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Abstract— The paper presents an investigation based on an 

experimental work of the dielectric behavior for transformer oil 
with palm oil at different mixture and temperature. The basic 
properties of transformers mineral insulating oil should be 
introduced to have a better understanding of dielectric strength 
of oil mixture. The author has highlighted oil resistivity and  
breakdown voltage (BDV) during the experimental work of 
Deodorized Palm Oil (RBDPO) mixed with transformer oil 
namely mineral oil (MO) at 40°C to 60°C. Testing was made at 
40°C to 60°C according to IEC 156 standard by using AC Modul 
System circuit of Hivolt Power Diagnostic and MegaOhm 1KV 
3005A megger was used to evaluate the resistivity. The highest 
breakdown strength is achieved 44kv at 80% of RBDPO content. 
The result of resistivity that was influenced by temperature also 
presented. 

Index Terms— Refined Bleached Deodorized Palm Oil; 
Mineral Oil; Insulation; Breakdown Voltage; Resistivity 

I. INTRODUCTION 
Transformers demand better quality of oil since it is well 

known operating at high voltages and heavy duty. Although at 
low voltages, lightly operates, transformer demand for high 
quality oil is not critical but compulsory [1]. Mineral oils as a 
part of petroleum source are so demanding in today’s world. 
Transformers use small fraction of the total mineral oil 
consumption as insulation, yet this fraction is almost not 
irreplaceable since it was non-renewable source. However, 
spillage or drainage leakage of this insulation oil could reflect 
toward environmental problems such as contamination of 
water supply, air and toxicity of soil[2].. 

Palm oil a category of vegetables oil is a biodegradable oil 
and environmental friendly. Researchers found that palm oil as 
new alternative insulation for transformer oil[1,2,3]. It was 
reported that palm oil has excellent breakdown voltage, high 
flash point and fire point compared to mineral oil at low and 
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medium temperatures[4,5,6,7]. Refined, Bleached and 
Deodorized Palm Oil (RBDPO) was found that has good 
potential to be used as transformer insulating fluid[8].  

To enhance of previous research, it is essential to 
investigate and identify the electrical characteristic of the 
mixture of RBDPO with mineral oil (MO), since MO has been 
use as good insulating fluid in transformer for many years. 
Hence, the work which has been conducted in this study are 
focusing on the investigation on breakdown voltage 
characteristics of RBDPO with MO mixture at 40˚C to 60˚C 
and the relation of resistivity factor of RBDPO and MO 
mixture with the breakdown voltage. The optimum 
characteristics from the finding is based on the comparing the 
result with the standard [1, 2, 3, 16]. 

II. EXPERIMENTAL 
The framework to start an experimental lab work is shown 

in Fig. 1. Samples were prepared as Fig 2. Experimental of 
breakdown voltge test (Fig 3 & 4) and resistivity test (Fig.5) 
were conducted at ambient temperatures of transformers 
(40˚C-60 ˚C) in High Voltage lab. Thus, the data collection of 
this experiments were repeated until 6 times where it is vital to 
verify the experimental results.. 
 

 
Fig.1 Framework an experimental lab work 
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A. Samples Preparation 
Firstly, the experimental was started with providing the 

sample, where it  is the mixture of RBDPO with MO. RBDPO 
and MO are mixed from 10 % to 100% ratio. Which is 10% 
means 10% RBDPO/MO 90%, 100%RBDPO/MO 0% means 
pure RBDPO without MO . Figure 2 shows the mixture of 
RBDPO with MO varies from 10 % to 100% mixtures. Each 
bottle contains 400ml samples . 

 

 
B.  Breakdown Voltage Measurement 

Figure 3 shows AC Modul System circuit of High volt 
Power Diagnostic fully semi-automatic breakdown voltage 
test set is capable of supplying up to 100kV of breakdown 
voltage test with the diagram at Figure 4. The test cell has a 
volume capacity of 400ml consists of VDE electrodes with the 
gap of 2.5mm was rinsed by same samples mixture before 
filled with the 400ml oil mixture until the electrodes 
completely dipped .The experiment constructed as electrical 
diagram in Figure 4. The measurements considered 
automatically started 5 minutes after start button was pressed 
from main control panel as Operator Devices BG 5 illustrated 
in Figure 4. The voltage was rise automatically in the rate of 
2kVs-1 until breakdown occurs. The breakdown voltage 
results were recorded at six measurements per test with 2 
minutes gap between consecutive breakdowns. The results 
were taken in average of six measurements. The experiment 
was conducted with varied temperature from 40˚C to 60˚C. 

 

 
Fig. 3 The AC Modul System circuit of Hivolt Power Diagnostic fully semi-

automatic breakdown voltage test set 

Figure 3 shows the diagram of test cell with the AC Modul 
System circuit test set configuration was used to evaluate the 
breakdown voltage up to 100kV according IEC 156.   
 

 
C.  Resistivity measurement 

Fig. 5 show the MegaOhm 1KV 3005A construct with oil 
test cell used in this experiment. The test cell has a volume 
capacity of 400ml, consists of (VDE) electrodes with the gap 
of 2.5mm was heated with 400ml sample of oil on hot plate 
for 5 to 10 minutes at the same time stirred thoroughly to 
ensure the temperature equilibrium in the test cell. The 
resistivity test of each oil mixture was conducted by apply 
1KV injected into the samples average six times under the 
temperature of 40°C to 60°C .The temperatures were 
confirmed by Digital Thermocouple.The results appears on the 
panel were recorded manually. 

 

 
Figure 5: MegaOhm 1KV 3005A with oil test cell 

 The electrical resistivity ρ (rho) can also be given by 
equation and can be determined by using the following 
formula: 

λ
ρ RA

=  (1) 

The cross section area of electrode,A is given as follow:
WA λ=  (2) 

Where 𝜆𝜆 and W are length and width of electrode, and R 
is resistance.  In this experiment, the gap of electrode is set 
2.5mm.  Based on the equation (1), the unit of electrical 
resistivity ρ (rho) is Ωmm. 

 
Fig. 2 Mixture of RBDPO with MO varies from 10% to 100% of RBDPO 

content 

 
Fig. 4 Diagram of AC Modul System circuit with test-cell configuration 
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III. RESULT AND DISCUSSION 
A. Breakdown Voltage Characteristic 

Figure 6 shows the breakdown voltage dependence on the 
RBDPO/MO mixture for 40˚C, 50˚C and 60˚C. MO 100%  as 
plotted at 0%-The result depicts that the breakdown voltage 
abruptly decline at 10% RBDPO, when the MO 70% is mixed 
with 30% of RBDPO, there is an increasing result at all 
temperatures. The highest reading of breakdown voltage 
shows the mixture of 80% RBDPO with 20% MO at (1) 40˚C, 
(2) 50˚C and (3) 60˚C 

 
Fig 6. Breakdown (Y-Axis) dependence on  percentage of RBDPO with MO 
mixture (X-Axis) at 40°C, 50°C, and 60°C  
 

The breakdown occurs rapidly might due to moisture, 
oxidation products and other contaminants [9]. The moisture 
level of the insulating liquid is depended on the type of 
insulating liquid, its chemical composition and also its molar 
weight, means RBDPO's moisture level might be high. 
However, the higher breakdown strength of the RBDPO with 
MO mixture fulfilled and maintains the characteristic of the 
desired properties as insulation oil [10, 11]. At 80% RBDPO 
with 20% MO mixture, it can be related with suspended 
particles theory that is stated that slow movement rate of gas 
bubbles when high voltage injected through electrode and it is 
completely bridged the gap when achieved maximum strength 
that cause breakdown when the voltage achieved 44kV. 
Bridging process of the gas bubble can be explained when 
electric field is applied, the electrostatic repulsive forces 
between space charges of the oil molecules become sufficient 
to overcome the surface tension which produce the gas 
bubbles according to the suspended particle theory [9] 

B. Resistivity Characteristic 
Figure 7 shows the resistivity dependence on the 

RBDPO/MO mixture for 40˚C, 50˚C and 60˚C. Results show 
the resistivity dependence tends to decrease when the capacity 
% of RBDPO/MO mixtures are increased from 0% until 
100%. It is seen that the resistivity dependence are influenced 
by capacity of fluid properties.. 

 
Fig.7. Resistivity dependence on RBDPO with MO mixture (Y-Axis) at 
temperature  40°C, 50°C, and 60°C (X-Axis) 
 

Furthermore, results also show the RBDPO at 60 degree of 
temperature are the lowest resistivity value and then followed 
by the RBDPO at 50 and 40 degree of temparatures.  In 
addtion, the RBDPO at 60 degree tends to decline fastest than 
RBDPO 50 and 40 degree. Thus, can be concluded that 
relation of resistivity between viscosity and temperature are 
related to the heat evaporation that is the energy to separate 
molecules of substance [15].  

Investigations of the electrical resistivity of RBDPO with 
MO mixtures showed that, its resistivity is affected by 
temperature, and polar components properties such as water or 
moisture, fatty acid, and viscosity.[12-14]. Besides, if the 
temperature of oil increased, the resistivity would decreased 
logarithmically [15]. Mineral oil has highest resistivity 
(4977.08M-Ωmm) at 40˚C, lowest resistivity(4888.75MΩ-
mm). Thus, it concluded that theresistivity of liquid insulation 
changes with changing the temperature. This corresponding is 
happen due to the effect of temperature changes and 
consequently the dimensions of the conductor in liquid will 
change as it expands or contracts. So far, MO given highest 
resistivity at all temperatures. 

IV. CONCLUSION 
A mixture at 80% RBDPO with 20%MO shows better 

result compare to others. The experiment of breakdown 
voltage and resistivity of RBDPO/MO mixture at 40°C to 
60°C has been studied The breakdown voltage result shows 
slightly increased with the increasing percentage of the 
RBDPO mixture where at 80% RBDPO with 20%MO has 
achieved the highest breakdown voltage. The breakdown 
voltage of RBDPO/MO is affected by the temperature of 
material, density of ratio, chemical bonding of oil, and the 
viscosity ratio. High viscosity of this mixture ratio causes the 
increment of resistivity which slowing down the movement 
rate of gas bubbles to the electrode. All the breakdown voltage 
of RBDPO/MO was above 30kV which fulfilled the IEC 
standard while the result of resistivity of RBDPO/MO not 
achieved  requirements as good insulation. 
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