroded faster than galvanized once. Replacement of corroded 

nuts and bolts by doing frequent maintenance works at least once a year will be the 

best solution to overcome this issue. 

 

5.6 Increase the Quality of Fabrication of Transformers 

 

When analyzing failed transformers, it has been observed some drawbacks in the 

process of transformer fabrication. Sealing between the upper lid and transformer 

tank is sealed with Silicon Sealant. It was noted that some transformers had oil leaks 

from above said seal. These oil leaks can be repaired if noticed otherwise transformer 

will fail due to low oil level.  

 

Neoprene rubber, hitrile rubber and rubberized coke are used as transformer bushing 

gasket materials and main reason for this selection is its superior thermal and oil 

resistant properties. If quality gasket materials are not used, transformer can 

deteriorate very fast due to moisture ingression, and then insulation failure. 

 

Also in the field it was observed that some transformers had oil leaks from 

transformer drain valve. This is because of the seal used for drain valve was not 

properly fixed. It was observed that some internal nuts were left inside the tank and 

some were partially loose. Due to transformer vibration, these nuts will be further 

loosened and removed from its bolt. Therefore all internal nuts and bolts should be 

tightened properly during the fabrication stage. 
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5.7 Advantages of Reduction of Transformer Failures 

 

The main advantage by implementing the proposed recommendations is the 

reduction of number of transformer failures annually. This will be a massive saving 

to the organization as the transformers are the costliest item in the distribution 

network. The average annual cost saving in calculated as shown in table 5.3. When 

calculating the cost saving, it was assumed that, the annual transformer failure rate 

will be reduced to 2% by reducing the transformer failures due to over loading, loose 

connection, oil leakages, bad workmanship, etc.  

 

Table 5.3: Annual cost saving 

Transformer 

rating (kVA) 

Average number 

of transformer 

saving per year 

Unit Cost (LKR) 
Total Saving 

(LKR) 

100 14 718,015.00 10,052,210.00 

160 8 878,335.00 7,026,680.00 

250 2 1,107,905.00 2,215,810.00 

400 1 1,625,445.00 1,625,445.00 

Total 25 - 20,920,145.00 

 

Above cost is calculated by considering only the cost of transformer replacement 

while the actual figure should include the cost of other materials, transportation and 

installation.  

 

Other advantages are; 

• Reliability of supply to the consumer will be improved. 

• Revenue loss due to outage will be reduced.  

• Reduction of transformer repair and maintenance cost. 

• Increase of transformer life time.  

 

 


