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CHAPTER 4 

 
TRANSFORMER FAILURE ANALYSIS  

 

CEB has installed nearly 24,500 distribution transformers all over the country which 

are connected to 33kV or 11kV MV network to supply present power demand of the 

consumers. CEB has 12 provinces based on operation wise and distribution 

transformer failure rates of some of the provinces are shown in table 4.1 for the year 

2011. 

 

Table 4.1: Distribution transformer data of NWP, WPS1, SG, WPS2 and SP for year 

2011 (Appendix 6).  

Year 2011 NWP WPS1 SG WPS2 SP 
Number of installed 
transformers 

2,536 1,203 1,631 1,719 2,723 

Number of failed 
transformers 

44 29 31 32 79 

Transformer failure rate % 1.7 2.4 1.9 1.9 2.9 

 

Transformer failure rate of southern province is nearly 3%. As per the table 4.1, 

Southern Province has higher failure rate than other distribution provinces in CEB.  

  

Once the distribution transformer failed, electrical superintendent of the respective 

CSC is doing a failure inspection and produce a transformer failure report. 

Transformer failure reports of Southern Province from year 2007 to 2011 were 

analyzed.  Table 4.2 tabulates number of transformer failures during the year 2007 to 

2011. Even though these reports are available in the last few years it is difficult to 

identify causes of failures. So, a detailed analysis needs to be carried out in order to 

identify exact failure reason. Hence as discussed in chapter 3 procedure was 

established.  
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Table 4.2: Transformer failures in southern province from 2007 to 2011 [3]. 

Distribution 
Area 

Number of transformer failures 
2007 2008 2009 2010 2011 

Ambalangoda 6 16 19 13 8 
Galle 15 8 12 20 19 
Weligama 12 7 9 13 13 
Matara 14 13 13 7 17 
Tangalle 11 6 12 7 13 
Hambantota 6 13 6 1 9 
Total 64 63 71 61 79 
 

Thunder days in Galle and Hambantota for the year 2007 to 2011 were obtained from 

Meteorological Department of Sri Lanka (Appendix 7). For the analysis, data 

recorded at the meteorological station Galle was considered for Ambalangoda, Galle, 

Weligama and Matara distribution areas while data recorded at Hambantota station 

was considered for Tangalle and Hambantota distribution areas. No of thunder days 

reported was higher in March, April and November in each year which follows same 

pattern in transformer failures. 

 

 
Figure 4.1: Average thunder days of Galle Meteorological station and Average 

transformer failures of Galle, Matara districts (during 2007 to 2011). 
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Average thunder days recorded at Galle Meteorological station and average numbers 

of transformer failures in Galle and Matara districts during year 2007 to 2011 are 

shown in figure 4.1. According to data obtained from Meteorological Department 

keraunic level of Galle and Matara district is high and it is around 95 days (Appendix 

7).  

 

As well as average thunder days recorded at Hambantota Meteorological station and 

average number of transformer failures in Hambantota district during year 2007 to 

2011 are shown in figure 4.2. According to data obtained from Meteorological 

Department keraunic level of Hambantota district is low compared to Galle and 

Matara districts and it is around 55 days (Appendix 7).  

 

 
Figure 4.2: Average thunder days of Hambantota Meteorological Station and average 

transformer failures of Hambantota district (during 2007 to 2011). 

 

Details of age wise failure of distribution transformers for the year 2012 are shown in 

table 4.3. 
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Table 4.3: Age wise details of distribution transformer failures in SP [3]. 

Age at Failure 
Number of 

transformer failures
Number of installed 

transformers 
Percentage of 

failure % 
0 to 5 years 11 853 1.29 
6 to 10 years 21 926 2.27 
11 to 15 years 8 571 1.40 
16 to 20 years 11 227 4.80 
21 to 25 years 8 100 8.01 
Over 25 years 2 46 4.36 

 

 
Figure 4.3: Age wise details of distribution transformer failures in SP. 

 

Analysis shows, out of the distribution transformer failed in each year, about 44% of 

the transformers have failed less than 20 years of their installation.  

 
Figure 4.4: Age wise analysis of distribution transformer failures in SP. 
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For the purpose of providing depreciation in books of accounts, the average life of 

distribution transformer is considered as 35 years. But many transformers are not 

serving for the expected full life period, thereby putting severe strain on cash flows 

of CEB.  

 

The capacity wise distribution transformer failures for year 2011 are shown in table 

4.4. It shows 160kVA transformers are more subjected to fail than other capacities.  

 

Table 4.4: Transformer failures in capacity wise [3]. 

Capacity 
No of transformer 

failures 
No of installed 
transformers 

Percentage of 
failures % 

100kVA 41 1,538 2.7 
160kVA 23 638 3.6 
250kVA 8 298 2.6 
400kVA 3 117 2.5 
Over 630kVA 2 88 2.3 

 

 

4.1 Lightning  

 

Various countries in the world have various types of lightning pattern depending on 

their climate conditions. The magnitude of lightning surges can be in the order of 

200kA and with high gradients. Sri Lanka being a country that experiences rain 

during the most of the year is blessed with lightning strokes with lesser energy, less 

than 40kA, but with high occurrence rate.  

 

Following empirical formulas are established based on the statistical evidence, to 

determine lightning occurrence rates [11]. 

  

  Ng = 0.04 Td
1.25     (1) 

N = 2.8 Ng h 0.6     (2) 

Where,  
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N – Number of flashers / 100km /year 

Ng – Ground flash density (flashers / km2 / year) 

h – Conductor height 

Td – Number of thunder days per year 

 

According to data obtained from Meteorological Department keraunic level (no of 

thunder days) of Galle and Hambantota is around 95 days and 55 days respectively 

(Appendix 7). By substituting in equation 1, ground flash density (Ng) for Galle and 

Hambantota is around 12 and 6 flashes per km2 per year respectively.  

 

By substituting these values in equation 2 with conductor height 10m, number of 

flashes occurring during a year on 100km conductor length of the network of Galle 

and Hambantota would be 134 and 67 respectively.  

 

Distribution transformer is inherently subject to the incidence of voltage surge, 

especially when installed in arial circuit, because of it vulnerably to both direct and 

indirect lightning strokes. The high voltage side of the transformer is usually 

protected against lightning by surge arrestors.  

 

To optimize the primary winding lightning protection the lead length needs to be 

reduced to the minimum possible [12]. This is achieved by mounting HV side surge 

arrestor on transformer tank.    

 

During the failure analysis it was observed that most of the places don’t have surge 

arrestor earth electrode resistance less than 10Ω. Especially in Elpitiya, Thalgaswala, 

Thawalama, Akuressa and Deniyaya areas, the top soil resistivity is greater than 

250Ωm. Hence the surge arrestor and neutral earth electrode resistances are high. 

The following table 4.5 shows surge arrestor and neutral earth resistances of 

distribution substations which were categorized as failed due to lightning. 
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Table 4.5: Surge arrestor and neutral earth resistance of substations which were 

categorized as failed due to lightning. 

CSC Location 
Resistance of Surge 

Arrestor earth 
electrode 

Resistance of Neutral 
earth electrode 

Wanduramba Maheshland 52Ω 14Ω 
Elpitiya Metiviliya 75Ω 30Ω 
Elpitiya Pathiraja kanda 52Ω 82Ω 
Bataduwa Mulana  31Ω 12.5Ω 
Deniyaya Ensalwatta 35Ω 30Ω 
Deniyaya Pardupalla 64Ω 40Ω 
 

Keraunic levels of Elpitiya, Thalgaswala, Thawalama, and Deniyaya areas are high 

and it is greater than 95. Transformer failure rate of these areas are also high. 

Transformer failure rate of some CSCs are given in table 4.6 according to the 

transformer failure data during 2007 to 2011. 

 

Table 4.6: Transformer failure rate of some CSCs in SP 

CSC Transformer failure rate % 
Elpitiya 3.3 
Thalgaswala 4.7 
Tawalama 3.7 
Deniyaya 3.2 
Akuressa 2.2 
Gonapinuwala 2.0 
Galle 1.9 
Kamburupittiya 2.7 
Tangalle 2.5 
Hambantota 1.6 

 

In the field different installation practices were observed. In order to minimize lead 

length, surge arrestors should be installed in on top of the transformer tank. But there 

were many locations still surge arrestors are mounted on separate cross arm in 

between DDLO location and transformer tank. It was observed nearly 50% of the 

substations in the province have the surge arrestors mounted on separate cross arm in 
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between DDLO location and transformer. The present and early practices of surge 

arrestor mounting methods are shown in figure 4.5. 

 

 

Figure 4.5: Arrestor mounted on transformer tank (left) and cross arm (right) 

 

It was observed in year 2011, nearly 28% of transformer failed due to lightning. 

 

Case History  

 

Location: Distribution substation GG070 installed at Samson Reclam factory, Galle. 

 

Data Collection: Transformer failed during severe lightning situation.  

No visual damaged observed.  

Date of failure: 25.11.2011 

Serial no: 97/10003020  

Capacity: 1000kVA 

Year of manufacture: 1998 

Surge arrestor earth electrode resistance: 29.3Ω 

Neutral earth electrode resistance: 16.1Ω   

Insulation reading between transformers HV winding to body is low.  
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Analysis: Internal inspection shows that HV winding of middle limb was displaced 

is due to force at lightning. 

 
Figure 4.6: Middle limb of transformer windings displaced 

 

4.2 Short Circuit Faults in network 

 

Short circuit faults on MV network do not affect to fail the transformer. In 

distribution substations, distance between DDLO expulsion fuse and transformer is 

very short. Hence chance of short circuiting or touching of way leaves are limited. 

Therefore blowing of DDLO expulsion fuses due to over current or earth fault of HV 

side is very rare.  

 

In case of an external short circuit on LV side, a fault current approximately 20 to 25 

times the rated current will flow through the windings. The windings are designed to 

take such fault current for 2 to 3 seconds. If the fault persists more than 2 seconds, 

transformer is bound to fail on such occasions of prolonged short-circuit beyond 
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permissible limit. But necessary protections are provided in LV side such as HRC 

fuses, MCCB to protect transformer from short circuit faults in LV side. 

 

But in the field, many occasions were found at distribution substations with incorrect 

fuse ratings and unacceptable fusing methods. Table 2.5 and 2.6 of chapter 2 show 

correct fuse ratings should be used for each transformer capacity. At on-site 

investigations while interviewing the employees, most of the employees don’t have 

any idea about the correct fuse ratings that should be used. Nearly 9% of 

transformers failed due to short circuit faults in network in 2011. 

 

 
Figure 4.7: DDLO switch of the middle phase with “gal mattu” 

 

 
Figure 4.8: Cable directly connected without HRC fuse 

 

HRC fuse isn’t 
available and cable 
directly connected  
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4.3 Aging 

 

During transformer life, structural strength and insulating properties of materials 

used for support and electrical insulation (especially paper) deteriorate. Although 

actual service life varies widely depending on the manufacture design, quality of 

assembly, materials used, maintenance and operating conditions, expected life of a 

transformer is about 40 years.  

 

Aging of the insulation system reduces both the mechanical and dielectric 

withstanding strength of the transformer. As the transformer ages, it is subjected to 

faults that result in high radial and compressive forces. As the load increases with 

system growth, the operating stresses increase. In an aging transformer failure, 

typically the conductor insulation is weakened to the point where it can no longer 

sustain mechanical stresses of a fault. Turn to turn insulation then suffers a dielectric 

failure or a fault causes a loosening of winding clamping pressure, which reduces the 

transformer ability to withstand future short circuit forces. 

 

The normal life expectancy is a conventional reference basis for continuous duty 

under normal ambient temperature and rated operating conditions. The application of 

a load in excess of nameplate rating and/or an ambient temperature higher than rated 

involves a degree of risk and accelerated ageing.  

 

According to the Arrhenius law of chemical reaction rate, the span of time up to this 

end point is expressed as [15], 

 

Life duration  = e (α+β/T) 

Where,  

α and β are constants 

T is the absolute temperature 

 

Within a limited range of temperatures the relation can be approximated by the 

simpler exponential expression of Montsinger, 
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Life duration = e-ρθ 

Where, 

ρ is a constant 

θ is the temperature in degrees Celsius 

 

Rate of ageing = constant x eρθ 

 

The relative rate of thermal ageing is taken to be equal to unity for a hot-spot 

temperature of 98ºC, which corresponds to operation at an ambient temperature of 

20ºC and hot-spot temperature rise of 78K.  

 

The relative ageing rate, 

V =  Ageing rate at θh 

        Ageing rate at 98ºC 

  = 2 (θh
 - 98)/6 

 

This function implies that the relative ageing rate is very sensitive to the hot-spot 

temperature. 

 

Table 4.7: Relative ageing rate with hot-spot temperature [15]. 

Hot-spot temperature θh Relative ageing rate 

80 0.125 

86 0.25 

92 0.5 

98 1.0 

104 2.0 

110 4.0 

116 8.0 

122 16.0 

128 32.0 

134 64.0 

140 128.0 



45 
 

Life expectancy of a transformer is proportional to its hot-spot temperature. For a 

transformer to operate well within the capabilities of its insulation system over its 

entire life and not subject to any significant overvoltage conditions, it is reasonable 

to expect a useful life of between twenty and thirty years. 

 

By analyzing transformer failures from 2007 to 2011, it is very rare to find a 

transformer with expected life time of 35 years. For the study, a transformer failed 

after more than 18 years was considered as failed due to aging. It is nearly 9% of 

total transformer failures.  

 

4.4 Overload 

 

The consequences of loading a transformer beyond its name plate rating will be as 

follows, 

• The temperatures of windings, cleats, leads, insulation and oil increases and 

can reach unacceptable levels, 

• The leakage flux density outside the core increases, causing additional eddy 

current heating in metallic parts linked by the flux, 

• The combination of the main flux and increased leakage flux imposes 

restrictions on possible core over excitation, 

• As the temperature changes, the moisture and gas content in the insulation 

and in the oil will change, 

• Bushings, tap changers and cable end connections will also be exposed to 

higher stress which encroach upon their design and application margins, 

 

As a consequence there will be a risk of premature failure associated with the 

increased currents and temperatures. This risk may be an immediate short term 

character or come from the cumulative deterioration of the transformer over many 

years. The main risk for short term failure is reduction of dielectric strength due to 

the possible presence of gas bubbles in a region of high electrical stress. These 

bubbles may develop in the paper insulation when the hot-spot temperature rises 
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suddenly above a critical temperature, which is about 140ºC for a transformer with 

normal moisture content. This critical temperature decreases somewhat as the 

moisture concentration increases.  

 

Temporary deterioration of the mechanical properties at higher temperatures could 

reduce the short circuit strength. Same time pressure build up in the bushings may 

results in a failure due to oil leakage. Short term risk normally disappears after the 

load is reduced to normal level. 

 

As long term risk of overloading, cumulating thermal deterioration of the mechanical 

properties of the conductor insulation will accelerate at high temperatures. If this 

deterioration proceeds far enough, it may reduce the effective life of transformer, 

particularly the latter it is subjected to system short circuits. As well gasket material 

in the transformer may become more brittle at elevated temperatures.     

   

With loading values beyond the nameplate rating, it is recommended that the limit 

state in table 4.8 should not exceed. 

 

Table 4.8: Current and temperature limitations for normal loading transformers [15]. 

Current 1.5 p.u. 

Hot-spot temperature and metallic parts in contact with insulating 

material  

140ºC 

Top oil temperature 105ºC 

 

Distribution Transformers are generally not recommended for continuous 

overloading. But overloading for a short duration cannot be avoided. It is one of the 

prime responsibilities to keep and check on the loading of a transformer as a record. 

In case of overloading the additional loss generates more heat, which affects the 

burning of winding insulation, causing ultimate failure of the transformer. 

 

In most cases, it has been observed that the workers use higher rating of fuses or 

rewire to avoid frequent breakdown of supply caused by overloading necessitating 
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replacement of fuses. It has been seen in many occasions that the employees use fuse 

link without DDLO carrier, because of non-availability of fuse carriers. This 

procedure is wrong and must be discouraged. 

 

Proper sizes of fuses on LV side will definitely reduce the probability of failure of 

transformer due to overloading. Measurement of load current using Clip-on meter at 

frequent intervals, especially during peak loading hours, will give a fair idea about 

the load demand of that distribution transformer. In case the overloading is more than 

20% during peak hours and if it persists for days together, it is recommended to 

replace the existing transformer with a higher rating as soon as possible.  

 

When analyzing the failures, it is observed that reasonable amount of transformers 

have failed due to overloading. This category includes only transformers that 

experienced a sustained load that exceeded the name plate capacity. It is nearly 25% 

of the total transformer failures. 

 

Table 4.9:Load reading of some transformers that were failed due to overloading [13] 

Location Sin No Capacity 
(kVA) 

Loading 
percentag
e % 

Rated 
current 
per phase 
(A) 

Ampere reading  (A) at 
7.30p.m 
Phase a  Phase 

b 
Phase 
c  

Mirissa New WA349 100 127 144.34 198 168 184 
Dammarathnagama WA320 160 109 230.94 290 225 243 
Beliatta Post Office TB290 100 95 144.34 146 170 121 
Henakaduwa TT270 100 112 144.34 212 131 163 
Weherahena Junc.  MM380 100 119 144.34 106 184 227 
Gamdoragama MD025 100 141 144.34 242 202 168 
Heenatigala GH200 100 102 144.34 128 133 183 
Illukpitiya AS260 160 156 230.94 350 325 410 
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Case History  

 

Location: Distribution substation MD205 installed at Gamdoragama, Matara. 

 

Data Collection:  

Transformer body blasted and oil leaked.   

Date of failure: 07.03.2012 

Serial no: T.06.U01003029  

Capacity: 100kVA 

Year of manufacture: 2006 

Surge arrestor earth electrode resistance: 15.3.Ω 

Neutral earth electrode resistance: 31.1Ω   

 

Analysis: Windings of phase a and b were burnt. Insulating papers were darkened 

and burnt. 

 
Figure 4.9: Tear down inspection of the failed transformer 
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Table 4.10: Load reading of Gamdoragama New substation at night peak [13]. 

 

Circuit Name Current (A) 
Phase a Phase b Phase c 

Akkara 18  167 143 73 
Matara side 12 47 29 
Total 179 190 102 

 

According to load reading of Gamdoragama substation, transformer was 108% 

overloaded. Prolonged overloading is the cause to damage the transformer.  

 

Distribution transformer should ideally be loaded uniformly on all the three phases. 

But according to the load reading of distribution substations, there are many 

occasions where even though transformer doesn’t overload one phase that exceeds its 

rated current. As a result the load on one phase goes drastically high, causing 

operational problems thereby leading to failure of transformers.  

 

4.5 Lack of Maintenance 

 

A well maintained transformer always enjoys a longer life. Transformer is capital 

intensive equipment and must be provided with regular maintenance. The frequency 

of the maintenance should depend on the type of installation, its kVA rating, 

connected load and place of installation. Even though substation maintenance should 

be done once in three years, it is happening very rarely. So identification of early 

diagnose of failure causes eliminates the failure.  

 

4.6 Oil Leaks 

 

Oil leak can come from number of causes. Corrosion of fins, bad weld within the 

structure, bad seal of transformer cover plate, cracked bushings, deteriorated bushing 

gaskets are some. Among above causes most common causes are oil leak due to 

corrosion of fins and bushing gasket deterioration.  
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According to CEB standard 098:2000, both internal and external surfaces of the 

transformer should be hot dip galvanized and after galvanizing, the external surface 

should be with powder painting not less than 50μm thickness [14]. But transformers 

specially located in the coastal belt have a problem of corrosion.  

    

 
Figure 4.10: Transformer removed from service due to corrosion 

 

Case History  

 

Location : Distribution substation GH300 installed at Koggala Air force camp, 

Galle.  

 

Data Collection:  

Transformer body corroded and oil leaked through corroded points. 

Transformer removed under working condition.   

Date of removed: 26.03.2011 

Serial no: T/99/U01601056  

Capacity: 160kVA 

Year of manufacture: 1999 

Loading percentage: 38% 
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Oil leak from bushing gaskets is mainly due to excessive heat or pressure developed 

in the bushings. This will bring down the oil level in the tank and moisture also enter 

in to the tank through the oil oozing gap causing contamination of transformer oil 

resulting in deterioration of HV/LV insulation when will ultimately fail the 

transformers. Oil leak through HV bushing gaskets is very rare compared to LV 

bushing gaskets. 

 

Oil leak through LV bushing gasket is very common in overloaded transformers and 

also transformers have been in overloaded margin.   

 

4.7 Loose Connections 

 

In many occasions it was experienced that heavy electric sparks come out of the 

bushing termination joints, especially on L.V connections. In most of the cases, these 

sparks are because of loose terminations during the course of installation or else have 

been loosened due to bad service conditions. Once spark occurs at the cable 

termination or lug it causes melting of the bushing sealing gaskets, effecting oil 

leakage from the bushing top, resulting failure of transformer in due course of time 

because of low oil level.  

 

Loose connections happen due to bad workmanship. Improper connections of 

dissimilar metals, improper torque of bolted connections create loose connections. 

Through frequent maintenance this types of problems can be discovered and there 

will be ample time to correct it and avoid failure. Nearly 5% of transformers failed 

due to loose connections of lugs, nuts and bolts. 
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Figure 4.13: Oil leakages through LV bushing gasket of failed transformers due to 

bad connections. 

 

The incoming and the outgoing termination should be done through proper 

connectors. CEB distribution construction standard and specifications give drawings 

with details of lugs and connectors. So workers must ensure that the cable 

connections are done with proper lugs and connectors in the correct way. Direct 

Connection of cable to the bushing terminal stud, should be avoided. During 

termination, one should not forget the effect of bi- metallic action. If aluminium 

cable or conductors are to be connected with copper terminal, a proper bi-metal 

connection should remain in between. Otherwise due to bi-metallic action, a millivolt 
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will generate causing a localized current and may deteriorate the current carrying 

thread. 

 

 
Figure 4.14: Transformer with wrong connection of wires and failed transformer due 

to excessive heat of connection 

 

Case History  

 

Location: Distribution substation AT410 installed at Silvary, Thalagaswala.  

 

Data Collection:  

Oil leaked from one LV bushing. (phase b).  

Date of failed: 24.11.2010 

Serial no: T.00.U01603109  

Capacity: 160kVA 

Year of manufacture: 2000 

Loading percentage: 66% 

 

Analysis:  Oil leaked through one LV bushing (phase b) and no any other visual 

damage was observed. Transformer insulation readings were at acceptable range. 

Ratio test shows phase b voltage ratio is out. Lugs, flag and cable that were 

connected to phase ‘b’ of LV bushing, were burnt. This could happen due to 

improper connection of lugs with flag and poor crimping of LV lugs. Due to this 
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faulty connection phase ‘b’ may be heated up and ultimately oil leak through LV 

bushing caused the failure of the transformer.  

  

 
Figure 4.15: Failed transformer at Silvary substation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


