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Abstract— Transformer play a crucial position in electric, 

transmission and distribution device. Transformers are layout 

and favored in step with their related hundreds and the burden 

cycle. Mineral oil applied in transformer now no longer most 

effective acts as electric insulation however additionally these 

play as a cooling means. An oil play a role of deterioration 

only the cause of the heat, getting old and chemically affected 

like oxidation. The transformer existence relies upon on its 

insulation. It is the maximum essential a part of electricity 

device in addition to very high priced in phrases of re-

investment. Transformer may be loaded past its rated load. As 

load growth past its limit, temperature rises above the 

required price then it'll bring about a better lack of existence. 

The maximum essential a part of transformer device is 

insulation device, which includes liquid and stable insulation. 

Generally overall routine of transformer could be depends 

upon its insulation device. The solid insulation offers 

dielectric spacing, mechanical strength and dielectric 

strength. That liquid insulation is find for cooling reason and 

protective the lively part. It is highly affected in with 

temperature, moisture, Oxygen and acids within transformer 

oil. IFT as well as NN of an insulating oil of transformer are 

correlated with the transformers are in commissioning and 

those were function for the transformer oil recovery. This 

paper will provide an explanation for the interfacial tension , 

neutral number in the course of degradation process thank 

you to oxidation and then their consequently the precise bond 

between interfacial tension and neutral number itself. In this 

paper we will explained  the rest of lifetime of the power 

transformer will depends upon the values of interfacial stress 

relating with neutral range of power transformer with the help 

of fuzzy system. 
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I. INTRODUCTION 

The operation of energy transformers with none fault can be 

a aspect of essential financial significance and protection in 

energy deliver utilities and business customers of electricity. 

Power transformer is the most vital issue of energy machine 

as properly due to the fact it's far highly pricey in phrases of 

reinvestment. Given that, lifetime of energy transformer 

relies upon circumstance of its insulation. It may be stacked 

beyond its name plate rating. It is highly vital to recognize the 

circumstance of cowl framework. The power transformers 

were strategically play a vital role of equipment applied in 

a power transmission systems. For this purpose, it 

is necessary to possess reliable evaluation of their insulation. 

Their oil shapes maximum part of the transformer oil cover 

which to offer medium of  cooling and provide help to 

maintain transformer center  and winding which can be 

absolutely submerge within the oil and keep away from 

coordinate touch air oxygen. Solid insulation of 

transformer is fashioned with the aid of using Kraft paper, 

bendy laminates, press board, varnish, timber etc. Mostly 

the transformers were under the effect of some problems 

like that thermal, electrical, mechanical, and 

environmental stress that lasts their insulations life [1,2].  

 The failure rate of power transformer is 15-20% 

in keeping with 12 months that's a long way large than 

general rate that's 1-2% reason of uncertainty, best layout 

deficiencies, inexpensive fine of material like conducting, 

magnetic and insulating etc. As the houses of the oil have 

alternate sufficient that the oil adequately unable to carry 

out completely everyone their task, the oil is claimed to be 

terrible. To continue the work of transformer with horrific 

oil appreciably minimize the transformers expectancy. 

Naturally most the transformer oil decay generally 

resulting from the corrosion that skilled with an aid of 

using the oil.  An oil oxidation obvious even as the 

insulation oil accessed with the help of using an oxygen 

after that reacts with assist of means. The depth of 

oxidation method relies upon at the accelerators [5]. 

 To increase the reliability, to keep away from tragic 

disasters so as to integrate an functional life of the 

transformers, here its need to undertake dependable analytical 

mentioning and properly develop circumstance-primarily 

based totally control techniques. And hence transformer 

breakdown mostly initiate from the fall of their insulation 

method that’s made out of an oil insulation and paper 

insulation. As long as the deprivation with the power 

transformer oil functions to an incredible effect at the getting 

old paper insulation of the whole power transformers, 

enforcing suitable monitoring strategies which might be able 

to detect the development of oil breakdown at an early degree 

was essential [9]. A lot of effort stakes from IEEE to develop 

an estimation version for simplification of accomplishing 

targets. [10]. Getting continuous sampling and checking out 

of insulation oil taken from transformers may be a valuable 

approach at some point of a preventative maintenance 

program. 

 In this paper we are going to explain a 

replacement fuzzy based primarily technique which are 

develop a version for calculation of a final period of an 

influence transformer with a common relation among acid 

range, interfacial tension range and percentage lifetime 

of power transformer.                                           

II. TRANSFORMER AGEING 

The transformer getting aged is totally depends upon their 

paper insulation and insulation oil situation. When the oil 

properties have ex trade as much as that oil cloud not longer 

satisfactorily carry out its role, then oil is said to be bad.  After 

that persevering with the operation of transformer with 

terrible oil, it simply minimize the transformers life 

expectancy. The transformers oil degradation especially is the 
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results of oxidation that experienced via way of means of the 

oil. An oil oxidation is viable only when the insulation will 

available in touch with oxygen’s and that respond with assist 

of channel. The strength of an oxidation technique relies upon 

at the accelerators. Moisture and copper is the catalyst 

elements affecting transformer life and it is the substance that 

will increase the degradation rate of oil without any presence 

in the system [8]. A few drop of water present in power 

equipment which is place inside the transformer causes very 

harmful to pull down the whole system with large electrical 

stress and this is most hazardous for whole systems. A 

deterioration of the insulating oil and the paper insulation 

accelerates due to liberating more water in the process.  

 Thermal, chemical, electrical and mechanical 

degradation of insulation is totally depends on circumstances 

inside the transformer. In which thermal deprivation makes 

the crash of hydrogen’s bond and that practice shows creation 

of acids, the carbon oxides and moisture. Mostly solid 

insulation depends on cellulose which are paper, pressboard 

or timber etc. As the chemical reactions occur in the cellulose 

molecules because of water, heat, oxygen and some other 

chemicals. This result shows that degradation in the form of 

their mechanicals and electrical property. That degradation 

process is very fast when operating temperature, oxygen and 

moisture increase.  In which glucose is one of the product of 

these reactions, which result next degradation and form a 

furans is known for group of chemicals. As soon as glucose 

is more soluble in transformer oil than furans and that will be 

considered as an indicator of cellulose ageing [9].  

 An oil oxidation in which low molecular and high 

molecular weight acids are going to be produce. In which 

low-molecular-weight acids like that carboxylic acids 

are simpler at the degradation technique of cellulose than 

excessive-molecular-weight acids like that Stearic or 

Naphtenic acids.  Since low molecular acids are great 

absorber with the aid of using the paper insulation, at the same 

time as excessive molecular acids are more soluble within 

the transformer oil. In addition, formic acids are generate via 

acid hydrolysis process of paper insulation, which boom the 

corrosion rate of an insulation paper. So as to scale back the 

oxidation rate of the power transformer oil and hence to 

boost its lifetime. Oxidation inhibitors are mixed to power 

transformer oil to hamper the oxidation methods [5]. These 

substances added in oil for considerably extend the initial 

period, when formation of acids and sludge is virtually zero. 

The condition become same as initial when inhibitor last their 

concentration subsequently [10]. 

 In this way to evaluate the physical and chemical 

condition of the power transformer oil, some oil 

characteristics like the NN and therefore the IFT are 

measured and mention below. 

A. Interfacial Tension  

The standard test ASTM D971-99 method were used for 

checking IFT value of transformer oil. As an IFT of oil 

between 40 and 50 dynes/cm then it said to be good oil.  

The transformers oil oxidation produce low interfacial 

tension so that having an affinity for both of these water 

and oil. As concentration of contaminants increases with 

decrease in the IFT having a badly deteriorated oil with the 

value of 18 dynes/cm or less. The cycle at some stages in 

which at the start the test oil extricated from an affected 

transformer is to be placed right into a measuring glass of 

water within the temperature of 250C. Interfacial stress range 

shows the quantity of power that is really wanted to drag up 

a planar platinum wire ring with a distance of one centimeter 

via the boundary area that is made amongst oil and water. IFT 

ranges value is predicted in mN/m [8]. 

 Sometimes, when there is loss in IFT without any 

change that is growths in an NN, that is because of 

contamination of hydrophilic substance and it doesn’t 

because of the oxidation of the oil. Normally transformer 

ageing is high amount with minimum interfacial 

tension value. Generally fresh oil always have an IFT of 

about 50mN/m. The value that is mention as near about 

14mN/m interfacial surface tension number is of strictly 

deteriorated oil value. Formation of sludge is not possible 

even when there is interfacial surface tension number is 

bigger than 22mN/m and hence we can say that power 

transformer oil must be reclaimed when interfacial 

tension number is near about 25mN/m [12,13]. 

B. Neutral Number 

The neutral range suggests that mass potassium is measure in 

milligrams that is necessary to defuse acid within single gram 

oil of the power transformer. when transformer goes beyond 

their limit, neutral range of power transformers oil 

increases as to the assembly of an acid. Similarly a few 

outside sources all through which paint, varnish or 

environmental contaminations additionally have an effect on 

the transformer oil. For logo spanking new transformer oil, 

no acid is to be predicted and consequently the formation of 

sludge is past an impartial quantity of 0.40 mg KOH/g. It is 

an advised that oil must be get better while the acid quantity 

is among 0.20 and 0.40 mg KOH/g and as a result the primary 

degree of transformer oil corrosive number is nearly 

0.25mgKOh/g, beyond that the speed of weakening rises 

altogether. 

 An acids are create from oil decomposition process. 

An acids additionally can come from outside 

sources like atmospheric contamination. These natural acids 

are destructive to the insulation system and may set off 

corrosion in the electric device as soon as water is present. a 

rise in the acidity is a sign of the speed of degradation of the 

oil with sludge due to the fact the inevitable by-product of an 

acid state of affairs this is neglected. 

C. Correlation between IFT and NN 

IFT and NN both are a wonderful indication of oil when 

that must be reclaimed. When an NN increase then IFT 

decrease, shows the Fig.1.[3]. Upon that stage, the oil has an 

extensively damage and hence must be change for 

prevent slugging, at the time when that became near 22 

dyne/cm. As oil was not reclaimed yet sledges were settle 

down on transformers winding, insulations, cooling 

surfaces, etc. Then it cause cooling and loading 

problems. That may severely reduced transformer life.  
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Fig. 1: Relation between IFT and NN with number of year 

in service. 

D. Oil Quality Index 

Oil quality index is a simple ratio of IFT and NN values given 

in following table. 

Oil Quality Index = 
45

0.03
 =1500 (new transformer OQIN) 

 IFT NN Color OQIN 

Good oils 30-45 
0.00-

0.10 

Pale 

yellow 

300-

1500 

Marginal oils 24-27 
0.11-

0.15 

Bright 

yellow 

160-

318 

Bad oils 
18-

23.9 

0.16-

0.40 
Amber 45-159 

Very bad oils 
14-

17.9 

0.41-

0.65 
Brown 22-44 

Extremely bad 

oils 

9-

13.9 

0.66-

1.50 

Dark 

brown 
6-21 

Table 1: Transformer oil classification 

III. FUZZY LOGIC MODEL 

Transformer deterioration process is multi factorial process 

which affect different life span agent of power transformer 

simultaneously. Most of to be had data of power transformer 

constantly classified in among a qualitative way like 

that normal, fine and high. And hence there was 

incorrectness within the analytical parameter that is near 

last values. [4]. 

 However stresses act at a time within the 

transformers that possess the difficulty with this is not 

viable to generate a exacting health index of transformer 

models. That data is usually not correct and 

qualitative like that bad, reasonable and outstanding. The 

Fuzzy logic may be a helpful way for showing human 

knowledge during the exacting applications to make action 

with sound correctness to facilitate decides. The analysis 

necessary to be best analyzer with fuzzy logic tool to handle 

the transformers for its wear and tear. 

 
Fig. 2: Flowchart of Fuzzy logic system 

 Generally all the fuzzy model build with the help of 

fuzzy logic flow chart is shown in Fig.2. Because of the issue 

in figuring out the transformer life, fuzzy logic gives an 

accurate and realistic method for estimation remnant life. The 

fuzzy logic is the beneficial tool in transformer on the 

grounds that asset control selection making [12]. 

 In present paper FIS (fuzzy logic interface 

system) is use to plot IFT and NN of the power transformer 

oil which is an input variables and output variable is 

the transformers life. As fuzzy model is build with the help 

of the fuzzy logic toolbox provided in MATLAB software. 

Initially input variables of membership functions were to 

get fuzzify with the inputs variables in the original values. 

 
Fig. 3: Fuzzy logic model 

 
Fig. 4: 3-D graph of fuzzy logic system 

Fig. 5: IFT membership function 
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Fig. 6: NN membership function 

 Fig.4 shows Fuzzy logic model and Fig .5 and Fig.6 

shows membership function of input variables. After that the 

appliance methods that employed to use after 

fuzzified results of every inputs to become output, almost 

like the input variables. And therefore the output 

variable of percentage remnant life of the transformer 

mostly fuzzified with its related membership functions 

shown in Fig.7. 

 
Fig. 7: Percentage remnant life membership function 

 The relation that fix variables to the output variable 

set up the use of fuzzy rule supported normally established 

diagnostic guidance of power transformers [14]. Fig. 

8.indicates that the fuzzy rules which units interfacial surface 

tension and neutral range to the remnant life of the 

power transformer. 3-D model is given in Fig. 9. Finally 

centre of gravity method is employed for calculating the 

output value which is explain in report.  

 

 

 
Fig. 8: Fuzzy logic rule 

IV. RESULT 

Although access the essential fuzzy model of an interfacial 

tension value and acidity range of a few oil samples 

accumulated within the numerous transformers of 

various ratings, running state and lifelong is supplied to the 

build fuzzy model. The expected remaining lifetime of all 

transformer supported 40 years functional life time given in 

Table 1. Comparing those end result with data accumulated 

from correlation among IFT, NN and percentage lifetime 

of power transformer given in report [12] and it indicates the 

model can estimate remaining life of transformer with 

excessive precision. 

V. CONCLUSION 

An oil insulation degradation method is present since that 

occupy various factors that is give to increase the mature rate 

of an insulation system at the same time. Because of this fact 

to developing a consistent model for estimation of leftover 

life of the power transformer is not possible. IFT and NN 

measurement perform universally on the transformer oil 

sample shows relation within transformer operating time. 

This paper introduce an easy and powerful fuzzy primarily 

based model for calculating the leftover period of a 

transformer via using interfacial surface tension value and 

neutrals range of transformer oil. The outcomes demonstrate 

a high accord in between the calculated results using the 

proposed model and the practical results published in the 

report. 

Data 

Number 

Testing Data 

IFT 

number 
NN 

Percentage of 

remnant life 

1 50 0 98 

2 35 0.015 94.5 

3 30 0.023 85.5 

4 21 0.077 86.1 

5 20 0.146 80.7 

6 19 0.27 72.3 

7 18 0.48 70.4 

8 16 0.6 62.2 

9 14 0.75 58.3 

10 10 0.9 57.9 

Table 2: Testing Data 
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