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Gases can form within the insulation system for various reasons while a
transformer is in operation. If these gases are not promptly and properly
managed, they can negatively impact the transformer's performance. Using
the dissolved gas analysis (DGA) method to identify and assess the type and
quantity of dissolved gases in transformer oil can uncover potential issues
within the transformer. This information is crucial for guiding preventive
maintenance and necessary repairs. Dissolved gas analysis testing was
conducted by extracting transformer oil samples to identify signs of
disturbances in the transformer based on the dissolved gas content. This
research was conducted at the Paiton plant operations and maintenance
services division. The condition of transformers was assessed by analyzing
dissolved gases using the Rogers ratio method. Results indicate that the
transformer at Paiton 9 is in good condition but overheating has occurred and
requires treatment. Conversely, the transformers at Paiton 1 and 2 are in poor
condition, showing signs of electrical faults and excessive heat.
Despite several attempts to add inhibitors and conduct frequent testing,
the transformers remained in poor condition, necessitating their replacement
or repair.
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1. INTRODUCTION

The nominal price of transformers is currently relatively expensive but contributes greatly to the
distribution of electricity which is a primary human need, making transformer maintenance important to pay
attention to, one of the efforts is the need for regular preventive maintenance on all operational components of
the transformer, one of which is the transformer cooling oil element [1], [2]. In general, disturbances in
transformer operation cannot be separated from thermal disturbances and electrical disturbances [3].
Disturbances that occur repeatedly and are not handled quickly and appropriately will result in damage and
cessation of the distribution of electric power [4], [5]. The power transformer is a crucial piece of electrical
equipment in the power system, and its reliability is directly linked to the safety of the entire system. The
concentration of dissolved gas in oil can be obtained by monitoring the dissolved gas analysis (DGA)
technology and then faults in the transformer can be found in a relatively short time [6].
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The ongoing influence of substantial electromagnetic forces leads to changes in the windings of the
power transformer. Preventing the movement of the developing power transformer windings which leads to
major damage is very important, therefore the detection and maintenance of the transformer needs to be carried
out routinely so that the transformer can operate reliably. The sweep frequency response analysis (SFRA)
method was developed to diagnose the mechanical condition of the transformer winding [7]. The method
employed to assess the condition of the transformer windings produces precise results. The power flow
calculation is carried out using the Newton-Raphson method [8], [9]. The results obtained 5 lines that have a
higher IP than the slack bus, so the 5 lines are simulated by removing the line from the power flow model [10].
It is also obtained that these 5 lines affect the power flow of other lines, also increasing the generation of
reactive power and power losses in the lines [11].

In its operating system, transformer oil produces certain gases, where this gas is often one of the
causes of damage to transformers because the more gas contained in transformer oil will cause several negative
impacts such as increased temperature, increased pressure, formation of spark plugs, risk of fire and other
things that often go unnoticed [12]. Maintenance of oil or oil that functions as a lubricant in a transformer can
be done by purifying the gas contained therein, where the purification is carried out in the form of evaporating
the water contained in the transformer oil at the boiling point of the water [13], [14]. The result is CO2 produced
from the oxidation reaction, after which the oil is regenerated by adding inhibitors to neutralize CH* residues
formed from chemical decomposition. Qil purification is done to make it more efficient because the oil can be
reused by returning the oil content to like new without the need to replace the transformer oil [15], [16].

The continued operation of the transformer is highly dependent on the age and quality of the isolation
system [17]. This research will focus on the insulation system, particularly transformer oil, to identify signs of
problems, necessary preventive maintenance, and corrective measures to ensure the transformer’s operational
reliability. Maintenance of the isolation system can be carried out by testing the transformer oil to determine
whether the transformer is in good or bad condition, and the method that can be used is the dissolved gas
analysis (DGA) test [18]. The DGA test is an approach that can be applied to all types of oil (liquid insulation)
and is carried out in an effort to increase the reliability of the power transformer operating system by analyzing
several types of dissolved substances in the transformer oil [19]. The results of the DGA test carried out on
transformer oil will obtain data on the concentration of various types of disturbing gases dissolved in the
transformer oil which will then be analyzed and studied using the Rogers ratio method so that the indication
ratio code for the disturbance that occurs is in accordance with the IEEE C57.104-2008 standard [20]. Based
on this, it will provide an overview of the further actions that need to be taken on the transformer regarding
preventive maintenance or repairs [21].

This research delves into aspects of the DGA method for transformer condition analysis in more detail
than previous relevant studies. Where in this research a special study was carried out on all types of gas
dissolved in transformer oil [22]. Then each gas content will be compared with each other in terms of type and
level and then processed using the Rogers Ratio method to obtain a ratio code which will later be adjusted to
the standard determination level of transformer disturbance (IEEE C57.104-2008) [23], where the aim of this
comparative analysis of dissolved gas is to obtain a higher level of accuracy to find indications of disturbance
in the transformer, its causes and description of the treatment that must be carried out based on the level of
disturbance [24], [25].

2. METHOD

Dissolved gas analysis (DGA) is a diagnostic technique used to evaluate the condition of power
transformers by analyzing the types and concentrations of gases dissolved in transformer oil. The process
begins with the careful collection of oil samples from the transformer while it is in operation, ensuring that the
samples accurately reflect the current state of the insulation system. After collection, the samples are prepared
by filtering and sealing them to prevent contamination before being sent to a laboratory for analysis.

In the laboratory, gas chromatography is employed to separate and quantify the dissolved gases, such
as hydrogen, methane, ethylene, and carbon monoxide. The concentrations of these gases are then compared
to established diagnostic standards, such as the Rogers ratio method and IEEE C57.104-2008 guidelines, to
identify potential faults like overheating or insulation breakdown. The results are compiled into a report that
outlines the transformer's condition and provides recommendations for maintenance or repairs, enabling timely
interventions to prevent failures and enhance the reliability of the transformer. This research was conducted at
the PT Java Bali Paiton 9 and PT Java Bali Paiton 1 and 2 generator facilities located in Paiton District, East
Java. The study focused on analyzing generator units 1, 2, and 9. A visual representation of the research process
is provided in Figure 1.
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Figure 1. Research methods

This research utilized the dissolved gas analysis (DGA) method to analyze the various gases present
in the transformer oil, serving as a parameter to assess the transformer's condition when interference is indicated
based on the insulation system. The analysis begins by extracting a transformer oil sample using the gas
chromatography method to identify the dissolved gases. By extracting oil samples, we can find out how much
and what types of gases are mixed in the transformer oil. These gases are then compared to each other, including
comparisons between methane and hydrogen, ethane and methane, acetylene and ethylene, and acetylene and
ethane. The Rogers ratio method is used to determine the ratio code from these comparisons. The obtained
ratio code is compared with the IEEE C57.104-2008 standard to identify the type of fault that occurs, such as
short circuit or overload. Based on the results of this identification, preventive maintenance actions can be
carried out to prevent further damage, and repair steps can be planned if damage occurs.

The condition of a transformer's insulation can be assessed by analyzing the types and quantities of
gases dissolved in its oil. For instance, elevated methane levels indicate abnormal electrical activity causing
significant heat damage to the insulation. A rapid increase in acetylene concentration signals an urgent need
for transformer repairs. The presence of ethane and ethylene gas in transformer oil generally indicates a
problem with the electrical contacts, such as the tap-changer, or the grounding system. This condition is often
caused by excessive current due to imperfect grounding. However, it is important to remember that the gas
composition in transformer oil can change due to external factors, such as exposure to sunlight which can
slowly change the gas content of the oil.

3. RESULTS AND DISCUSSION

Transformer oil was subjected to multiple tests over a four-day period. The outcomes of these tests,
divided into four specific intervals, are summarized in Table 1. The analysis of dissolved gases in transformer
oil provides critical insights into the operational health of the transformers at PT PJB Paiton. As shown in
Table 1, the concentration of dissolved gases in transformer oil samples indicates that the transformer at
Paiton 9 is in good condition, with acceptable levels of gases such as hydrogen (H2) and methane (CH4).

Table 2 presents the results of transformer oil testing, which was conducted over four periods, with
each test conducted once every three months. In contrast, Table 2 highlights concerning levels of gases in
transformers at Paiton 1 and 2, where elevated concentrations of ethylene (C2H4) and acetylene (C2H2)
suggest potential electrical faults and overheating issues. Readers should pay particular attention to the Rogers
ratio values presented in Table 2, as these ratios are essential for diagnosing the operational health of the
transformers. The analysis reveals that while Paiton 9 requires minor maintenance due to overheating, the
transformers at Paiton 1 and 2 exhibit significant signs of distress, necessitating immediate corrective actions
to prevent further damage.

3.1. Quantification of dissolved gases in transformer oil

To calculate the value of the dissolved gas ratio in transformer oil, a comparison was made between
methane and hydrogen, ethane and methane, acetylene and ethane, and acetylene and ethylene. The results of
the gas comparison for PT. PJB Paiton 9 are presented in Table 3. The quantification of dissolved gases in
transformer oil is crucial for assessing the condition of the transformers and identifying potential issues. As
presented in Table 3, the analysis compares the concentrations of various gases, including methane (CH4),
hydrogen (H2), ethylene (C2H4), and acetylene (C2H2). The data indicates that the ratios of these gases can
reveal significant insights into the operational status of the transformers. For instance, elevated levels of
hydrogen and methane may suggest abnormal electrical activity, while increased concentrations of ethylene
and acetylene can indicate potential insulation breakdown or electrical arcing.

The results of the dissolved gas comparisons for PT. PJB Paiton 1 and 2 are presented in Table 4.
Table 4 further illustrates the concentrations of specific gases during different test periods, allowing for
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comparative trend analysis. The focus is on changes in gas levels over time, as these fluctuations may indicate
worsening conditions that require immediate attention.

By analyzing the specific gases present within the transformer and calculating their ratios according
to the IEEE.C57.104-2008 standard, it is possible to identify the nature of the problems affecting the
transformer. The results of these calculations are summarized in Table 5. Table 5 presents the Rogers ratio
values derived from the gas comparisons, which are essential for diagnosing the type of faults present in the
transformers. It is important to note that a high Rogers ratio may indicate severe issues, necessitating urgent
maintenance. Table 6 shows the code ratio resulting from the comparison of dissolved gases. Table 6
summarizes the overall dissolved gas analysis, which provides a comprehensive picture of the transformer’s
health. Examining the data in these tables provides a clearer understanding of the current condition of the
transformer and the actions needed to ensure its reliability and longevity.

Table 1. Oil test results of PT. PJB Paiton 1 and 2 transformers on May 6-10, 2019

Material Period | Period Il Period 11 Period IV
H,O 20.2 22.6 20.9 255
H, 8.6 6.8 74 5.0
CH, 401.4 392.0 400.4 376.5
C,H, 3.4 4.0 3.9 3.6
CoHy 1008.4 1002.6 1026.0 998.5
C;Hs 262.5 258.0 275.3 252.6
Cco 677.0 666.0 683.4 632.9
CO; 4892 4124 5000 4766
TDCG 2361 2329 2404 2269

Table 2. Transformer oil test results of PT. PJB Paiton 9 on May 6-10, 2019

Material Period | Period Il Period 11 Period IV
H,O 9 14.7 11.9 10.5
H, 5.0 5.0 5.0 5.0
CH,4 71 7.8 6.8 6.7
C,H, 05 0.5 05 05
C,H,y 3.7 2 2 2
C,Hs 3.7 3.8 2 2.2
Cco 245 279.7 315.6 329.5
CO; 819 1170 1522 1469
TDCG 262 264 326 343

Table 3. Analysis of dissolved gases
No Methane hydrogen Ethane methane Ethylene ethane  Acetylene ethylene

1 46.6744186 0.008470354 2.512207275 0.003371678
2 57.10810811 0.687562438 2.557653061 0.00398927
3 54.10810811 0.687562438 2.562437562 0.00380117
4 75.3 0.670916335 2.652058433 0.003605408

Table 4. Analysis of dissolved gases
No Methane hydrogen Ethane methane Ethylene ethane Acetylene ethylene

1 1.42 0.521126761 1.0 0.135135135
2 1.56 0.487179487 0.526315789 0.25
3 1.36 0.294117647 1.0 0.25
4 1.34 0.328358209 0.909090909 0.25

Table 5. Dissolved gas calculation on May 6 to 10, 2019
Period Acetylene ethylene  Methane hydrogen  Ethylene ethane

Period | 0 2 1
Period 11 0 2 1
Period 111 0 2 1
Period IV 0 2 1

Table 6. Analysis of dissolved gases

Date Acetylene ethylene Methane hydrogen Ethylene ethane
October 31, 2018 1 2 1
January 1, 2019 1 2 0
February 27, 2019 1 2 1
April 9, 2019 1 2 0
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3.2. Gas analysis using the Rogers ratio technique

The analysis involves comparing the dissolved gas results in transformer oil with the IEEE.C57.104-
2008 standard. This comparison helps determine whether the transformer is experiencing a disturbance or is in
normal or abnormal condition. It also identifies necessary actions if a fault is found, preventing further
deterioration, ensuring the transformer's functionality without compromising its performance, and extending
its lifespan.

Based on the collected data, the concentrations of carbon monoxide and carbon dioxide at PT. PJB
Paiton 9 exceed the established gas standard limit of 250 ppm, with an average value of 350 ppm dissolved in
the transformer oil. Additionally, the ethylene gas concentration in the generator transformers at PT. PJB Paiton
1 and 2 surpasses the standard limit of 50 ppm, reaching an average value of 1000 ppm. The presence of
abnormally high levels of acetylene, hydrogen, and ethylene gases at PT. PJB Paiton 1 and 2 signifies a
deteriorating transformer condition. This indicates a need for immediate maintenance and reduced operational
efficiency. Conversely, increased carbon dioxide and carbon monoxide levels suggest a relatively healthy
transformer, capable of continued operation.

Overall, the results of the analysis of dissolved gases in transformer oil show that the concentrations
of carbon monoxide and carbon dioxide at PT. PJB Paiton 9 exceed the standard limits, with an average value
of around 350 ppm, while the ethylene levels in Paiton 1 and 2 reach an alarming 1000 ppm, far above the
acceptable threshold. Compared to previous studies, such as the study by Nurul [1], which reported lower gas
levels in normally operating transformers, this study shows a significant decline in transformer health. The
increasing levels of acetylene, hydrogen, and ethylene observed in Paiton 1 and 2 are in line with indicators of
severe electrical disturbances, emphasizing the need for immediate maintenance and continuous monitoring to
prevent catastrophic failure.

4. CONCLUSION

This study assessed the operational health of transformers at PT PJB Paiton through the quantification
of dissolved gases in transformer oil. The findings reveal that while the transformer at Paiton 9 is operational,
it faces overheating issues that require immediate intervention. In contrast, the transformers at Paiton 1 and 2
are in critical condition, exhibiting elevated levels of ethylene and acetylene, which indicate significant
electrical faults and insulation degradation. These results align with previous research emphasizing the
effectiveness of dissolved gas analysis (DGA) as a diagnostic tool for transformer health.

By employing the Rogers ratio method in accordance with IEEE C57.104-2008 standards, this study
validates the relationship between gas concentrations and transformer failures. The identified gas signatures
not only support existing theories but also underscore the importance of regular maintenance to prevent severe
operational failures. Overall, this research enhances the understanding of transformer behavior under stress and
contributes valuable insights for improving predictive maintenance strategies, thereby advancing the field of
transformer reliability.
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