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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.

Keywords: Mineral oil, Ester oil, Synthetic Antioxidants, Breakdown, Viscosity, Optimization Method.

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
liguid 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.
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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

5762

IJSTR©2020
WWW.ijstr.org


mailto:*5senthilkumarneceee@gmail.com

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 02, FEBRUARY 2020

Egs. (1)—(3). If the target (Ti) for the response yi is a maximum
value, the desirability is based on Eqg. (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).
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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),

1
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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

SAMPLE OIL NATURE OF OIL
S1 Transformer Oil (TO) Mineral
52 Sunflower Oil (SFO) Natural Ester
53 Rice bran Oil (RBO) Natural Ester
54 Rape seed Oil (R50) Natural Ester
55 Silicon Oil (50) Synthetic

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

ISSN 2277-8616

Qil 1 Oil 2
Sample Base Oil Percentage Base Percentage

o) on o)
M1 51 g0 52 10
M2 81 75 52 25
M3 51 50 52 50
M4 81 90 83 10
MS 51 75 53 25
Me 81 50 83 50
M7 51 =l 54 10
MS 51 75 54 25
Mo 81 50 84 50
M10 81 g0 85 10
M11 51 75 385 25
M12 s1 50 S5 50

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 Detalils

Chemical Name Origin Chemical Function
Formula
Butylated Synthetic C.H.0- Free Radical
Hydroxy Anisole Antioxidant Scavengers
(BHA)
Butylated Synthetic CuH-0 Free Radical
Hydroxy Toluene Antioxidant Scavengers and
(BHT) Metal Chelators

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 ofl1.25g 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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Sample

0Oil Constitutes

51+1 23gBHA

S2+125gBHA

83+123gBHA

S4+125gBHA

S3+125gBHA

M1+125g BHA

M2Z+125g BHA

N3+1 25g BHA

M4+125g BHA

M35+125g BHA

Me+1.25g BHA

Al2

M7+125g BHA

Al3

ME+123g BHA

| NI

MO+1.25g BHA

AlS

MM10+1.235gBHA

Al

MM11+1.25gBHA

AlT

MM12+1.23gBHA

Table 4 Blended antioxidant sample A

3.5 Sample B Details

Sample 0il Constitutes
Bl S1+2.5gBHA
B2 52+25gBHA
B3 83+25zBHA
B4 84+25z BHA
B3 835+2.5g BHA
B6 M1+2.35g EBHA
B7 M2+23g BHA
=4 M3+2.35g BHA
BS M4+23g BHA
El10 M3+2.5g BHA
Bl1 M6+2.3g BHA
El1Z M7T+2.35g BHA
Bl13 ME+2.3g BHA
El4 MO+2 5z BHA
B13 MI10+25g BHA
El6 M11+2 5z BHA
E17 M12+25g BHA

Table 5 Blended antioxidant sample B

3.6 Sample C Details

Sample Oil Constitutes
C1 S1+1253g BHT
[553 52+125g BHT
C3 S3+125gBHT
C4 S4+125g BHT
C35 553+123g BHT
[=r] MM1+1253g BHT
CT M2+125g BHT
Ccg MM3+123g BHT
Co M4+125g BHT
C10 MM3+123gBHT
C11 M6+123g BHT
cC1z MT+123g BHT
C13 MME+125g BHT
C14 MMO+125g BHT
C13 nI10+1 25gBHT
C1é Bi11+1 25gBHT
C17 12+125gBHT

Table 6 Blended antioxidant sample C

3.7 Sample D Details

Sample Oil Constitutes
D1 S1+2 3gBHT
D2 S52+2 5z BHT
D3 S3+2 3g BHT
D4 S4+2 5 BHT
D> 53+2 5z BHT
D& MM1+23g BHT
D7 MM2+2 35g BHT
Ds
Do MM4+2 5g BHT
D10 M3+2 35g BHT
DII M6+2.5g BHT
D12 M7+2 5g BHT
D13 M8+25z BHT
D3 M9+25g BHT
DIs MI10+2.5g BHT
D16 MI1+25g BHT
D17 MI12+25g BHT

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
qguantity 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 oll,
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
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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

Properties Sample

51 s2 53 54 S5

Breakdown voltage (kv) 234 31 356 32 30
Flashpoint ("C) 164 280 230 320 284
Firepoint ("C) 182 206 245 340 206
30°C 18.3 57 81.35 90.25 2554

40°C 16.2 50.15 62.9 62.1 22.1
50°C 13.45 43.24 48.49 50.23 19.25
Viscesity (cSt) | 60°C 11.24 3142 399 4233 16.91
70°C 9.81 2533 33.82 35.56 12.55
80°C 8.87 2121 22.33 24.01 10.21

20" C 7.53 19.5 13.64 13.67 8.80

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
90°C (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 oll
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 oll
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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Sample Breakdown Flashpoint Firepoint Viscosity c4 56 285 294 74.85
Voltage _ C3 27 230 245 16.44
Al EX] 220 220 1740
3 1% 376 338 3631 c6 25 191 200 20.61
A3 51 271 286 7087 c7 43 196 202 224
A4 33 280 290 7285 [ 39 186 209 258
A3 27 218 242 15.44 c9 42 155 211 17.95
Ab b3 193 206 20.64 cl10 32 205 206 239
AT 46 183 202 1344 cil 39 206 221 27.21
7 22 7785
AS 37 188 229 2783 cn 753 188 191 2543
AD 40 193 206 1601
C13 276 188 201 3216
ATD 30 201 206 2503
Cl4 287 203 210 3458
ATl X 204 220 2022
- - C15 28 155 212 19.78
AlZ 273 180 126 27.43
Al3 286 128 201 30.13 c16 33 181 190 124
Ald 307 703 718 3231 c17 31 158 207 13.54
AlS 26 194 216 17.78 Sample Breakdown Flashpoint Firepoint Viscosity
Al6 31 186 203 1544 Voltage
D1 30 220 230 184
Al7 10 201 215 1854
o2 49 280 290 355
Table 8 Parameters of sample A D3 36 280 291 7985
D4 55 280 303 8387
Sample | Breakdown Voltage | Flashpoint Firepoint Viscosity D5 32 233 235 1736
Bl 33 229 239 1948 D6 Y 150 203 =
B2 48 279 288 36.54 o7 Y 155 203 SERE)
B3 4 281 283 77.85 D8 38 197 229 3087
B4 55 288 305 8286 o5 - 159 509 B
5 2 21572
B 30 230 . 174 D10 34 204 209 2004
25 7 7 5
BO - 194 207 2365 D11 39 203 234 3324
7 7
BY i 197 200 3.6 D12 26 186 191 26.43
BS 40 150 227 3287 -
D13 33 181 205 3214
B9 44 197 207 1894
D14 30 203 215 3451
B10 34 205 208 2793 _ _ _
D13 26 103 215 1871
Bl1 40 206 232 3024
D16 34 185 206 1746
B12 28 188 185 2743
D17 30 108 200 1553
B13 30 185 204 30.15
Bl4 32 207 219 3251 Table 10 Parameters of sample C and D
B15 28 193 218 1975
516 T 5 G T 6.3 Ranks for Sample A and B
B17 33 203 217 1753
Individual Desirability
Table 9 Parameters of Samp|e B Sample [Breakdown | Flashpoint | Firepoint | Viscosity | Composite | Rank
Voltage Desirability
6.2 Parameters of sample C and D Al 025 037037 | 036134 | 0.060304| 042430657| 9
A2 078125 | 088889 | 0.835714 |06914%6| 0.80097426 | 1
Sample | Breakdown Voltage | Flashpoint | Firepoint Viscosity e 0875 084250 | 033033 | 017733 | 057613902 1
C1 32 270 233 18.02 A4 09375 092593 | 0.87395 |0.148472] 0.37932171 3
2 a7 778 290 3776 AS 0125 044444 | 047059 1 040210747 11
- Af 0 012037 | 0.16807 |0822872 [ 32
C3 53 273 288 72.87
AT 071875 | 0.138%0 | 0.13445 |0881341]032979234| 18
AR 04375 007407 | 036134 | 0.81593 [ 031264720 21
AD 053125 | 0.12037 | 0.16807 |0.978196| 03202078 | 20
AlD 021875 | 0.19444 | 0.16807 | 0.844408| 027873700 | 23
All 046875 | 022222 | 036134 | 079361 | 041599448 | 10
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Al2 0.134373 0 0 0.82216 0 32 Individual Desirahility
Alj 0175 007407 | 012605 | 0.781815| 0.18903302 19 Sample | Breakdown | Flashpeint | Firepoint | Viscosity| Composite | Rank
; Desirability
Ald | 0240625 | 023148 | 026891 |0.746811| 032521284 19 Voltage e
D1 01875 0375 | 033308 | 001605 | 038858243 10
Al3 0.09373 0.12963 0.2321 |0963292| 023319926 26 _ _ ___
D2 078125 | 005182 | 088496 | 0.67675 | 08165424 1
15 355 3 ¥ ) ¥
Al6 0.25 0.03336 | 0.14236 ! 021105341 28 D3 1 095102 | 0.89381 | 0.05625 | 046772086] 7
A7 | 01875 | 019444 | 02437 | 0.95302]030342405| 22 57 | 056e5 | 085153 T 3 3 T
D5 023 03 057522 | 09202 | 0.5084005 §
Individual Desirability D6 0 008654 | 0.13274 | 0.85160 0 31
Sample | Breakdown [ Flashpoint [ Firepoint | Viscosity| Composite | Rank D7 | 06235 | 013362 | 0.13274 | 085001 |031214221| 13
Voltage Desirability i 04375 | 015385 | 034513 | 074157 |036228532| 12
Bl 03113 04337 | 044538 [0.940077) 048360402) 3 Do 03623 017308 | 0.16814 | 002165 | 035046046 | 13
B2 078125 | 001667 | 085714 | 0.687036] 0.80383818| 1 D10 03123 022115 | 0.16814 | 0.73438 | 030600713| 16
B3 006875 003510 086555 | 007431 04913174 3 D11 046873 021134 038938 | 0.70841 | 040667479 g
= : : 1 3 D12 0.0623 0.04808 | 0.00885 | 0.60369 | D.06799191| 30
_ _ _ _ _ _ DI3 | 028125 0 0.13274 | 07238 0 31
B3 021875 046296 | 055402 [ 0970929| 048324752
D14 0.1875 023077 | 022124 | 0.69064 | 0.28514977| 19

B6 0.0623 0.12963 | 0.17647 | 0.878226| 0.18824166| 30

D13 0.0623 0.11538 | 022124 | 091171 | 0.19529301 26

BT 0.8135 | 015741 | 0.11763 | 0.878968) 033911783) 13 Di6 | 03125 | 003846 | 014156 | 056202 | 019041461 25

Bl 0.53125 009239 | 034454 | 0.741471| 033481246 16 D17 0.1873 0.16346 | 0.16814 | 095621 | 026454800 21

BY 065625 | 015741 | 0.17647 | 0.948087| 036257088 12
205 > > Table 12 Ranks of sample C and D

B10 034373 023143 | 0.18437 | 0.814743| 033087493 17

Bll 0.53125 024074 | 038635 | 0.780481| 044320574 § 7 GRAPH

Bl2 0.13623 007407 | 002321 | 0.82216 | 0.12445266| 31 7.1 Main Effects Plot for Means

Bl3 021873 008333 | 013126 | 0.781813| 021347613 127

Main Effects Plot (data means) for Means
B14 028125 023 027731 | 0.746811| 03473782 14 T dmsamt of B, (q)
o=
B13 0.15625 013889 | 026891 | 0936072 027186293 24 .
Bl6 03123 006481 | 0.15966 | 0.984871| 023736233 15 E os
=
B17 03125 | 021296 | 02605 | 0969 |036001715] 13 T
.. i .
o3
Table 11 Ranks of sample A and B . /\/‘A/ \/
o 4
6.4 Ranks for Sample C and D R R BB GBS & e
Tndividual Desirability Figure 1 Main effects plot for mean value
Sample [Breakdown | Flashpoint | Firepoint | Viscosity | Composite | Rank
Voltage Desirabiliey 7.2 Main Effects Plot for SN Ratios
c1 025 0.85577 | 038053 | 0.92137 | 0.32333487 5
c2 071875 003260 | 088406 | 0.65216 | D.78867338 3
C3 0.50625 0.88462 | 086726 | 0.15301 | 0.37104565 4 Main Effects Plot (data means) for SM ratios
c4 1 1 002035 | 0.12621 | 0.38379371 3 . o e Tt o B T
cs 0.00375 047115 | DA8673 | 004347 | D37738608] 11
c6 003125 D.09615 | 00885 | 0.88513 | 0.12386138| 28 -
c7 0.65625 0.14423 | 0.10610 | 0.8600% | 0.30402453 17 %
cs 046875 DO04808 | 016814 | 081251 | D 23555661| 23 SE o _‘A — —
co 035625 0.13462 | 0.18584 | 092235 | 0.33753038| 14 3 /\/*'
cio 025 023077 | D.14150 | 083000 | 028773483 18 R
c11 046875 024038 | 027434 | 0.7927% | 0.39565805 9
c12 0.165625 | 006731 | 000285 | 0.81760 | 0.00477082| 20 |
Cc13 D1125 D06731 | 000735 | D 72352 | 015106560 27 PP S LSRN P L S DD L > L
ci14 0146875 | 021154 | 0.176590 | 065966 | 0.24815653| 22 Semsbimncise: lamer | bemer
C15 0.125 0.13462 | 0.19460 | 0.80674 | 0.23281118| 24 Figure 2 Main effects p|0t for SN Ratio value
C16 028125 O] O] 1 0 31
C17 | 021875 | 0.16346 | 0.15044 | 098405 | 026973527 20 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.

10 REFERENCE

[1] C. Perrier, A. Beroual, J. L. Bessede. “Improvement of
Power Transformer by using Mixtures of Mineral Oil with
Synthetic Esters”, IEEE Transactions on Dielectrics and
Electrical Insulation, Vol. 13.2013.

[2] S. Senthil Kumar, M. Willjuice Iruthayarajan and
M.Bakrutheen, “Investigations on Suitability of Rice Bran
Oil andCorn Oil as Alternative Insulating Liquid for
Transformers”, IEEJ Transactions on Electrical and
Electronic Engineering, Vol. 11, No. 1, pp. 10-14, 2016

[3] Viet-Hung Dang, A.Beroual, C.Perrier “Comparative Study
of Statistical Breakdown in Mineral, Synthetic and Natural
Ester Oils under AC Voltage”,IEEE Transactions on
Dielectrics and Electrical Insulation Vol. 19.

[4] TV. Ommen, “Vegetable Oils for Liquid Filled
Transformers”, |IEEE Electrical Insulation Magazine, Vol.
18, No.1, pp. 6-11,2002.

[5] Matharage, Fernanado, Bandara, Jayantha and Kalpage,
“Performance of Coconut Oil as an Alternative
TransformerLiquid Insulation”, |IEEE Transactions on

ISSN 2277-8616

Dielectric andElectrical Insulation, Vol. 20, No. 3, pp.
887-898, 2013.

[6] S. Tenbohlen, “Ageing Performance and Moisture
Solubility of Vegetable Oils for Power Transformers”,
IEEE Transactions on Power Delivery, Vol. 25, No. 2, pp.
825-830, 2013.

[71 A. Raymon, P. Samuel Pakianathan, M. P. E. Rajamani
and R. Karthik, “Enhancing the Critical Characteristics of
NaturalEsters with Antioxidants for Power Transformer
Applications”, IEEE Transactions on Dielectric and
Electrical Insulation, Vol. 20, No. 3, pp. 899-911, 2013.

[8] R.L. McCormick, M. Ratcliff, L. Mones and R. Lawrence,
“Several Factors Affecting the Suitability of Biodiesel

inStandard  Accelerated Test”, Fuel processing
technology, Vol. 88, pp. 651-657, 2007.
[9] S. Gowthama Kannan, L. Kalaivani, M. Willjuice

Iruthayarajan and M. Bakrutheen, “Investigations on
Critical Properties of Blended Edible Natural Esters
Based Insulating Oil”’, IEEE International Conference on
Circuits, Power and Computing Techniques (ICCPCT),
pp.- 345-349, 2014.

[10] S. Senthil Kumar, M. Willjuice Iruthayarajan and M.
Bakrutheen, “Analysis of Vegetable Liquid Insulating
Medium for Applications in High Voltage Transformers”,
IEEE International Conference on Science, Engineering
and Management Research (ICSEMR), pp. 1-5, 2014.

[11] P. Boss and T.V. Ommen, “New Insulating Fluids
forTransformers based Biodegradable High Oleic
Vegetable Oiland Ester Fluid”, IEEE Colloquium on
insulating liquids, pp. 1-10, 1990.

[12] IL. Hosier, A. Guushaa, E. W. Westenbrink, C. Rogers,

A. S. Vaughan and S. G. Swingler, “Aging of

Biodegradable Oils and Assessment of their Suitability

for High Voltage Applications”, IEEE Transactions on

Dielectrics and Electrical Insulation , Vol. 18, No. 3, pp.

728-738, 2011.

Krishnamoorthy, P. R., S. Vijayakumari, “Effect
ofAntioxidants and Metal Deactivator on the Oxidation
ofTransformer Oil’, IEEE Transactions on Dielectrics
andElectrical Insulation, Vol. 27, No. 2, pp. 271-277,
1992.

[14] M. Mobin, M. Mobin, Z. Li, Multi-response optimization of
cavitation peening parameters for improving fatigue
performance using the desirability function approach, Int.
J. Appl. Decis. Sci. 9 (2) (2016) 156-181.

[15] R. Radha, M. Willjuice Iruthayarajan and M. Bakrutheen,
“Performance of natural high oleic ester based blended
oilinsulation for transformer”, International Conference
onintelligent Systems and Control (ISCO), 2016

[16] Karthik. R and Sree Renga Raja. T, “Investigations
ofTransformer Oil Characteristics”, IEEJ Transactions
ofElectrical and Electronics Engineering, Vol. 7, pp. 369-
374, 2012.

[17] IEC 60156, Insulating liquids — Determination of the
Breakdown Voltage at Power Frequency —Test Method.
ThirdEdition, Vol. 11, 2013.

[18] Dua R, Bhandari N and Kumar V., “Multi-criteria
optimization for obtaining efficiently blended transformer
oil’, IEEE Transactions on Dielectrics and Electrical
Insulation, Vol. 15.

[13]

5768

IJSTR©2020
WWW.ijstr.org



