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Abstract: Energy demand of the whole world is fulfilled predominantly by products of fossil fuels in this century. In the field of power system 
transmission and distribution, transformers are major components which use petroleum-based mineral oil as potential insulating and cooling medium. 
Even though they are predominant in their field of applications, they have some disadvantages of non-biodegradability, scarcity of availability in future 
and environmental unsociable nature. The analysis is extended with the addition of synthetic antioxidants for studying changes in characteristics of 
different oil samples with individual and blended combinations. Critical characteristics such as breakdown voltage, flashpoint, fire point and viscosity are 
measured according to international standards before and after modification of oil samples. The analysis also extended to the desirability function 
approach which is very helpful for solving multi-objective optimization problems. 
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1. INTRODUCTION 
Transformers form an imperative, expensive part of power 
system transmission and distribution network. In transformers, 
the supreme important parts are their insulating medium which 
comprises liquid and solid insulations. High insulating 
properties and cooling properties of liquid insulation in 
transformer ensure normal operation of transformer without 
failures [1-3]. Petroleum based mineral oil (transformer oil) is 
used as liquid insulation in oil-filled transformers over the past 
several decades. Mineral oil has better cooling properties, 
insulating properties, but lower values for flashpoint and 
firepoint temperature. Important constraints in usage of 
mineral oil for upcoming years are limited by the 
environmental aspect, lower possibility of resources in future 
and higher rating of equipment. In the environmental aspect, 
mineral oil poses severe limitations towards eco-system and 
affects the human beings and surrounding environment when 
it comes into contact with these by oil spills on soil and water 
resources  [4 - 5]. Due to the increase in severe regulation on 
all products regarding environment and safety, alternative 
liquid insulating mediums are considered for applications in 
transformers [6]. Since the 1990’s, vegetable oils have been 
experimented to replace traditional mineral oil due to their 
better characteristics than those of mineral oil, silicon oil and 
synthetic esters. In recent years, eco-friendly natural esters 
derived from plants and seeds of plants have been used [7]. 
Natural esters (vegetable oils) are triglyceride which has fatty 
acids composition. Fatty acids are classified as saturated fatty 
acids, mono-unsaturated fatty acid, polyunsaturated fatty acids 
based on the type of bond between molecules. [8 – 10]. 
Properties of natural esters such as viscosity, thermal 
characteristics, oxidation stability and ageing behaviour are 
determined by fatty acid composition [11]. Higher content of 
saturated fatty acid leads to high viscosity of natural esters. 
Meanwhile natural esters with higher content of poly-
unsaturated fatty acids have low viscosity.  
 
 
 
 
 
 
Cooling properties of liquid insulation directly relate with the 

viscosity of it [12]. Oxidation stability mainly depends on 
mono-unsaturated fatty acids. Another approach is the 
inclusion of enhancing agents with liquid insulation for 
obtaining optimized properties. Antioxidant materials have the 
ability to increase the oxidative stability and operational 
characteristic of oil insulations [7]. They resist the chain 
reactions in oils by reducing free radicals and peroxide 
formation. The quantity of antioxidants also influences the 
properties of oil. So, care should be taken while adding 
antioxidants beyond 1%. In mineral oil, oxidation stability is 
achieved by adding sulphur spices (uninhibited oil) or 
antioxidants (inhibited oil). Butylated Hydroxy Toluene (BHT) 
and Butylated Hydroxy Anisole (BHA) are the mostly used 
antioxidants in inhibited oil to achieve oxidation stability [13]. In 
this paper, investigations are carried out with some natural 
esters-based vegetable oils to satisfy the above constraints 
and requirements of liquid insulation with better properties. 
Natural esters are analyzed individually and of blended 
combinations with mineral oil at different concentrations. 
Critical properties such as breakdown voltage, flashpoint, 
firepoint and viscosity (at different temperatures) are 
measured according to the existing standards for all the 
samples. The investigations are extended towards analysis of 
critical properties of natural esters and blended combinations 
with inclusion of antioxidants. Various properties of oil 
determine the ability of oil as good Insulating liquids.  The 
properties such as breakdown voltage, loss factor, dielectric 
dissipation factor, interfacial tension, acidity, volume resistivity, 
flash point, fire point, viscosity etc.are investigated for 
checking the suitability of oil samples as liquid insulation.  
Among this, the breakdown voltage, flashpoint,   fire point and 
viscosity are considered as   critical properties  for selecting 
insulating liquid in primary investigation. 
 

2  DESIRABILITY  
 
2.1 Desirability Function Approach  
The desirability function approach is very helpful for solving 
multi-objective optimization problems .Depending on the 
desirability of each response, the component or overall 
desirability value is then calculated. In this study, the individual 
desirability functions are calculated based on the type of the 
optimization functions, i.e. maximization or minimization using 
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Eqs. (1)–(3). If the target (Ti) for the response yi is a maximum 
value, the desirability is based on Eq. (1). If the target is a 
minimization one, the desirability is based on Eq. (2). 
Furthermore, if the target is located between the lower (Li) and 
upper (Ui) limits, the desirability is obtained based on Eq. (3). 

 
 
Next, the individual desirability functions are integrated as 
overall (composite or aggregated) desirability (D), which can 
be between 0 and 1. It is defined as the weighted geometric 
mean of all the previously defined desirability functions, 
calculated by Eq. (4),  

 
where wi is a comparative scale for weighing each of the 
resulting di assigned to the ith response, and n is the number 
of responses. The optimal values of the parameters are 
determined to maximize overall desirability (D), by applying a 
reduced gradient algorithm with multiple starting points [14]. 

 

3 METHODOLOGY 
The scope of this work is based on present scenario related 
with requirement to find alternative liquid insulating medium 
and enhancement in operational properties of insulating 
medium. 
 
3.1 Base Oil Sample Details 
 

 
Table 1 Base oil sample 

 
With this aim, some natural esters-based vegetable oil 
samples are chosen for the investigations. For reference 
purposes, silicon oil is chosen as one of the samples. 

 
3.2 Blended Oil Sample Details 
 

 
Table 2 Blended oil sample 

 
Blending is the one of the ways to change the physiochemical 
characteristics of liquid insulations. By considering this 
concept, mineral oil is blended with all other samples with 
different ratios. The blended ratio of 90:10 are considered in 
this investigation for analyzing the influence of lower, medium 
and equal percentage of blended combination of natural 
esters/synthetic oil with the mineral oil [15]. 

 
3.3 Antioxidant Details 
 

 
Table 3 Antioxidant  sample 

 
These two antioxidants are chosen due to their frequent usage 
in mineral oils for improving oxidation stability. Both 
antioxidants are individually included with base oil samples 
and blended oil samples with the ranges of1.25g and 2.5g. 
Samples prepared with inclusion of antioxidants with oil 
constitute combinations. Investigations are carried out with 
measurement of critical properties of samples such as 
breakdown voltage, flashpoint, firepoint and viscosity (at 
different temperatures)of individual oil samples, blended oil 
samples, oil samples added with antioxidants as per 
international standards.  
 
3.4 Sample A Details 
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Table 4 Blended antioxidant sample A 

 
3.5 Sample B Details 
 

 

 
Table 5 Blended antioxidant sample B 

 
3.6 Sample C Details 
 

 
Table 6 Blended antioxidant sample C 

 
3.7 Sample D Details 
 

 

 
Table 6 Blended antioxidant sample D 

 

4 DESCRIPTION 
For investigating individual base oil samples, 500ml of each 
sample is taken and their characteristics are measured 
according to standard procedures. Blended oil samples are 
prepared by taking 500ml of oil as 100%. Oil samples are 
blended as per required percentages of each oil sample with 
the help of sonicator. For complete blending of oils, the 
blending is kept for 30-45 minutes in sonicator. Characteristics 
of blended samples are also analyzed as per standards. For 
preparing antioxidants added oil samples, the required 
quantity of antioxidants is mixed with 500ml of oil samples 
(individual base samples and blended samples) in sonicator. 
Before that, the oil samples are heated up to the melting 
temperature of antioxidants for complete dispersion of 
antioxidants. All the oil samples are treated with heating upto 
100˚C for half an hour and samples are kept in normal room 
temperature for minimizing the effect of moisture in 
measurement of oil properties. Breakdown voltage, flashpoint, 
firepoint and viscosity. Measurements of these properties are 
carried out in the room temperature and pressure [16]. 

Breakdown voltage measurements are conducted in 
breakdown voltage kit with test cell of 2.5mm gapped semi-
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spherical electrodes as per the standard of IEC60156 [17]. 
The test cell is filled with oil samples to marked level (above 
40mm of electrodes). Flashpoint and firepoint are 
temperatures which indicate the flammable nature of liquid 
insulations. When temporary fire occurs on the surface due to 
vapour formation, that temperature is noted as flashpoint 
temperature. Further heating of oil will produce persevere fire 
on the surface after the introduction of test flame. That 
temperature is considered as firepoint temperature. Viscosity 
determines the flow nature of oil inside transformers which is 
indirectly related to the cooling capacity of oil. Oil with low 
viscosity will have good heat transfer capacity. For good 
transfer of heat in transformer tank, free circulation of oil is 
required which is possible with moderate viscous oil. Viscosity 
is also a function of temperature which is inversely 
proportional to temperature [17]. Time taken for flow of 50ml of 
oil through the orifice is noted, and viscosity is calculated from 
that time. This measurement is continued for different 
temperatures of oil for studying the viscosity-temperature 
profile. Oil is heated using an electric heater for the 
temperatures of 30°C, 40°C, 50°C, 60°C, 70°C, 80°C and 
90°C. Breakdown voltage of oil samples prepared with 
antioxidants and different oil combinations is tabulated 
formineral oil and sunflower oil combinations, mineral oil 
andrice bran oil combinations, mineral oil and rape seed oil 
combinations and mineral oil and silicon oil combinations 
inprevious Section. From the obtained results of 
breakdown voltage forantioxidants added samples, it is 
evident that all oil samples (individually and blended 
combinations with antioxidants) have higher values of 
breakdown voltage than that of their original form except the 
samples. The samples are preparedby adding antioxidants 
with 90% of mineral oil and 10% ofsunflower oil are prepared 
by adding antioxidants with mineral oil and rape seed oil 
combinations. Base oil samples have higher increment 
percentage inbreakdown voltage after inclusion of antioxidants 
among allinvestigating oil samples. Blended oil combinations 
have slight increment in their breakdown voltages except 
samples prepared with 90% of mineral oil and 10% of rice 
bran oil combinations. Flashpoint and firepoint 
temperatures of antioxidants included mineral oil and 
sunflower oil combinations, mineral oil and rice bran oil 
combinations, mineral oil and rape seed oil combinations and 
mineral oil and silicon oil combinations. Among all 
investigating oil samples with antioxidants, samples prepared 
only with sunflower oil, rice bran oil and silicon oil have 
decreased values for flashpoint and firepoint temperatures. In 
blended combination, samples prepared with 75% of mineral 
oil and 25% of rice bran oil, 75% of mineral oil and 25% of oil, 
50% of mineral oil and 50% of rape seed oil, 75% of mineral 
oil and 25% of silicon oil have lower flashpoint and firepoint 
than those of their individual samples. Base samples of pure 
vegetable oils and silicon oil show increased values for 
flashpoint and firepoint after inclusion of antioxidants.
 Viscosities are measured at different temperatures and 
are shown for antioxidants added mineral oil and sunflower oil 
combinations, mineral oil and rice bran oil combinations, 
mineral oil and rape seed oil combinations and mineral oil and 
silicon oil combinations. All blended combinations prepared 
with silicon oil and antioxidants have reduced values of 
viscosity. Blended combinations of mineral oil and rice bran oil 
added with 1.25g of BHT have shown reduced values of 
viscosity than that of its individual form. This viscosity 

comparison based on temperature of oil is made to ensure 
viscosity values of insulating fluids at operating temperature 
inside transformers [19]. 

 
5 PROPERTIES 
 
5.1 Properties of Antioxidant Added Oil Sample  
 

 
Table 7 Antioxidant added oil sample  

 
From the investigated properties of base oil samples, it is 
known that the breakdown voltage of natural ester-based 
vegetable oil samples and silicon oil is much higher than that 
of investigated mineral oil sample. Vegetable oils have higher 
breakdown voltage value than silicon oil. Similar trend is 
shown in the values of flashpoint and firepoint temperatures. 
Viscosity of mineral oil is much lower than that of vegetable oil 
samples. Viscosity of investigated samples is shown 
decreasing nature as temperature of oil samples increases. At 
90⁰C (operating temperature of transformer) [10]. 
 
5.2 Properties of Antioxidant Added Oil Sample 
For evaluating the influence of antioxidants in properties of 
investigating oil samples, oil properties are measured 
according to specified standards after inclusion of antioxidants 
at required quantity with combinations of oils. Viscosity of 
various blended oil samples after inclusion of 1.25g of  BHA 
with sunflower oil based blended oil samples, rice bran oil 
based blended oil samples, rapeseed oil based blended oil 
samples and silicon oil based blended oil samples are 
tabulated. Sunflower oil based blended oil samples, rice bran 
oil based blended oil samples, rapeseed oil based blended oil 
samples and silicon oil based blended oil samples are mixed 
with 2.5gBHA. 1.25g BHT is included in the Sunflower oil 
based blended oil samples, rice bran oil based blended oil 
samples, rapeseed oil based blended oil samples and silicon 
oil based blended oil samples and the breakdown voltage, 
flash point and fire point values. Measured viscosities of 
various blended oil samples after inclusion of 2.5g of BHT with 
sunflower oil based blended oil samples, rice bran oil based 
blended oil samples, rapeseed oil based blended oil samples 
and silicon oil based blended oil samples are tabulated. 

 
6 OUTPUT RESULTS 
 
6.1 Parameters of sample A and B  
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Table 8 Parameters of sample A 

 

 
Table 9 Parameters of sample B 

 
6.2 Parameters of sample C and D 
 

 

 
Table 10 Parameters of sample C and D 

 
6.3 Ranks for Sample A and B 
 

 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 02, FEBRUARY 2020       ISSN 2277-8616 

5767 
IJSTR©2020 
www.ijstr.org 

 

 
Table 11 Ranks of sample A and B 

 
6.4 Ranks for Sample C and D 
 

 

 
Table 12 Ranks of sample C and D 

 

7 GRAPH 
 
7.1 Main Effects Plot for Means 

 
          Figure 1 Main effects plot for mean value 
 
7.2 Main Effects Plot for SN Ratios 
 

 
      Figure 2 Main effects plot for SN Ratio value 
 

8 CONCLUSION 
In the present reporting validation of optimization problem 
performed by previous researchers has been checked by 
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using desirability function approach followed by response 
surface methodology. The results that have arrived at optimal 
solution are very close to the results obtained by previous 
investigators. The desirability function approach is very helpful 
to tackle multi-objective optimization problems by reducing the 
objectives as well as constraints. The aim of the work is to 
show the application feasibility of desirability function 
approach optimization technique. Evaluation analysis of 
blended insulating oils with antioxidants reveals that inclusion 
of antioxidants has the ability to enhance the critical properties 
of insulating oil samples. Antioxidants have influence on 
properties of oils in such a way that they have combined 
positive and negative impacts on properties of oil samples. 
Initial cost of antioxidants added oil samples is high due to the 
price of antioxidants. But that drawback is overcome by 
constructional outcomes of antioxidants. Hence overall 
investigations have produced vivid solution to problems in 
traditional mineral oil in the aspects of environmental and 
technical characteristics. Those effects are diverse based on 
the selection of base oil samples, blending ratio, antioxidant 
section and quantity of antioxidants. Other than regular 
observations, this work exposes more positive influential 
aspects of antioxidants in insulating liquids such as less 
carbon formation during testing, less tendency of gas 
formation and increase in life time. 
 

9 FUTURE WORK 
As a recommendation for the future research, the proposed 
method can be applied for different engineering and business 
multi-objective and single- objective optimization problems. 
Furthermore, other evolutionary optimization algorithms can 
be investigated to show other applications of the proposed 
parameter tuning approach. Besides, the proposed parameter 
tuning approach can be utilized in the case problems in which 
more than three performance metrics need to be optimized in 
the performance evaluation of the evolutionary optimization 
algorithm, or/and there are more than four parameters of the 
evolutionary optimization algorithm to be tuned. In addition, a 
sensitivity analysis of considering different weights for each 
performance metric of the evolutionary optimization algorithms 
can be considered as an extension of the proposed approach. 
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