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The energy demand of world is mostly based on petroleum products. Mineral
oil is a critical component in Transformer. Oil plays a promistic role for life of Transformer.
Insulation is one of the critical parameter in inside of the Transformer. A major problem
in any country is availability of Transformer oil. Hence substitute of mineral oil is more
important in Transformer. In this work, various oils are applied in transformer safely
and the performance of oil is investigated. This work mainly focuses on a comparative
analysis of break down voltage, viscosity, fire point, flash point and Efficiency of various
oil and mineral oil. It should be verified and compared with mineral oil. It also explains
the efficiency of these oils. The ac breakdown strength of these three oils at different
temperatures was also investigated. The above properties of three oils are implemented
in prototype transformer and the efficiencies of the transformer are calculated.
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Transformer isamost critical component
in transmission and distribution network in power
system?. Insulation used in transformer is of solid
and liquid insulation. Insulating oil (transformer
oil) having high electrical insulation and heat
exchange medium in between windings of
transformers. Transformer oil consists of better
electrical, physical and chemical characteristics.
Most of thetransformer isfailure dueto dielectric
insulation problems?.

High energy efficient transformer ail is
necessary for increasing the efficiency of
transformer at different voltage level in power
system. The work has been made to compare the
new insulating medium with better insulating
properties®. The conventional transformer oils
(mineral oils) are normally non-biodegradable. It
consists of contaminated soil and water. It leadsto
disturb the plantation and other organisms. The
minerd oilswere extracted from petroleum products.
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Thesourceof mineral oil isvery limited sinceitisa
non-renewable energy source. In general natural
ester inminera oil isfire safety, environment, and
insulation ageing advantages. Hence it is to be
suitablefor transformer insulation system®. Inthis
work, an effortistakento find the aternative source
and comparetheenergy efficient levelsof different
oilsin sametransformer.
Experimental Details
M easur ement of Breakdown voltage

Breakdown voltage and oil performance
are determined by Presence of bubbles, Solid
particles, Acidity and Moisture pressure. The
following samples are taken for determining the

performance.
1 Ideal Transformer il (Mineral Qil).
2 Vegetable Oils

a) Ricebran oil

b) Rice bran oil with Furan compound

(Hexagonal Furan Nitrate)

Asper |[EC 60156 standard, the breakdown
voltages of each sampleswere determined at room
temperature by the above oil test kit. The capacity
of oil testkitis60KV. Itisshownin Figures 1and 2.
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It consists of standard oil test cup with spherical
electrode. The electrodes gap distance was
maintained at 2.5 mm during measurement. First ail
test cup was rinsed with the given sample for
measuring the breakdown voltage. Then it was
filled with the samplewhose breakdown voltageis
to be measured (Tablel). The sasmplewasfilled up
to the height not less than 40mm from the top of
the electrode.

Control knob in test kit is used to vary
the supply voltage at the rate of 2kV/s. The
measurement of breakdown voltage of sample il
was carried out 5 to 6 times for all samples. The
average of these values was taken as breakdown
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voltage of that sample. Variousoilsare heated with
110°C, for 5h, 10h, 15h and 20h, for measuring the
breakdown voltage (Table 2). Corresponding graph
isshownin Figure. 3. From the observation of Table
2, ac breakdown strength of Rice bran oil with Furan
compound is much higher than mineral oil.
M easurement of Flash point and Firepoint

A physical property of the transformer
oil isflash point and fire point. Its temperature is
determined at which, the same oil may ignite the
fire and flash. The flash point is the lowest
temperature. It meansthe oil can vaporizetoforma
mixtureof ignitioninair. Thefire pointisthe highest
temperature at which the formed vapour is ready

Fig. 1. Oil test cup — top view

Table 1. Sample Taken for Investigations

Samples  Combination of samples

Ideal Transformer oil

Transformer oil with 110°C, 5h
Transformer oil with 110°C, 10h
Transformer oil with 110°C, 15h
Transformer oil with 110°C, 20h

Ideal Ricebran oil

Rice bran oil with 110°C, 5h

Rice bran oil with 110°C, 10h

Rice bran oil with 110°C, 15h

Rice bran oil with 110°C, 20h

Rice bran oil with Hexagonal Furan Nitrate
Rice bran oil with Furan compound with
110°C, 5h

Rice bran oil with Furan compound with
110°C, 10h

Rice bran oil with Furan compound with
110°C, 15h

Rice bran oil with Furan compound with
110°C, 20h

Sample 1

Sample 2

Sample3

Fig. 2. Qil test kit —front view

Table 2. Breakdown Voltage of Oils

Samples Breakdown
Voltage (kV)
Ideal Transformer oil 36.8
Transformer oil with 110°C, 5h 30.2
Transformer oil with 110°C, 10h 26.4
Transformer oil with 110°C, 15h 22.8
Transformer oil with 110°C, 20h 17.4
Ideal Ricebran ail 304
Rice bran oil with 110°C, 5h 26.6
Rice bran oil with 110°C, 10h 24.8
Rice bran oil with 110°C, 15h 20.2
Rice bran oil with 110°C, 20h 16.8
Rice bran oil with Hexagonal Furan Nitrate 38.4
Rice bran oil with Furan compound with 324
110°C, 5h
Rice bran oil with Furan compound with 30.8
110°C, 10h
Rice bran oil with Furan compound with 28.2
110°C, 15h
Rice bran oil with Furan compound with 24.6
110°C, 20h
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to burn®> 7. Comparison between mineral and
vegetable oil swith applications and environmental
advantages are already described by some
researchers® 1, The flash point and the fire point
were measured as per theASTM D 93 Standard at
room temperature*!2 by using Pensky Martin
Flash point Apparatus. The Apparatusis a closed
cup tester (Fig. 4).

Sampleoil wasfilledin brasstest cup and
thetemperaturewasincreased. Theflash point with
vapour formation and temporary fire on the oil
surface was measured with corresponding
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Fig. 3. Breakdown voltages of various oils
Table 3. Flash point and Fire point of Oils

Flash  Fire
Samples Point  Point
(0 (O
Ideal Transformer oil 259 273
Transformer oil with 110°C, 5h 204 244
Transformer oil with 110°C, 10h 189 197
Transformer oil with 110°C, 15h 167 173
Transformer oil with 110°C, 20h 132 144
Ideal Ricebran ail 253 267
Rice bran oil with 110°C, 5h 198 218
Rice bran oil with 110°C, 10h 183 191
Rice bran oil with 110°C, 15h 161 167
Rice bran oil with 110°C, 20h 126 138
Ricebran oil with Hexagonal Furan 265 282
Nitrate
Rice bran oil with Furan compound 212 250
with 110°C, 5h
Rice bran oil with Furan compound 194 206
with 110°C, 10h
Rice bran oil with Furan compound 178 194
with 110°C, 15h
Rice bran oil with Furan compound 140 156

with 110°C, 20h
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temperature. Similarly, the temperature
corresponding to thefire point was measured with
continuousfireon theoil surfacewhen asmall test
flamewas directed into the sample.

The comparison of flash point and fire
point of variousoilsare shownin Figures5and 6.
The flash Point and fire Point of the mineral oil,
vegetable oil and vegetable oil with Furan
compound samplesaregivenin Table 3.

From the observation of Table 3, theflash
point and fire point of Mineral ail islessthan the
flash point and fire point of Vegetable oils.

Fig. 4. Pensky martin flash point apparatus
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Fig. 6. Fire point of various oils
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M easur ement of Viscosity

Viscosity of oil is one of the important
factorsin transformer. The transformer oil should
have moderate viscosity for cooling the windings
and tank with free circulation. Viscosity of the il
also depends upon the temperature [13]. Thefluid
with low viscosity is easily moved without any
resistance.

As per the ASTM D445 standard, the
viscosity of all oils was measured at room

Fig. 7. Redwood viscometer
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temperature by using redwood viscometer (Figure.
7). Thesampleoil wasfilledinsilver plated ail cup.
Ball valve (orifice) in viscometer is used to allow
the flow of sample and test beaker in viscometer
which is used for collecting the sample. Quantity
of sample oil in beaker is 50 ml. The viscosity of
themineral oil and vegetableoil samplesaregiven
inTable4.

Fig. 8. PrototypelKVA Transformer

Table 4. Viscosity of Oilsin CS

Temp

30°C  40°C 50°C 60°C

70°C 80°C 90°C

Ideal M.O

M.0110°C, 5h

M.0110°C 10h

M.0110°C, 15h
M.0110°C 20h

Ideal R.B.O

R.B.O 110°C, 5h

R.B.O 110°C, 10h

R.B.O 110°C, 15h

R.B.O 110°C, 20h

R.B.O with F.C.

R.B.O with F.C. 110°C, 5h
R.B.O with F.C. 110°C, 10h
R.B.O with F.C. 110°C, 15h
R.B.O with F.C. 110°C, 20h

36 29 23 17
30 26 21 16
28 24 19 14
25 21 17 13
23 19 16 12
75 56 47 35
63 54 43 37
52 44 36 29
45 38 31 26
32 28 23 18
119 114 55 39
110 7 54 38
95 74 52 36
84 68 50 35
7 62 42 28

15 13 12
14 12 11
12 11 10
119 107 9.5
11 10 9
30 24 22
31 25 20
25 21 16
22 18 12
15 12 10
34 30 24
33 29 22
30 24 20
28 20 18
24 19 15

Table 5. Observation of Resistive Load using Mineral Oil

Parameters VoltageLevel Temperature(°C)

No Load Half Load Full Load No Load Half Load Full Load
Mineral Qil 208 205 198 32 78 110
Ricebran oil 213 208 200 32 74 110
Rice bran oil with 218 214 205 32 70 102

Hexagonal Furan
Nitrate
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M easur ement of Power and Efficiency

Efficiency of Transformer is most
important in power system. In general, efficiency
of transformer ishigher than any rotating machine,
since transformer is a static electrical apparatus.
However the efficiency of transformer is tested
under variousliquid insulating oils under various
load conditions. The various load tests were
conducted on Prototype 1 KVA transformer.
(Figures8and 9).

Fig. 9. Windings of 1KVA Prototype Transformer
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M easurement of Voltageand Temperature

In thiswork, test oil was poured into the
transformer. Thewinding was completely immersed
in the oil and the supply is applied to the
transformer. Electrical load is connected acrossthe
output of prototype transformer. Theload voltage
and current were measured at half and full load
capacity with time. In the same way, efficiency
testing methodology was continuing for different
liquid insulations. From the observation of testing,

220
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200
195
190
185

W Mineral Jil

Voltaga laval

M Eice bran il

Mo Half Full
Load Load Load

Fig. 10. Comparison of voltage at different oils under
different load condition

Table 6. Comparative Efficiency Analysis of various Oils

SNo Oils Load Input(Watts) Output (Watts) Efficiency %
1 Mineral Qil Half Load 400 330 82.50
Full Load 675 606 89.78
2. Ricebran oil Half Load 460 368 80.00
Full Load 710 612 86.19
3. Rice bran oil with Half Load 392 342 87.24
Hexagonal Furan Nitrate  Full Load 676 620 91.72
Table 7. Comparative Analysis for Mineral and Vegetable Oils
Parameters Minera Oil VegetableOil Ricebranoil
(Ricebranacil)  with Hexagona
Furan Nitrate
Breakdown Voltage 36.8 KV 30.4KV 38.4KV
viscosity 30°C 36 Cst 75 Cst 119 Cst
60°C 17 Cst 35 Cst 39 Cst
90°C 12 Cst 22Cst 24 Cst
Flash Point 259°C 253°C 265°C
Fire Point 273°C 267°C 282°C
Temperature(°C) 110°C 110°C 102°C
Efficiency % at Full load 89.78 % 86.19 % 91.72 %
Energy Savings Satisfactory Good Very good
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Fig . 11. Comparison of temperature at different oils
under different load condition

the suitable oil from test oils is found out for
improving the efficiency of transformer.

Power taken by prototype transformer is
proportional between the current flowing (Amps),
thevoltage acrosstheresistor (Volts) and the value
of theresistor itself (Ohms). Therelationship stands
regardless of whether alternating current or
direct current is used. Power and temperature of
various oils in transformer at different load
condition is tabulated in Table 5. From the
observation of Table 5, voltage in Rice bran ail
with Hexagonal Furan Nitrateis higher than other
two oils (Figure. 10) and temperature of Rice bran
oil with Hexagona Furan Nitrateislower than other
twooils(Figure. 11).

Compar ativeAnalysisof Oilsand Conclusion
Calculation of Efficiency

Theefficiency of the transformer mostly
depends upon the losses like iron and copper
losses. Core loss depends upon the supply
frequency and flux density in the core. Copper
losses occur in Primary and Secondary windings'.
Therefore, little energy islost in the form of heat
through the windings. 5.

Output
Input

(i) Input Power = Primary winding wattmeter

(i) Output Power =Secondary winding wattmeter.

A comparative study of the Viscosity,
Breakdown voltage, Flash point, Fire point and
Efficiency of vegetableoil and mineral oil aremostly
based (Figure.12) on energy consumption. These
mineral and vegetable oil parametersaretested by
different test equipments like Oil test kit, Pensky
J PURE APPL MICROBIO, 9(SPL. EDN.), MAY 2015,
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Fig. 12. Comparative Efficiency Analysis of various
oils

martin flash point apparatus, Redwood viscometer
and load test.

From the observation of the Tables 6 and
7, the efficiency of Transformer with Rice bran oil
with Furan Compound is higher than the efficiency
of Transformer with Mineral oil. From thereview
of above parameters, a loss of Transformer is
sufficiently decreased at Rice bran oil with Furan
Compound present in the transformer oil. Hence
the efficiency of thetransformer isalso increased.
These results may add credence that vegetable oil
with Furan Compound (Hexagonal Furan Nitrate)
can be used in transformer safely.
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