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ABSTRACT:  Isolation is a separator between conductors in electrical equipment that 

prevents flashover, resulting in a short circuit or electrical failure. Isolation is critical in 

electrical appliances, exceptionally High Voltage Power Equipment (HVPE), to ensure the 

safety of circuit breakers, capacitors, and transformers. In addition to being an isolator, the 

insulating liquid material also serves to cool the heat generated by electrical appliances. 

Isolator with mineral oil-based transformer has various environmental issues, including non-

biodegradability, non-renewability, and rarity. Because it is environmentally safe and 

extensively used, virgin coconut oil (VCO) is an alternative transformer oil insulation. This 

study aims to determine the properties of Virgin Coconut Oil (VCO) breakdown voltage using 

the IEC 156 standard and oil temperature conditioning. According to the test results, the oil 

breakdown voltage before heating (at room temperature) is 14 kV, which is much below the 

IEC 156 standard, and the breakdown voltage after heating at 90 ° is 35 kV, and 110 ° is 40 

kV, which is even higher than the IEC 156 requirement 
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1. INTRODUCTION 

Insulation acts as a barrier between the voltage conductors in electrical equipment, 

preventing an electric jump resulting in a Short Connection or electrical failure. Insulation is 

used in a variety of applications. Insulating materials are classified into three classes based on 

their physical properties: gas, liquid, and solid. Liquid type insulation is utilized in high voltage 

electrical equipment such as transformers because it acts as a separator and a cooling material. 

When applied to high-voltage equipment in the field, if the voltage applied exceeds the 

dielectric strength of the liquid insulation, a breakdown voltage can occur. Generally, liquid 

insulation used in transformers is produced from petroleum, such as transformer oil sold under 

the Nynas and Shell Diala brands [1]. 

Petroleum is a non-renewable natural resource because its renewal takes a very long time 

(millions of years). According to National Geographic, in 2009, the amount of crude oil 

remaining on earth was estimated at around 1.2 trillion barrels. Although many new oil fields 

are discovered, the current supply is not comparable to the discoveries of these fields. Based 

on the current picture of consumption, which reaches 87 million barrels per day, it is estimated 

that 1.2 trillion barrels of oil will run out in 44 years. Furthermore, liquid insulation made from 

petroleum processing is not suitable for the surrounding environment because the waste is 

complicated to biodegrade. Therefore, it is necessary to replace liquid insulating materials from 
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petroleum with other liquid insulating materials that are environmentally friendly and 

renewable natural resources. 

One type of liquid insulating material that can substitute for petroleum liquid insulation is 

natural esters which are commonly found in vegetable oils. Vegetable oil is included in 

renewable natural resources and biodegradable when the oil is no longer used and disposed of 

into the wild. In addition, vegetable oil also has a high burning point and is very easy to find. 

In terms of composition, the liquid insulating material in transformer oil derived from 

petroleum consists of a complex mixture of hydrocarbon molecules containing bound CH3, 

CH2, and CH molecular groups. In this case, the hydrocarbon molecular bonds are also present 

in vegetable oils. One type of vegetable oil that can be used as a liquid insulating material is a 

vegetable oil derived from virgin coconut or Virgin Coconut Oil (VCO). [12] 

Based on the description above, a study was carried out to know the level of breakdown of 

voltage (Breakdown) with Virgin Coconut Oil (VCO. Therefore, it can reference further 

research related to the feasibility of Virgin Coconut Oil (VCO) as a substitute for liquid 

insulating materials derived from petroleum. In addition, several tests were carried out 

regarding the IEC 156 standard.   

 

2. MATERIALS AND METHOD 

The instrument in this study is designed to create spherical electrodes used in the 

breakdown voltage test. For the test tank constructed of acrylic, the electrode size is developed 

with a diameter of 12.7 mm, and the electrode material is steel (according to the IEC 156) 

standard, as shown in Fig. 1. The distance between the ball electrodes can likewise be varied 

with spherical electrodes. The design of ball electrodes and test containers used in measuring 

the breakdown voltage utilizing equipment with an AC voltage source is shown in the diagram 

below.  

 

Fig. 1. Testing Vessel 

 

The breakdown voltage tester (Breakdown) operates on the principle that a voltage 

generator supplies a voltage supply gradually from 0 to 100 kV with an increase of 2.0 

kV/s, at a frequency of 50 Hz, to two electrodes in the test vessel insulating oil separated 

by a predetermined distance based on the reference standard used. The process of 

increasing the voltage continues until the electric charge on the two electrodes is fully 
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charged, at which point the insulating oil gradually bridges the electrical charge between 

the two electrodes, resulting in a fast connection.  

The value of the voltage at the time of the Short Connection is the value of the 

breakdown voltage (Breakdown). Then after that, the voltage increase will start again from 

0 kV until it reaches the voltage that causes the next Short Connection. The occurrence of 

a Short Connection like this repeatedly continues until six values of breakdown voltage are 

obtained. 

 

Fig. 2. Breakthrough Voltage Test Circuit 

 

This breakdown voltage test aims to measure the dielectric strength of an insulating oil's 

capacity to tolerate electric stress. In most cases, insulating oil that is clean and dry will 

have a high breakdown voltage. However, several factors, including high water content and 

precipitated particles in the insulating oil, can drastically affect the breakdown voltage. As 

a result, impurities such as water content and other particles can be detected using this 

breakdown voltage test. In other words, a low breakdown voltage value can indicate the 

presence of a small number of contaminants in the insulating oil or even a large number of 

contaminants. On the other hand, a high breakdown voltage does not necessarily mean that 

the insulating oil is free of all impurities.  

The oil sample used in this investigation was Virgin Coconut Oil (VCO), as shown in 

Fig. 2. The IEC 60156 standard was used to conduct the breakdown voltage test in this 

investigation, which was carried out with homemade test equipment.  

According to the IEC standard, a ball electrode with a diameter of 12.7 mm is utilized. 

Fig. 3 shows the type of each electrode (ball electrode type 12.7 mm) when a size of 2.5 

mm is used for the space between the electrodes when the test is performed.  

 

Fig. 3. Ball type electrode 12,7 mm 
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The IEC 60156 standard does the testing of the breakdown voltage (Breakdown). 

According to the IEC 60156 standard, the electrode type is a 12.7 mm ball electrode with 

a 2.5 mm gap between the electrodes. The steps for checking the breakdown voltage are as 

follows:  

a. Prepare test equipment and Virgin Coconut Oil (VCO) samples, clean the test container 

with oil samples, and rinse the electrodes used in the test.  

b. Fill the test container with the oil sample until it reaches a predetermined size of around 

400 ml, then ensure the electrode is submerged in the oil sample. Next, start the test 

with a 6x BdV test.  

c. Start the test with a 6x BdV test  

d. Clean up all of the equipment and test equipment after all of the appropriate tests have 

been done. For example, before storing the oil sample, remove it from the test container 

and clean it.  

The operational temperature limit below which the insulating oil begins to burn is 

known as the flashpoint. The higher the value of an insulating oil's flashpoint (Flash Point), 

the better the insulating oil's resistance to the flashpoint (Flash Point) and hence the oil's 

non-flammability. °C is the unit of measurement for this test result (degrees Celsius). The 

IEC 60422 and ASTM D93 standards were employed in the testing, and the test equipment 

used was the Pensky Martens Flash Point Tester, as shown in the Fig. 4.  

 

Fig. 4. Pensky martens flash point tester 

 

3. RESULTS AND DISCUSSION  

Some information was gathered for the study from the results of earlier testing. The 

following is the information gathered from the test results. Data breakdown voltage was 

utilizing a 12.7 mm ball electrode with a 2.5 mm gap between the electrodes. Data on the water 

content of each sample collected before and after oil temperature conditioning. Before and after 

oil temperature conditioning, each sample's viscosity was measured. Before and after oil 

temperature conditioning, data on flashpoints were gathered from each sample. Table 1 is 

presented value of breakdown voltage (kV). 
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Table 1 Value of Breakdown Voltage (kV) 

Test 

Breakthrough Voltage (kV) 

without 

Conditioning 
30°C 50°C 70°C 90°C 110°C 

1xBdV 14 18 23 28 35 40 

2xBdV 11 15 21 26 33 38 

3xBdV 9 14 20 25 30 36 

4xBdV 8 11 20 23 28 36 

5xBdV 8 10 18 22 26 34 

6xBdV 7 10 18 22 26 33 

Fig. 5 shown the results of the Breakdown voltage test (Breakdown) of Virgin Coconut 

Oil (VCO) using a ball electrode type 12.7 mm with an interval of 2.5 mm may be seen to 

evaluate the data in table 1 in greater depth. 

 
 

  Fig. 5. Breakthrough voltage graph at conditioning temperature 

 

Fig. 6 show that when a breakdown voltage is applied, the breakdown voltage value tends 

to decrease. However, due to particles (dirt) being settled in the oil around the electrodes, as 

shown in Fig. 5 and 6, it causes breakdown voltage to accelerate. 
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Before BdV    After BdV 

Fig. 6. Breakdown voltage system 

In theory, the stress on the insulation is a pull or pressure (stress) that the force must resist 

within the insulation to prevent penetration. The electrons are securely bonded to the molecule 

in the chemical structure of an insulating substance, and this bond resists the tension induced 

by the stress. If this bond is disrupted in one location, that location's insulating characteristics 

are lost. When a voltage is applied to an insulating material, electrons are transferred from one 

molecule to another, resulting in conduction or leakage currents.  

 

4. CONCLUSION  

Following several tests on Virgin Coconut Oil (VCO), which included determining the 

breakdown voltage at average temperatures and conditioning temperature variations, it was 

determined that the breakdown voltage value under normal conditions (without Conditioning) 

is only 46.67 percent of the breakdown voltage value. However, the breakdown voltage value 

can still be used as a comparison tool for the breakdown voltage value during Conditioning 

that meets or surpasses the IEC 156 standard's breakdown voltage value, namely 90° with a 

breakdown voltage of 35 kV/2.5 mm and 110° with a breakdown voltage of 40 kV/2.5 mm.  
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