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CHAPTER 1 
 

INTRODUCTION 

 
 

1.1      General Introduction 

           Power transformers are vital components in the transmission and distribution 

of electrical power. Insulating oil in a power transformer is commonly known as 

transformer oil and used to form part of transformer insulation. It is normally obtained 

by fractional distillation and subsequent treatment of crude petroleum. That is why 

this oil is also known as mineral insulating oil. The four functions of insulating oil are 

to provide cooling, insulation, protection against chemical attack and prevention of 

sludge buildup. 

           In several parts of the world, most of the power transformers are operated 

beyond their design life and with higher average loads than ever before. Thermal and 

Electrical stresses are major disturbances that affect the performance of a power 

transformer regarding insulation deteriorations. Thus, when thermal and electrical 

stresses are higher than minimum permissible values, they cause deterioration of 

cellulosic materials and insulating oil as well. It is known that whenever a power 

transformer undergoes abnormal thermal and electrical stresses, certain gasses are 

produced due to decomposition of insulating oil; and when the fault is major, the 

production of decomposed gasses are more, and they are collected in the Buchholz 

relay. Further, when abnormal thermal and electrical stresses are not significantly 

high, gasses due to decomposition of transformer insulating oil will get enough time 

to dissolve in the oil. Hence, by only depending on the Buchholz relay, it is not 
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possible to predict the condition of the total internal healthiness of electrical power 

transformer. That is why it becomes necessary to analyze the level of different gasses 

dissolved in transformer oil in-service. Dissolved gas-in-oil analysis (DGA) has been 

widely accepted for condition monitoring of oil-filled power transformer. Several 

diagnostic methods based on DGA have been achieved for interpreting existing faults 

from the types and amount of dissolved gasses available in the transformer oil. Some 

of these are key gas, Dornenburg ratio and Roger’s ratio methods which are based on 

IEEE C57.104-2008. Other methods are IEC ratio and Duval triangle which are based 

on IEC 60599-1999. From the dissolved gas-in-oil analysis (DGA), one can predict 

the actual condition of internal health of a transformer through a number of dissolved 

gasses. Based on the type of fault gasses and their proportions the type of incipient 

failure can be deduced. 

 More studies have been undertaken to understand the physical and chemical 

phenomena occurring in the mineral oil during thermal and electrical stresses. Fofana, 

Bouaicha, Farzaneh, and Sabau, (2008); Boudraa, Mokhnache, Fofana, (2014) 

showed that during oil decomposition not only dissolved gasses are generated but also 

colloidal suspensions. Yardaz and Sarathi, (2015) explained that decomposition of 

cellulose and insulating oil molecules might formulate new molecules and acidic 

residues which are hazardous for cellulosic material. The presence of by-products in 

oil was further explained to be harmful in the transformer insulation by causing a 

gradual reduction of oil quality. Colloidal suspensions were reported to support the 

acceleration of oxidation in liquid insulation which results in increased acidity level 

and hence destruction in solid insulation; and formation of insoluble sludge which 

reduces the cooling rate of insulation system (Boudraa, Mokhnache, Fofana, 2014). 
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Therefore, accelerated oxidation and formation of insoluble sludge greatly reduce the 

quality of transformer insulation especially liquid insulation. Liquid insulation can be 

used as an important, informative tool for condition monitoring with about 70% of 

occurred situations (Boudraa, Mokhnache, Fofana, 2014). However, previous works 

have demonstrated condition monitoring of transformer with the use of dissolved 

gasses only without considering the quality of liquid insulation. The accumulation of 

dissolved gasses in oil reduces the quality and ability of the insulating oil to withstand 

stress. 

 

1.2     Research Objectives 

           The interrelated studies considered in this thesis are; 

1. To develop computer software with database for storing DGA   

information and simplify diagnoses process, 

2. To perform diagnoses by using key gas, Dornenburg ratio, Roger’s ratio, 

IEC ratio and Duval triangle methods implemented in the DGA 

software, 

3. To conduct condition monitoring based on the results of in-service 

transformers obtained from the DGA software. 

 

1.3      Scope and limitation of the study 

      In this study, transformer’s life diagnosis was performed by using the results 

of dissolved gas-in-oil analysis. Twenty-eight samples of mineral insulating oil from 

in-service transformers were sampled from transformers available in Suranaree 

University of Technology. Sampling was performed in three batches, daytimes with 

humidity less than 50%, kept in amber colored bottles and later transported in a 
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sample carrier to avoid any contamination and exposure to UV lights. Seven gasses 

were extracted from samples i.e. H2, CO, CO2, CH4, C2H6, C2H4, and C2H2. Then, 

transformer’s life was diagnosed by investigating the type of existing fault and 

condition of the transformer. 

 The expected benefits from the developed DGA software includes: 

o To enhance condition monitoring of in-service oil-filled power 

transformers, 

o To save time and money from outsourcing the jobs of performing 

condition monitoring, 

o To reduce risk of failure of in-service oil-filled power transformers, 

o To transfer technology into the society and new generation at 

minimum costs. 

 

1.4      Thesis structure 

     An outline of this thesis is as follows: 

   Chapter 1 gives the general introduction, research objectives, scope and 

limitation of the study and thesis structure. 

   Chapter 2 explains fundamentals of mineral oil used as insulating oil in 

power transformers. The study of the aging mechanism of insulating oil is further 

discussed. Also, DGA computer based software used for condition monitoring of 

transformers have been analyzed. 

   Chapter 3 describes the development of DGA computer based software, its 

features, implementation of diagnostic methods, and implementation of the database. 

Validation of DGA software is further described. 
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   Chapter 4 illustrates DGA experiment including its installation and test 

procedures.  

   Chapter 5 describes the design and application of test cell for the simulating 

corona in oil. It also discusses an investigation of existing relationship between 

individual dissolved gas and breakdown strength values from stressed samples.  

   Chapter 6 discusses the results obtained in DGA and their application in 

condition monitoring of transformers.  

   Chapter 7 concludes the results of condition monitoring in transformer 

insulation and suggests measures to be taken.  

 

1.5      Chapter summary 

            This chapter described the general introduction about oil filled power 

transformer. Transformer insulation in general as well as liquid insulation especially 

mineral insulating oil has also been discussed. The major standard for interpreting 

existing fault inside the transformer and the methods used for diagnosis in dissolved 

gas-in-oil analysis have been explained. Lastly, the objectives of research including 

the scope and limitation of the work have been mentioned in this chapter.  

 



 
 

 

CHAPTER 2 

 

LITERATURE REVIEW  
  

 

            The main goal of this study is to perform power transformer’s health diagnosis 

by evaluating dissolved gas-in-oil results of mineral insulating oil. This helps to know 

the health condition of the power transformer to operate safely before a total failure 

occurs. However, varieties of dissolved gases are generated and accumulated in the 

power transformer oil due to the decomposition of insulating oil during thermal, 

electrical and environmental stresses (Ashkezari, Saha, Ekanayake, and Ma, 2011; 

Muhamad, Phung, Blackburn, and Lai, 2012; Rondla, Falahi, Zhan and Goulart, 

2012). The level of dissolved gasses mainly depends on the intensity of energy 

dissipated (Indra, Rajaram, and Gnanasaravanan, 2000). Furthermore, Sukbirr and 

Bandyopadhyay, (2010) showed that solubilities of fault gasses in transformer oil, as 

well as their temperature dependence, are also important factors for consideration in 

fault analyses. It should be noted that there are two orders of magnitude difference 

between the least soluble H2 and the most soluble C2H2 gas. The majority of gasses 

that are indicative of faults are also those that are in general more soluble in oil. Over 

a temperature range of 0 – 80 C some gasses increase in their solubility up to 79% 

while others decrease their solubility up to 66%. Several studies have been undertaken 

to study the condition based maintenance based on dissolved gasses and estimating 

the life of power transformers. 
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2.1     Fundamentals of insulating oil 
 

            Mineral insulating oil is an oil of mineral origin, refined from petroleum crude 

oil through fractional distillation process (Allen, 2009; Erdman, 1988). Like the crude 

oil themselves, insulating oils are mixtures of many hydrocarbon molecules having a 

variety of structures and a distribution of molecular sizes and weights. Most of these 

hydrocarbons fall into three broad classes: Alkanes (paraffin), Cycloalkanes (also 

called naphthenes, naphthenic or cycloparaffins) and Aromatics (Bartnikas, 1994). It 

is then treated to remove impurities and to obtain the most desirable properties to 

make it suitable as an insulating and cooling liquid (Erdman, 1988). Mineral oils used 

in electric apparatus are specified to have certain characteristics that permit reliable 

performance for many years (Hirschler, 2000). The most important property of an 

insulating liquid is the highest dielectric strength, and for cooling, the liquid is a low 

viscosity. Other properties are important to show the absence of impurities and to 

show the degree of stability for long life. Properties indicating purities are also 

important in consideration of the ability of oil to be with the other materials used in 

transformer construction (Erdman, 1988). Mineral oil is the most commonly used 

liquid in power transformer both for its physicochemical properties and low cost 

(Martinez-Vega, 2010). It provides insulation between live and grounded metal parts 

inside the transformer, protects solid insulation, dissipates heat energy and used as a 

diagnostic tool Horning, (2013).  
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            2.1.1 Chemical composition of insulating oil 

                     Due to the complexity of hydrocarbon mixture, mineral insulating oils 

are characterized in terms of molecular classes and subclasses present rather than by 

individual chemical species. One approach is based on the determined empirical 

relationship between physical properties of oil (viscosity, specific gravity and density, 

refractive index) and the percentage of carbon atoms in the oil present in each of the 

major structural organization of the hydrocarbons, which are paraffinic, aromatic and 

naphthenic. These relationships have been expressed algebraically and the numerical 

values, usually in percentage, of CA the fraction of Aromatic, CP of Paraffinic, and CN, 

of Naphthenic, can be calculated (Rizk and Trinh, 2014). For good fresh insulating 

oil, it is desirable to have more of saturable paraffin, less of aromatics and/or 

naphthenes and none of the olefines. However, for better stability of properties, it is 

necessary to have optimum aromatic and/or naphthenic hydrocarbons. Such an 

optimum balance is struck carefully controlled during the refining process. Depending 

upon the predominance, oil is usually termed as a paraffinic base or naphthenic base 

(BHEL, 2003).   

1.       Paraffinic based mineral insulating oil 

               The paraffinic structure can be a straight or branched group of 

molecules. Paraffin molecules have low thermal stability and have a low solubility for 

water and oxidation products. The straight paraffin structure hurdles the free flow of 

oil at low temperatures and thus content of such type of molecules must be reduced. 

Figure 2.1 shows the molecular structure of Paraffinic based mineral insulating oil. 
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Figure 2.1 Molecular structure of Paraffinic base insulating oil  

             (Rizk and Trinh, 2014). 

 

2.       Naphthenic based mineral insulating oil 

               The naphthenic structure has excellent low-temperature 

properties and better solvency power than paraffin. They usually have ring structures 

and also known as Cycloalkanes. Figure 2.2 shows the molecular structure of 

Naphthenic based mineral insulating oil. 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 Molecular structure of Naphthenic base insulating oil  

                                    (Rizk and Trinh, 2014). 
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            2.1.2 Electrical properties of insulating oil 

                     1.         Dielectric strength 

                 This is also defined as breakdown strength of transformer oil and 

is given in terms of kV. It is measured by observing at which voltage, sparking starts 

between a gap of two electrodes immersed in the oil. For mineral insulating oil, 30 kV 

is normally considered as a fair value for in-service transformers. The lower value of 

breakdown strength indicates the contamination of insulating oil with moisture and 

conducting particles. According to IEEE 60156, oil is kept in a test cell with one pair 

of electrodes fixed in a gap of 2.5 mm and then the voltage is slowly rose between the 

electrodes. The rate of rise of voltage is generally controlled at 2 kV/s and the voltage 

at which sparking starts between the electrodes is taken as the breakdown voltage. 

Measurement is performed to six times and the average value of these reading is taken 

as the strength of the oil. 

 

2.       Specific resistance 

              This indicates the ability of the insulating oil to resist current 

during normal and full load conditions. It is measured in ohm-cm (-cm) and at a 

specific temperature. When temperature increases, the resistivity of oil rapidly 

decreases. This condition is similar to when the transformer is fully loaded; the 

temperature rises and may go up to 90 °C. Therefore, the resistivity of the insulating 

oil should be high at room temperature and good value at high temperature as well. 

This shows the importance of measuring the specific resistance of transformer oil at 

27 °C as well as 90 °C. Minimum acceptable values of specific resistance of 
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transformer oil at 90 °C and 27 °C is 35 × 1012 -cm and 1500 × 1012 -cm 

respectively.  

 

3.       Dielectric Dissipation Factor (tan δ) 

               An ideal insulating material may be considered as a non-

conductor of electricity acting as a pure capacitance when built into equipment. 

However, in practice, conduction occurs and finite losses are produced that may be of 

great importance during the test and operating conditions (James and Su, 2008). 

Therefore, when an insulating material is subjected between live and grounded part of 

the electrical equipment, leakage current must flow. Since insulating material is 

dielectric in nature the leakage current through the insulation ideally leads the 

instantaneous voltage by 90o. The finite losses are represented by a slight change in 

the current phase in relation to the applied alternating voltages. In most practical 

cases, insulating materials are not perfect dielectric in nature. Hence, the leakage 

current through the insulating material leads the instantaneous voltage with an angle 

little bit shorter than 90°. The tangent of that angle is called dielectric dissipation 

factor or sometimes tan delta of transformer oil. The leakage current through an 

insulating material have two component i.e. capacitive or reactive and another one is 

resistive or active (see Figure 2.3). Their relationship can be expressed as shown in 

(2.1).  

 

    IR / IC = tan |δ|                         (2.1) 

 

Figure 2.3 shows that the relationship between tangent delta or tan δ and components 

of the leakage current. From Figure 2.3 it can be seen that the value of δ is small when 
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the resistive component of the leakage current IR is small which indicates a high 

resistive property of the insulating material. 

 

 

 

 

 

 

 

 

 

Figure 2.3 Phasor diagram of practical (lossy) dielectric  

                                           (James and Su, 2008). 

 

                     High resistive insulation means that insulating material is a good 

insulator. Hence it is desirable to have loss angle as small as possible. When the value 

of tan δ is high, it indicates the presence of contaminants in transformer oil. 

Sometimes tan δ and resistivity of insulating oil can be closely related to each other. 

The lower the resistivity of the insulating oil, the higher is the value of tan δ and vice 

versa. Therefore, tan δ is a measure of the imperfection of dielectric nature of 

insulation materials like insulating oil. 
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            2.1.3 Chemical properties of insulating oil 

         1.         Moisture content 

                     Paper insulator is highly hygroscopic in nature. In normal 

operating temperature, normally during normal loads, it absorbs the maximum amount 

of water from the oil.  But during full load conditions, oil becomes hotter, hence the 

solubility of water in oil increases, as a result, the paper releases water and increase 

the water content in transformer oil. That is why oil temperature is of great 

importance during sampling. Moisture or water content in transformer oil is strongly 

unwanted as it affects adversely the dielectric properties of oil by supporting 

oxidation process. When the oxidation process occurs, acids are formulated in the oil, 

raise the solubility of water in the oil, and later, acids combined with water further 

decompose the oil forming more acid and water. The multiplicity of oxidation 

gradually increases the deterioration of the insulating oil. Accurate measurement of 

water content in a low level can be performed by the use of Coulometric Karl Fisher 

titrator and expressed in parts per million (ppm). The Karl Fischer titrator is shown in 

Figure 2.4. This method determines the amount of water by using Karl Fischer 

reagents such as iodine, sulfur dioxide, bases, and alcohols, which selectively and 

quantitatively react with water. The chemical equation for this reaction is shown in 

(2.2). From Figure 2.4, the method produces Iodine in proportion to the quantity of 

electricity according to Faraday's Law, on which the amount of water can be 

estimated based on the coulombs required for electrolytic oxidation as shown in (2.3) 

 

           I2+SO2+ 3Base + ROH + H2O          2Base + HI + Base + HSO4R              (2.2) 

 

      
                                  1mg of water     =     10.71 coulombs                          (2.3) 



14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4 Coulometric Karl Fischer titrator  

            (Karl Fischer method, 2013). 

  

2.         Acidity 

                      Acidity is a detrimental property as it causes water content to 

become soluble in the transformer oil. Moreover, it accelerates the oxidation process 

in the oil which deteriorates the insulation property of the paper in windings and 

causes rusting of metals in the presence of moisture. The level of acidity of 

transformer oil indicates the acidic constituents of contaminants and it is express in 
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mg of KOH required to neutralize the acid present in a gram of oil. This is also known 

as neutralization number. 

 

            2.1.4 Physical properties of insulating oil 

   1.         Interfacial tension 

               This is a measure of molecular attractive force between water and 

oil and is expressed in Dyne/cm or milli-Newton/meter. It is useful for deducing the 

presence of polar contaminants and oil decay products. Normally, good or new oil 

should have higher interfacial tension. Oil contaminants like those due to oxidation 

lower this property.  

  

   2.         Flashpoint 

               This defines the temperature at which insulating oil can give 

enough vapors to produce a flammable mixture with air. With this mixture, a 

momentary flash is most likely to occur when a flame is applied under standard 

condition. This property is of very importance as it specifies the chances of fire 

hazard in the transformer. Therefore, transformer oils are required to have a very high 

flash point, of about 140 °C. 

 

   3.         Pour point 

               This specifies the minimum temperature at which oil just start to 

flow under standard test condition. It is a very important property for extremely cold 

areas. This means that, if the temperature drops below pour point insulating oil can 

stop flowing and obstruct cooling system. Pour point is normally depends upon wax 

content in the oil. Paraffin-based oil has more wax content and higher value of pour 
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point, compared to Naphtha based oil (Transformer insulating oil and types of 

transformer oil, 2017). 

 

   4.         Viscosity 

               This is the resistance to the flow of insulating oil when subjected 

under normal condition. Good insulating oil must have low viscosity to offer less 

resistance to the conventional flow of oil. Since every liquid becomes more viscous 

when the temperature is decreased, for the best insulating oil viscosity should increase 

more slowly. 

 

   5.         Density 

               BHEL (2003) described this test for special significance when the 

transformer is operated at a very low-temperature zone. The maximum value of 

density fixed at 29 C ensures water in the form of ice present in oil remain at the 

bottom and does not tend to float on the oil up to a temperature of about -10 C. 

 
            2.1.5 Functions of insulating oil 

                     Mineral insulating oil serves the following functions when utilized in 

power transformers: 

 

         1.         To provide dielectric strength 

               Kraft paper and mineral oil are the two materials that are most 

widely used as insulators in transformers (Horning, 2013). The two materials give the 

classical property when used as the dielectric strength material. An oil soaked paper 

gives a stronger dielectric than when oil is added arithmetically to the dielectric 

http://www.electrical4u.com/electrical-resistance-and-laws-of-resistance/
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strength of the paper. From this combination, the dielectric strength of about 20-25% 

greater than just adding the dielectric breakdown strength of the two materials 

together can be observed. Mineral oil is widely employed as a liquid insulation due to 

its low cost and availability than other liquids. Oil/paper combination is affected by 

aging more slowly than in the case for either stand-alone material (Horning, 2013). 

 

         2.         To protect paper insulator 

               The mechanical strength of paper insulator is mostly broken 

down by the effects of heat, moisture, and oxygen whereby 85 percent of all 

transformer failures occur because the paper has weakened to the point where it can 

no longer recover from stress (Horning, 2013). Therefore, the paper insulator is 

protected by insulating oil from the effects of heat, oxygen, and moisture. The oil 

helps to transfer the heat away from the paper immersed in the oil and core as it is 

generated. When oil deteriorates, by-products are formed in the oil and paper 

insulations which are very aggressive toward the paper and actively tear it apart, 

molecule by molecule. The mechanical strength of the solid insulation reduces 

drastically with the increase in by-products. Maintenance of the insulating oil can 

restore its ability to protect the paper. 

 

         3.         To transfer generated heat 

               The physical properties of the oil are determined by the 

composition of the oil. The distribution and type of hydrocarbons present, and the 

molecular weight of those components determine key physical properties such as the 

viscosity profile, specific heat, relative density and coefficient of expansion for the oil 

(Horning, 2013). These key physical properties determine how well the oil will move 
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to a point where heat can be “picked up” from the core and coils, absorb the excess 

heat, transport the excess heat from where it is not wanted to the shell of the 

transformer, and finally dissipate the excess heat to the atmosphere. As it ages in 

service, the oil’s characteristics with regard to the heat transfer change very slowly. 

For a long period of time, until solid sludge builds up in the oil, there will be basically 

no changes. As solid sludge forms, it will start to precipitate out of the oil. This will 

impede heat transfer by coating the metal surfaces where heat is dissipated by the oil 

to the atmosphere. Sludge from aged oil will also fill in pores and other structures in 

the solid insulation preventing complete passage of the oil into and out of the coil. 

That condition further impedes proper heat transfer. The physical properties that 

define the oil’s heat transfer capability do not change substantially during the aging 

properties, so almost all of the effects concerning heat transfer are due to sludge 

formation”. 

 

         4.         A diagnostic tool 

               The internal condition of the transformer can easily be diagnosed 

through the use of insulating oil. It is helpful in describing existence and type of the 

incipient fault in the transformer. 

 

 

 

2.2     The study of aging mechanism of insulating oil 

            Oil deteriorates because it oxidizes. The hydrocarbons in the oil react with the 

dissolved oxygen to form oxidation by-products in the oil which are sometimes called 

decay products, oxidation products, oxidation compounds or aging by-products in the 

oil. Insulating oil deteriorates and oxidizes in different rates which depend on some 

variables. The higher the deterioration rate, the more frequent maintenance is 
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required, and the more is the damage done to the solid insulation if the required 

maintenance is delayed (Horning, Kelly, Myers and Stebbins, 2013). Referring to 

James and Su, (2008), aging effects are long time changes that occur in service. In 

Karmakar, Roy and Kumbhakar, (2011) the insulating oil of high voltage equipment 

was stated to be degraded due to the combination of aging processes such as electrical 

arcing, thermal aging and oxidation while it is operating in a long time of service. 

Arora and Mosch, (2011) described the aging process as a continuous process in oil 

filled equipment. Ingress of moisture, oxygen from the atmosphere and the presence 

of metallic parts of an apparatus like copper, lead, aluminum, and others under the 

catalytic effects of metal ions were showed to accelerate the oxidation reaction in oils 

at high working temperatures. The result gives the rise of oxidative products such as 

alcohols, ketones, esters, peroxides and acids which combine to form higher-

molecular-weight compounds, both soluble and insoluble in oils; whereby insoluble 

oxidative products not only darken the oil color but in advance stage they lead to the 

formation of sludge. According to Chakravorti, Dey, and Chatterjee, (2013), factors 

that affect the life expectancy of the transformer are all neither known nor properly 

understood. 

 

2.3     Dissolved gas-in-oil analysis 

            Dissolved gas-in-oil analysis has demonstrated to be extremely useful and 

consistent diagnostic tool in the detection and identifying incipient fault conditions in 

oil immersed power equipment especially transformer. It was first applied by 

Waddington and Allan of G.E.C. Power Engineering Ltd, Trafford Park Manchester 

to small distribution transformers having no Buchholz relay. The evidence of internal 
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faults were observed by extracting dissolved gasses through vacuum treatment 

(Collacott, 1977). Nowadays DGA is widely used in industries as a primary 

diagnostic tool for transformer maintenance (Harlow, 2012). Laboratory-DGA 

involves taking samples of insulating oil, extracting dissolved gasses and quantifying 

those (Winders, 2002). DGA process use either of the two techniques when extracting 

dissolved gasses from samples: (i) Gas chromatography (ii) Photoacoustic 

spectrometry       

 

            2.3.1 Gas chromatography technique 

                     This is a chemical analysis performed to detect and quantify organic 

substances from the sample. It consists of the narrow tube known as a column which 

is used to pass different chemical constituents of a sample through a gas stream 

(carrier gas) at different rates depending on their chemical, physical properties and 

their interaction with a specific column filling, called the stationary phase. Stationary 

phase separates components of the sample which cause each one to exit the column at 

a different time (retention time). Retention time can be altered by varying carrier gas 

flow rate, column length, and the temperature. The two phases which are used in the 

process are stationary and mobile phases. Carrier gasses usually used are Helium, 

Hydrogen, and Nitrogen. Figure 2.5 shows the arrangement for gas chromatography. 
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Figure 2.5 Gas chromatography technique 

                   (Gas chromatographyy, 2017) 

 

 

In Gas chromatographyy, (2017) the components of the gas chromatography were 

summarized as shown below: 

 

                     1.         Autosamplers 

               It provides the means to introduce a sample automatically into 

the inlets. Automatic insertion provides better reproducibility and time-optimization 

(Gas chromatography, 2017). Syringes are used manually by professionals to inject 

the sample into the gas chromatography. The use of an auto-sampler is a more robust 

approach to reproducibly inject samples into the gas chromatograph systems 

(Michelle and John, 2013). Currently, the automatic sampler is being used as this 

provides more accurate moves and saves on time. 
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   2.         Inlets 

               The column inlet (or injector) provides the means to introduce a 

sample into a continuous flow of carrier gas. The inlet is a piece of hardware attached 

to the column head. Types of injectors include split/splitless injector, programmed 

temperature vaporizer injector, and purge –and trap system (P/T). 

 

   3.         Carrier gas 

                      The choice of carrier gas depends on the type of detector that is 

used and the components that are to be determined. Carrier gasses for 

chromatography must be of high purity and chemically inert towards the sample e.g., 

helium (He), argon (Ar), nitrogen (N2), carbon dioxide (CO2) and hydrogen (H2). The 

carrier gas system can contain a molecular sieve to remove water or other impurities. 

H2 has a range of flow rates that are comparable to helium in efficiency. However, 

helium may be more efficient and provide the best separation if flow rates are 

optimized. Helium is non-flammable and works with a greater number of detectors 

and older instruments. Therefore, helium is the most common carrier gas used. 

However, the price of helium has gone up considerably over recent years, causing an 

increasing number of chromatography to switch to hydrogen gas (Gas 

chromatography, 2017). 

 

 

   4.         Detectors 

                      Thermal Conductivity Detector (TCD) is among the most 

commonly used measuring devices in gas chromatography for monitoring substances 

separated in the column. This detector measures the changes in the thermal 

conductivity of the carrier gas caused by the presence of the eluted substances (Jiri, 
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1975). The most employed detectors are the flame ionization detector (FID) and the 

thermal conductivity detector (TCD). They are sensitive and work over a wide range 

of components and concentrations respectively. FIDs are sensitive primarily to 

hydrocarbons components; however, they cannot detect water. TCD is non-

destructive, but it can be used in-series before FID (destructive), thus providing 

complementary detection of the same analytes (Gas chromatography, 2017). 

 

            2.3.2 Photoacoustic spectroscopy technique 

                     In Photoacoustic spectroscopy technique, an infrared is absorbed by a 

gas substance and transformed into kinetic energy (by the energy exchange process). 

Normally, interruption of this process produces a series of pressure waves (sound) 

that can be detected by microphones. By measuring the sound at different 

wavelengths, the photoacoustic spectrum of a gas sample can be recorded, see Figure 

2.6 and 2.7. This spectrum can then be used to identify components of the sample. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 2.6 The arrangement of PAS based DGA system (Donal, 2010). 
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Figure 2.7 The absorption characteristic of fault gasses (Donal, 2010) 
 

 

When the target gasses are specified like in the DGA application, infrared filters can 

be applied to select regions of the infrared spectrum that overlap with the target gas 

absorption spectrum. Broadband infrared is normally generated by a black body 

infrared source (Donal, 2010). With this method, a variety of gasses can be detected. 

Various researchers have discussed photoacoustic spectroscopy as a very stable 

diagnostic technique and useful for monitoring critical transformers. Since, each 

dissolved gas absorbs the infrared light at a specific wavelength, selecting the center 

wavelength is a critical process. Incorrect center wavelength will cause mutual 

interference between gasses involved. 
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2.4     Diagnostic methods 

            Different organizations have established variety diagnostic methods for 

interpreting the levels of dissolved gasses. Among of them are IEEE, IEC, CIGRE, 

ASTM etc. According to IEEE C57.104-2008 fault gasses produced during abnormal 

condition are Hydrogen H2, Carbon monoxide CO, Carbon dioxide CO2, Methane 

CH4, Ethylene C2H4, and Ethane C2H6. Under IEEE and IEC, the following diagnostic 

methods are used for interpretation of dissolved gasses: 

 

            2.4.1 Key gas method 

                     The presence of fault gasses within transformer oil depends on the 

temperature or energy that breaks the chemical bonding of the insulating oil and 

hence reduce its dielectric strength. The key gas method considers the individual 

concentration of gasses produced during faults. Key gas method interprets DGA 

results by referring to the four common transformer faults, which are partial discharge 

(PD), arcing, overheated of oil and overheated of cellulose. The significant gasses 

involved with each fault are shown in Figure 2.8. As per IEEE Standard C57.104-

2008, H2 is the key gas for PD, C2H2 for arcing and C2H4 for overheated oil and CO 

for overheated cellulose.  

 

 

            2.4.2 Dornenburg ratio method 

                     The Dornenburg method suggests the existence of three general faults 

(thermal faults, electrical fault-low discharge, and electrical fault-high discharge) 

(IEEE C57.104-2008). This procedure requires significant levels of the gasses to the 
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present in order for the diagnosis to be valid. It utilizes four calculated gas ratios to 

indicate a single fault type from three general fault types. Moreover, it uses five  

 

 

 

Figure 2.8 Evaluation of key gasses method (IEEE C57.104-2008) 
 

 

individual gasses H2, CH4, C2H2, C2H4, and C2H6 or four-key gas ratios, which are 

Ratio 1 (R1), Ratio 2 (R2), Ratio 3 (R3) and Ratio 4 (R4). The values for these gasses 

are first compared to special concentrations—L1 in Table 2.1 below to ascertain the 

need for the test. 

 

 

Table 2.1 Limit concentrations of dissolved gas (IEEE C57.104-2008). 

 

Key gas 
Concentrations L1 

[ μl / l (ppm) ] 

Hydrogen (H2) 100 

Methane (CH4) 120 
Carbon monoxide (CO) 350 

Acetylene (C2H2) 1 
Ethylene (C2H4) 50 
Ethane (C2H6) 65 
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            2.4.3 Roger’s ratio method 

                     This method uses the 4-digit ratio code generated from the 5 fault gasses 

(H2, CH4, C2H6, C2H4, and C2H2) to determine 15 diagnosis rules for transformer 

conditions (Ali Saeed, 2012). According to Sherif, Ghoneim, and Sayed (2012) 

Roger’s ratio method uses four gas ratios which are CH4/H2, C2H6/ CH4, C2H4/ C2H6 

and C2H2/C2H4 for diagnosis. In the refined Roger’s method, the ratio C2H6/ CH4 only 

indicates a limited temperature range of decomposition but does not assist in further 

identification of a fault. Roger’s ratio method and IEC 599 have gained popularity in 

industrial practices. However, it may give no conclusion in some cases.  

 

            2.4.4 IEC ratio method 

                     This method originated from Roger’s ratio method, except that the ratio 

C2H6/CH4 was dropped since it only indicated a limited temperature range of 

decomposition (Ali Saeed, 2012). IEC analysis uses an advanced scenario of fault 

matrix where faults were classified as 7 different types partial discharge, low energy 

discharge, high energy discharge, thermal fault temperature <300 C, 300 to 700 C,  

and temperature > 700 C. 

 

 

            2.4.5 Duval triangle 

                     Duval triangle was first developed in 1974. It uses three hydrocarbon 

gasses only CH4, C2H4 and C2H2. These three gasses correspond to the increasing 

levels of energy necessary to generate gasses in transformers (Duval, 2005). C2H2 and 

C2H4 are used in all interpretation methods to represent high energy faults such as arcs 

and high-temperature faults. H2 is preferred in several of these methods to represent 
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very low energy faults such as PDs, where it is produced in large quantities. CH4, 

however, is also representative of such faults and always formed in addition to H2 in 

these faults, in smaller but still large enough amounts to be quantified. CH4 has been 

chosen for the triangle because it not only allows to identify these faults but provides 

better overall diagnosis results for all the other types of faults than when using H2 

(Duval, 2005). 

 

2.5     Transformer conditions 

            The health of the oil-filled transformer insulation can be easily monitored by 

monitoring the levels of dissolved gas-in oil. The volume of dissolved gas-in-oil 

shows the magnitude of the incipient fault. From the estimated magnitude of the 

incipient fault, one can plan for maintenance activity or asset management. Most of 

the dissolved gases taken into account are Hydrogen H2, Carbon monoxide CO, 

Carbon dioxide CO2, Methane CH4, Ethylene C2H4, and Ethane C2H6. The amount of 

dissolved gases in oil are computed as shown in (2.4) (IEEE C57.104-2008). 

 

                                                   TDCGV = FG(V) / 1000000                                         (2.4) 

 

Where 

FG = sum of H2, CO, CH4, C2H4, C2H2 and C2H6 in parts per million (ppm) 

V = volume of oil in the transformer (liters) 

TDCGV = total dissolved combustible gas volume (liters) 
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This method is used for completely oil-filled power transformer with a conservator 

tank. The usefulness of this method is encountered in the presence of significant 

volume of dissolved gas-in-oil. The results of the volume of total combustible 

dissolved gas measured can be used to categorize the condition of the transformer 

insulation and hence the life of the transformer. According to IEEE C57.104-2008 

four conditions have been established to define the health of the transformer and 

action(s) to be taken. The following are the four conditions based on the total 

combustible dissolved gases as shown in Table 2.2. 

 

Table 2.2 Dissolved gas concentrations (IEEE C57.104-2008). 

 

Condition 

Dissolved key gas concentrations limits (ppm) 

H2 CH4 C2H2 C2H4 C2H6 CO CO2 TDCG 

1 100 120 1 50 65 350 2500 720 

2 101-701 121-400 2-9 51-100 66-100 351-570 2500-4000 

721-

1920 

3 701-1800 401-1000 10-35 101-200 101-150 571-1400 

4001-

10000 

1921-

4630 

4 >1800 >1000 >35 >200 >150 >1400 >10000 >4630 

 

 

From Table 2.2, the levels of dissolved gas-in-oil are given in parts per million (ppm). 

This Table 2.2 assumes no previous DGA history of the transformer have been made 

or the transformer has not been reconditioned. It considers the use to large power 

transformers with large volume of insulating oil (several thousands of gallons) oil 

because with the small volume of insulating oil in small transformer it can give higher 

levels of dissolved gas-in-oil (IEEE C57.104-2008). Also, Table 2.2 does not find 
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application in small distribution transformers, voltage regulators and other apparatus 

with load breaker switch operate under the oil. This is due to the generation of non-

fault dissolved-gas-oil resulted from the operation of internal expulsion switches or 

load breaker switches. CO2 is not considered in the volume of total combustible gas 

since it is a combustible gas. The interpretations of the conditions in Table 2.2 are 

given in Table 2.3. 

 

Table 2.3 Transformer conditions (IEEE C57.104-2008). 

Condition 

TDCG 

Level 

(l/l) 

TDCG 

rate 

(l/l/day) 

Sampling interval and operation procedures for 

gas generation rates 

Sampling 

intervals 
Operating procedures 

4 >4630 

>30 Daily Consider removal from service 

Advice manufacturer 10 – 30 Daily 

<10 Weekly 

Exercise extreme caution 

Analyze for individual gases 

Plan outage 

Advice manufacturer 

3 
1921-

4630 

>30 Weekly Exercise extreme caution 

Analyze for individual gases 

Plan outage 

Advice manufacturer 

10 – 30 Weekly 

<10 Monthly 

2 721-1921 

>30 Monthly 
Exercise caution 

Analyze for individual gases 

Determine load dependence 

10 – 30 Monthly 

<10 Quarterly 

1  720 

>30 Monthly 

Exercise caution 

Analyze for individual gases 

Determine load dependence 

10 – 30 Quarterly 
Continue normal operation 

<10 Annual 
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The four groups of transformer conditions have been made to classify the risk of 

transformer in order to allow a safe continued operation of the transformer. Below are 

the descriptions about transformer conditions: 

 

 Condition 1: At this condition the volume of dissolved gas-in-oil is less than or 

equals to 720 ppm. This condition indicates that the transformer is 

operating satisfactorily. Also, this means the health of transformer 

insulation and can operate safely over a sufficient long service time. 

 Condition 2: At this condition the volume of dissolved gas-in-oil is between 720 and 

1920 ppm which is above normal combustible gas level. For any 

individual dissolved which is over the specified level shown in Table 

2.2 should prompt for additional investigation. From the levels 

obtained, resample is strongly advised while the sampling period is 

determined with the rate of gas generation as shown in (5). The value 

of gas generation determines the sampling intervals as defined in Table 

2.2. 

 Condition 3: At this condition the volume of dissolved gas-in-oil is between 1921 

and 4630 ppm which indicates a high level of decomposition above 

normal combustible gas level. For any individual dissolved which is 

over the specified level shown in Table 2.2 should prompt for 

additional investigation. From the levels obtained, resample is strongly 

advised while the sampling period is determined with the rate of gas 

generation as shown in (5). The value of gas generation determines the 

sampling intervals as defined in Table 2.2.In addition, the gas trend 

(ppm versus time) should be done. 
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 Condition 4: At this condition the volume of dissolved gas-in-oil is above 4630 ppm 

which indicates an excessive decomposition of combustible gases. A 

continued operation could result into a failure. For any individual 

dissolved which is over the specified level shown in Table 2.2 should 

prompt for additional investigation. From the levels obtained, 

resample is strongly advised while the sampling period is determined 

with the rate of gas generation as shown in (2.5). The value of gas 

generation determines the sampling intervals as defined in Table 2.2. 

 

 

R= (ST S0)  V  10-6 / T                                                  (2.5) 

 

Where 

R   = rate per day (liters/day) 

S0  = first sample (ppm) 

ST  = second sample (ppm) 

V   = volume of oil in the transformer (liters) 

T  = time (days) 
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2.6     DGA based software for transformer condition monitoring 

            In past few decades, researchers have been working to understand the 

knowledge of traditional diagnostic methods like key gas, ratio methods (Dornenburg, 

Roger’s and IEC ratio methods), Duval triangle, etc. and utilize them to diagnose the 

internal health of transformer. From previous researchers, not only diagnoses were 

aimed but also the knowledge about performances and limitations of traditional 

methods. Among the limitations studied from traditional methods includes accuracies 

of the algorithm employed in the individual diagnostic method. Each diagnostic 

method was seen to have its accuracy in interpreting DGA data due to the different 

algorithm used by each diagnostic method. Since the accuracy of traditional 

diagnostic methods varies, diagnosis of DGA data should not rely on the results from 

one diagnostic method. For many years diagnoses of transformers involving 

traditional methods have been performed graphically; which consumes time and 

reduce accuracy due to human errors when diagnosing a large number of 

transformers. Recently, researchers have been developing DGA computer software to 

simplify diagnoses of transformer condition. In these software, one or more individual 

diagnostic methods are incorporated to perform interpretations. Advantages of DGA 

software encompass time-saving, minimized human and graphical errors; and easy 

assessment of diagnostic method. Some of the developed DGA software are described 

below: 

 Sukbirr and Bandyopadhyay, (2010) presented a Duval triangle: A Noble 

technique for DGA in Power Transformers. They described the use of MATLAB to 

implement Duval triangle method as DGA computer software. Graphical formulation 

of major gasses, their ratios, computations, and procedures on how to use the Duval 
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triangle were given. The study also discussed two methods mainly used for 

computation in Duval triangle i.e. (i) by using total accumulated gasses and (ii) by 

using total increase between conjugate samples. In their work, the method of using 

total accumulated gas was used on graphical presentation of the Duval triangle. The 

triangle, as well as fault zones, were taken in Cartesian coordinates when plotted in 

MATLAB. The similar DGA software was developed by Akbar, Setayeshmehr, Borsi, 

and Gockenbach, (2008) based on Duval triangle except that they use Java 

programming language. Also, all six fault zones described in Duval triangle were 

defined in Cartesians through Java language. The software displayed the ability to 

identify DGA fault within fault zones, and furthermore the ability to identify faults 

that are falling between fault zones. 

 Ali Saeed, Nor Asia and Abubakar, (2012); and Abubakar, (2013) 

demonstrated computer based software which combine four DGA diagnostic 

methods; Roger’s ratio method, IEC ratio method, Duval triangle method, and key gas 

method. The user interface was designed by using Microsoft Visual C# (programming 

language) in Microsoft Windows XP/7 (operating system). Each fault was represented 

by a fault code (F1–F6). The process of the fault decision in this computer- based 

software was based on a general percentage mechanism, where each of the methods 

had the same percentage of accurate prediction. 

 

 Abubakar, Nor Asia and Nouruddeen, (2013); introduced the hybrid DGA 

interpretation software as an effective power transformer management tool which 

used four DGA diagnostic methods such as  Roger’s ratio method, IEC ratio method, 

Duval triangle method, and key gas method. The software was programmed by using 
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C# programming language in Windows 7. In the interface of the software, the user 

can input DGA information and then the software can diagnose the same DGA data 

through four diagnostic methods. It has no option for user to choose the diagnostic 

method at any time. The DGA software was validated for accuracy based on the 

predicted cases Ap. The number of predictions from each diagnostic method was 

obtained from 117 transformer samples available in TNB network in Malaysia. 

Transformers were rated between 300 kVA to 1000 kVA insulated by Hyrax 

Hypertrans mineral insulating oil. The software was able to predict 108 out of 117 

cases which is equals to 92.31%. Quick performance of the developed software was 

observed through results four diagnostic methods provided at once. 

 

 

 Sherif and Sayed, (2012) presented a software codes with the use of logic 

functions to identify the type of existing fault in oil immersed power transformer. The 

software employed expert method based dissolved gas-in-oil for performing 

diagnoses. It was made to give the cause of the transformer fault from software 

through expert system. Classical methods such as key gas method, Dornenburg ratio 

method, Roger’s ratio method, IEC ratio method and Duval triangle method were 

programmed through Microsoft Excel to first identify the existing fault from the given 

dissolved gas-in-oil. The real transformer cases and other researchers’ cases were 

obtained for testing the performance of the proposed diagnostic technique. From the 

comparison made between the software made, laboratory data and from the 

literatures, the software showed the close agreement in performance. 
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 Hell, D’Angelo and Costa Jr, presented another useful methodology which 

was used for performing diagnosis in oil-filled power transformer. This methodology 

was based on fuzzy neural approach technique. The training of the approach used the 

real gases from the database available in Energitic Company of Minas Gerais 

(CEMIG), Brazil. In their development, they employ the use of Roger’s ratio method 

to initialize the architecture of the membership function of the fuzzy subsets in the 

Fuzzy Neural Network system. The developed system had only one Fuzzy Neural 

Network due to the fact that Roger’s ratio method and other DGA techniques like key 

gas method, Dornenburg ratio method, IEC ratio method and Duval triangle method 

has the capability to detect only one internal activity inside the transformer oil. Two 

layers of their developed system included fuzzy layer and output layer. 

 

 

 Indra, Rajaram, and Gnanasaravanan, (2000), developed power transformer 

faults identification using fuzzy based dissolved gas analysis method. The approach 

involved fuzzy Roger’s system for detecting fault gases obtained from the dissolved 

gas analysis of oil-filled transformers. It involves the use of ratios computed based on 

Roger’s ratio method to predict the condition of the transformer. The ratios were 

taken as input parameters whereas the interpretations based on the combination of 

ratios were taken as output parameters. The analysis involved the use of five dissolved 

gases such as ethylene, methane, acetylene, hydrogen and ethane for predicting the 

condition of the transformer. For testing the proposed system, 551 samples of 

insulating oil were taken Electricity board of Tamilnadu, India. According to the 

investigations made, they found that out of 551 samples collected from different 

substations and tested for dissolved gas-in-oil analysis in the laboratory of Electricity 



37 

 

board test lab, 329 samples were found to have no fault while 137 were recommended 

for resampling. Therefore, 137 samples were taken and tested with Roger’s ratio 

method and fuzzy Roger’s ratio system in order to compare the performance between 

the two methods. The fuzzy Roger’s ratio system resulted into 91 percentage of 

successful prediction compared to 77 percent of Roger’s ratio method. 

 Dhote and Helonde, (2012), performed diagnosis of power transformer faults 

based on five fuzzy ratio methods. The system was developed to overcome the 

drawbacks of traditional DGA methods like key gas method, Dornenburg ratio 

method, Roger’s ratio method, IEC ratio method and Duval triangle to detect only one 

internal activity. In real practice each traditional method has its own algorithm and 

diagnostic criteria, therefore, when the detection is out the criteria an error occurs or 

results into no detection. The system was developed in MATLAB programming 

software. The condition for the diagnosis was based on the rate of evolution of total 

combustible gases. For a transformer which was not degassed, an evolution rate of 2.8 

liters/day was taken as a normal condition and no diagnosis was performed. For 

evolution rate above 2.8 liters/ day, dissolved gas analysis was performed to check if 

gases are above the permissible limits for performing diagnosis. The DGA techniques 

were applied if the dissolved gases were above the limits to diagnose the transformer 

fault. The proposed system was used if all DGA techniques give different diagnoses. 

This was due to the expectation of existence of multiple faults. The developed system 

was tested with 100 transformer cases from power companies CPRI, BHEL and 

NTPC, India. The system showed better performance with increased predictions 

compared to traditional DGA techniques. 
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 Taha, Zaini, and Ghoneim, (2015), presented a comparative study between 

Dornenburg and Roger’s ratio methods for transformer fault diagnosis based on 

Dissolved Gas Analysis using MATLAB Simulink tools. It was built according to the 

most traditional Dornenburg and Roger’s ratio method for studying their performance 

and accuracy. The Simulink models were used for constructing traditional 

Dornenburg and Roger’s ratio method and they were based on the interpretation 

method in IEEE standard. In Simulink, tools like relational operator, constant, 

multiplex scalar, vector signal (Mux), sink, source and switches were used for 

implementation. The input datasets to the model were applied through MATLAB M-

files. The input dataset which were DGA data, were taken from other researchers and 

were considered as accurate data for reference. The total number of 77 cases were 

used for testing the developed model whereby Roger’s showed 79 percent of 

agreement compared to Dornenburg with 52 percent. 

 

 

2.6.1 Software language 

          Several programming languages have been used to program diagnostic 

methods for interpreting DGA data. The applicability of a certain language depends 

on its effectiveness, efficiency, ability to interact with the real world and cost in 

solving a particular problem. Among of these languages, Python has chosen for 

programming this DGA software.  

   Python was found in the late 1980s by Guido van Rossum at Centrum 

Wiskunde & Informatica, Netherland (Python, 2015). It is a general purpose, open 

source computer programming language. It is optimized for software quality, 

developer productivity, program portability and component integration. It supports a 
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remarkably simple, readable, and maintainable syntax: integration with external 

components coded in other languages (Lutz, 2010). According to Lutz, (2010) the 

following have been stated as the areas where python programming language can be 

used: 

 It is used all over the world for Internet scripting, systems programming, user 

interfaces, product customization, numeric programming, etc. with 

applications domains in the range from system administration, 

 website design, cell phone programming, and education to hardware testing, 

 investment analysis, computer games and spacecraft control. 

Python differs somehow with other programming languages like Java, C, C++, 

Microsoft Visual Basics, Microsoft C# etc. It offers the following advantages: 

 It provides good code readability – uses whitespace indentation to delimit 

code blocks instead of using curly braces,  

 It allows programmers to express concepts in fewer lines compared to other 

languages, 

 It supports multiple programming paradigms including object-oriented, 

imperative, functional programming and procedural styles,  

 It has large and comprehensive standard library, 

 Its interpreters are available in many operating systems (cross platform), 

 It has cycle detecting garbage collector for memory management   

 It has fewer syntactic exceptions and special cases compared to other 

programming languages like C and Pascal (Python, 2015) 
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Python comes with varieties of versions from Python 2.x to Python 3.x. The first 

release was Python 2.0 and it was released on 2000. The mostly used version with 

compatibility to large number of libraries is Python version 2.7. The End of Life of 

Python 2.7 was first set to 2015 but later was postponed to 2020 (Python, 2015). 

 

2.6.2 Database language 

          According to Dyer, (2005) MySQL is an open source, multi-threaded, 

relational database management system created by Michael “Monty” Widenius in 

1995. In 2000, MySQL was released under a dual license model that permitted the 

public to use it for free under the GNU Public License (GPL); this caused its 

popularity to soar. MySQLwas considered as a leading database because of its 

reliability, performance, and features. Many features contribute to MySQL’s standing 

as a superb database system; speed is one of its most prominent features and the 

storage engine which manages queries and interfaces between a user’s SQL 

commands the database’s backend storage. 

 

2.7     Chapter summary 

            This chapter has presented the fundamentals of mineral insulating oil 

including their composition, properties and functions. The study of aging mechanism 

of mineral insulating oil have also presented in detail. The two major techniques used 

for performing dissolved gas-in-oil analysis have been explained. Four conditions 

resulted from the existing faults inside the liquid insulation have been described. 

Finally, the recent works concerning development of DGA based software as well as 

the features of Python and MySQL programming languages are mentioned. 



 

CHAPTER 3 

DEVELOPMENT OF DGA COMPUTER BASED 

SOFTWARE 

 

3.1     Introduction 

           This DGA computer based software was programmed and compiled on 

Windows 7 to allow it to be used on Windows Operating System as a majority 

computer system. Its inputs were eight dissolved gasses and other non-gaseous data 

which are displayed in the input form before being saved into the database. The 

database was programmed by using MySQL 5.5 (database programming language). 

MySQL is the open source software released under a dual license to allow it to be 

used with the public under Public License. The open source software, speed, storage 

and computational capability made it the best choice for storage and execution of 

DGA data (Dyer, 2008). 

 

3.2     Installation of the Python installer. 

            Since python is an open source, it is easily available through online searching. 

It can be downloaded through Google search engine by using the official python 

website. All python versions from 2.x to 3.x are available in the official python 

website. 
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            3.2.1 The official website of the python language 

          The official website of python programming language is 

https://www.python.org. Through Google search engine user can reach the official 

website of python programming language. Figure 3.1 shows the snapshot of the 

official website with the address in red dashed-box. 

 

 

 

Figure 3.1 Snapshot of the python official website. 

 

User has to select the python installer that suits its operating system such as Windows 

operating system, Linux operating system, Mac operating system, etc. From the 

python official website as shown in the snapshot of Figure 3.1, for Windows 

operating system user has to click directly on the python version that he want. Figure 

3.1 shows python 3.6.0 and python 2.7.13. Once any version is clicked it will be 
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downloaded into the download folder of the respective computer. The version 3.6.0 is 

the current or an updated version of python language but current versions lack some 

of the important libraries (not all libraries have been updated into current versions).  

 

            3.2.2 Python installation files  

          Figure 3.2 shows python installation files for Windows operating system. 

The python installer with names Windows86 are installers for Windows operating 

systems with 32 bit system type while Windows86-64 for 64 system type. 

 

Figure 3.2 Python installer files for Windows operating system 



44 

 

            3.2.3 Installing Python file  

          When the downloaded file with .msi extension is opened, the installation 

proceeds as shown from the snapshots of Figure 3.3 (a) to (d).  

 

 

 

Figure 3.3 (a) running the downloaded file with .msi extension 

 

 

 

Figure 3.3 (b) choosing installation mode 
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 Figure 3.3 (c) Extracting compressed files   

 

 

 

Figure 3.3 (d) Finishing installation process 
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3.2.4 Opening Python software  

                     Once finished to be installed, python software can be searched through 

computer search option as shown in Figure 3.4 (a). Programming codes are written in 

IDLE (Python GUI) after being clicked from shown snapshot. When IDLE is clicked 

it opens the python shell where user can choose for a new python editor to write the 

new codes. The python shell is shown in Figure 3.4 (b). The new python editor was 

opened shown in Figure 3.4 (c). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4 (a) Opening python software 
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Figure 3.4 (b) Python shell 

 

 

 

Figure 3.4 (c) Python script file 
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3.2.5 Python libraries  

                     Python imports useful libraries for performing required tasks. The major 

library is Tkinter. Libraries are added into the script by import command as shown in 

Figure 3.4 (c). Below is the list of libraries used in python programming language. 

 Requests()      

 Scrapy() 

 wxPython() 

 Pillow() 

 SQLAlchemy() 

 BeautifulSoup() 

 Twisted() 

 NumPy() 

 SciPy() 

 Matplotlib() 

 Pygame() 

 Pyglet() 

 pyQT() 

 pyGtk() 

3.3     Developed DGA software. 

            3.3.1 Flowchart of the developed DGA software  

                     Figure 3.5 shows the flowchart of the DGA software with five diagnostic 

methods, gas comparison, and gas trending options. Five diagnostic methods are key 

gas method, Roger’s ratio method, Dornenburg ratio method, IEC ratio method and 

Duval triangle method. It also has 16 fields for user to input DGA information.  
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Figure 3.5 Flowchart for the DGA software. 

 

The targeted inputs were dissolved gasses in parts per million (ppm) such as H2, CO, 

CO2, N2, CH4, C2H6, C2H4, and C2H2. Other non-gaseous data involved Power (kVA), 

Voltage (kV), oil temperature (C), humidity (%), altitude (km), sampling date (date), 

transformer location (name of the location) and transformer number. Table 3.1 shows 

some of the tools used in the development of DGA software. Figure 3.6 shows the 

snapshot of the python codes used to develop the DGA interface. Figure 3.7 shows the 

developed interface of the DGA software. 
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Figure 3.5 (a) Python codes for graphical user interface 

 

 

 

 

     Figure 3.6 Snapshot of the python codes used to develop the DGA interface 
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     Figure 3.7 Interface of the developed DGA interface 

 

Table 3.1 Tools used for the development of DGA-software 

 

Tool Type 

Computer HP 550 Duo Core 

Operating System Windows 7 

Programming Language Python 2.7 

Compiler Eclipse 

Database MySQL 5.5 
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            3.3.2 Size and color of the interface 

          The interface took the same size of the computer regarding width and 

height. The width and height of the computer used were 1200  760 pixels. The gray 

color was selected to suit the background color. 

 

            3.3.3 Input form and details 

          The input form contained 15 fields of DGA information for the user to 

input; and a Save to Database button for saving data to the database.   

 

            3.3.4 Menu items 

          The menu items allow the user to access database to view DGA data, a 

summary of the report and other necessary information about DGA software. 

 

            3.3.5 Toolbar items 

                     Toolbar items contained diagnostic methods, comparison and trending 

tools for gasses. The user can choose any item and through it, the user can also 

retrieve any DGA data from the database to perform the task.  

 

 

 

            3.3.6 Dropdown Lists from File Menu 

               The drop down menu from the File Menu is shown in Figure 3.8. The 

Open Menu opens Diagnosis summary of previously performed interpretation 

processes done by any of the five diagnostic methods. In Comparison summary, it 

opens a summary of comparison processes performed, and in Trending summary, it 

opens the summary of trending processes done. The Close App closes the DGA 

software. 
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Figure 3.8 Drop-down lists in File Menu of DGA software. 
 

 

 

   3.3.7 Dropdown lists from View menu 

          Drop down lists from the View menu is shown in Figure 3.9. Database 

connection checks the existence of a connection between the database and DGA 

software whereas Last Entry and Database Entries retrieves the last stored entry and 

all entries respectively. 
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Figure 3.9. Drop-down lists in the View Menu. 

 

 

3.4 Implementation of diagnostic methods 

 3.4.1 Key gas method (KGM) 

          This method is based on the proportions of principal gasses over Total 

Dissolved Combustible Gases (TDCG). The principal gasses are H2, CO, CH4, C2H2, 

C2H4, and C2H6. For interpreting the condition and then existing fault, the proportion 

of each principal gas is given in (3.1)-(3.7) as a reference to TDCG obtain in (3.1). 

Before performing diagnosis by using key gas method, the levels of dissolved gas are 

compared to the limited levels of dissolved gas-in-oil. These levels are shown in 

Table 3.2. When dissolved gas-in-oil exceed these limits, the diagnosis is suited to be 

performed. The faults corresponding to the obtained proportions are shown in Figure  
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   TDCG = H2 + CO + CH4 + C2H2 + C2H4 + C2H6.                          (3.1) 

 

 
        % H2= (100  H2) / TDCG                         (3.2) 

 

 
       % CO= (100  CO) / TDCG             (3.3) 

 

 
                % CH4= (100  CH4) / TDCG             (3.4) 

 

 
                                      % C2H2= (100  C2H2) / TDCG                       (3.5) 

 

 
                                      % C2H4= (100  C2H4)/ TDCG                                  (3.6) 

 

 
 

                                    % C2H6= (100  C2H6)/ TDCG                       (3.7) 

 

 

Table 3.2 Limits of key gas (Reddy, 2014) 

 

Gas H2 CO C2H4 C2H2 

Concentration 150 500 20 12 

 

 

 

Table 3.3 Diagnostic criteria for key gas method  

 

Fault Key gas Criteria Gas percent amount 

Arcing C2H2 Mainly H2 and C2H2 H2: 60%,C2H2: 30% 

Corona (PD) H2 Large amount of H2 H2: 85%, CH4: 13% 

Overheating of Oil C2H4 Large amount of C2H4 C2H4: 63%, C2H6: 20% 

Overheating of 

Cellulose 
 CO 

Large amount of CO 

and CO2. 
CO: 90% 
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2.9 (see section 2.6.1). In Table 3.3, criteria used for diagnosing the fault are given. 

Figure 3.10 shows the flowchart for performing the diagnosis by using key gas 

method. In Appendix B python codes used for performing diagnosis by using key gas 

method in DGA software have been shown.  

 

 
 

Figure 3.10 Flowchart of diagnosis by key gas method (Reddy, 2014). 

 
 

 
 

In the script of python codes first the limits of key gas is checked by comparing with 

gas values in Table 3.2. If the conditions are satisfied for performing diagnosis, 

computation is done as per (3.1) to (3.7). The obtained results are then compared with 

the diagnostic criteria shown in Table 3.3 in order to identify the existing fault. Figure 

3.10 shows the flowchart for performing the diagnosis by using key gas method. 
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Figure 3.11 shows the diagnosis done by the implemented key gas in DGA software. 

On top of the interface of Figure 3.11 is the combo box with ID NUMBER for user to 

select and retrieve the DGA information stored in the database. In the left side of the 

interface is the search button which retrieve the DGA data from the database with id 

number entered by user in the combo box. Below the combo box are the DGA data 

retrieved from the database. From the retrieved DGA data, id number and the 

dissolved gas-in-oil are displayed in ppm. Also, the computation of TDCG and the 

proportions of individual dissolved gasses are shown. Details about the current date 

and time, opening time and computing time (CPU time) are given in the right side of 

the interface. The remaining part of the interface shows the plots of proportions of the 

individual dissolved gas in the histogram and analysis of the existing faults. 

 

 

 
 

Figure 3.11 Diagnosis of the key gas method in the DGA software. 
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            3.4.2 Dornenburg ratio method  

          The values of dissolved gasses are first compared to special 

concentrations—L1 in Table 2.1 (see section 2.6.2) to check the existence of the 

problem. It checks whether any of the dissolved gasses doubles the L1 norm in Table 

2.1 and if any two gasses exceed L1 norm. If satisfied, Ratio 1 (R1), Ratio 2 (R2), 

Ratio 3 (R3) and Ratio 4 (R4) are computed as shown in (3.8)-(3.11). The criteria 

used to diagnose fault are shown in Table 3.4. Figure 3.12 depicts the flow chart for 

performing diagnosis by using Dornenburg ratio method.  

 

 

    Ratio 1 (R1) = CH4/H2             (3.8) 

 
 

    Ratio 2 (R2) = C2H2/C2H4             (3.9) 

 

    Ratio 3 (R3) = C2H2/CH4           (3.10) 

 

    Ratio 4 (R4) = C2H6/C2H2                (3.11) 

 

 
 

Table 3.4 Ratios for Dornenburg method (IEEE C57.104-2008) 
 

 

Suggested fault 

diagnosis 

Ratio 1 (R1) 

CH4/H2 

Ratio 2 (R2) 

C2H2/C2H4 

Ratio 3 (R3) 

C2H2/CH4 

Ratio 4 (R4) 

C2H6/C2H2 

Oil 
Gas 

space 
Oil 

Gas 

space 
Oil 

Gas 

space 
Oil 

Gas 

space 

Thermal 

decomposition 
>1.0 >0.1 <0.75 <1.0 <0.3 <0.1 >0.4 >0.2 

Partial 

discharge 

(low-intensity) 

<0.1 <0.01 
Not 

significant 
<0.3 <0.1 >0.4 >0.2 

Arcing (high-

intensity) 

>0.1 to 

<1.0 

>0.01 

to 

<0.1 

>0.75 >1.0 >0.3 >0.1 <0.4 <0.2 
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In the script of python codes given in Appendix B (page 151) first the limits of 

dissolved gas-in-oil were checked by comparing with gas values in Table 2.1 (see 

section 2.6.2). If the conditions are satisfied for performing diagnosis, computation is 

done as per on (3.8)-(3.11). The obtained results are then compared with the 

diagnostic criteria shown in Table 3.4 in order to identify the existing fault. Figure 

3.12 shows the flowchart for performing the diagnosis by using Dornenburg ratio 

method. Figure 3.13 shows the diagnosis done by the implemented Dornenburg ratio 

method in the DGA software. On top of the interface of Figure 3.13 is the combo box 

with ID NUMBER for user to select and retrieve the DGA information stored in the 

database. In the left side of the interface is the search button which retrieve the DGA 

data from the database with id number entered by user in the combo box. Below the 

combo box are the DGA data retrieved from the database. From the retrieved DGA 

data, id number and the dissolved gas-in-oil are displayed in ppm. Also, the 

computation of Ratio 1 (R1), Ratio 2 (R2), Ratio 3 (R3) and Ratio 4 (R4) computed 

based on (3.8)-(3.11) are shown. Details about the current date and time, opening time 

and computing time (CPU time) are given in the right side of the interface. The 

remaining part of the interface shows two tables whereby the first table shows the 

comparisons of the individual dissolved gas with the limit L1 and whether it is useful 

to do the diagnosis. If it is required to do the test, the second table displays the ratios 

and the analysis of the existing faults. The existing faults is determined by matching 

the ratios obtained in (3.8)-(3.11) with the diagnostic criteria in Table 3.4. 
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Figure 3.12 Flowchart of Dornenburg ratio method (IEEE C57.104, 2008). 

 
Figure 3.13 Diagnosis of Dornenburg ratio method in the DGA software. 
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3.4.3. Roger’s ratio method  

           This method is based on ratios R1, R2, R3 and R4 as shown in (3.8)-

(3.11). The codes of identification, ratio codes and diagnostic criteria are given in 

Tables 3.5-3.7. Figure 3.14 shows the flowchart of diagnosis by using Roger’s ratio 

method.  

 

Table 3.5 Code of identification (Sherif, Ghoneim, and Sayed, 2012) 
 

Ratio Code 
CH4/H2 1 

C2H6/ CH4 2 
C2H4/ C2H6 3 
C2H2/C2H4 4 

 

Table 3.6 Roger’s ratio codes (Sherif, Ghoneim, and Sayed, 2012) 

1 2 3 4 Ranges 

0 5 0 0 <0.1 

1 0 0 0 0.1 to 1.0 

1 1 1 1 1.0 to 3.0 

2 2 2 1 >3.0 

 
 

 

The codes given in Table 3.5 were used to represent ratios of dissolved gas-in-oil. The 

codes were later used to match with the ranges given in Table 3.6. The arrangement of 

codes are also shown in Table 3.7 for diagnosing the existing fault. 
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Table 3.7 Fault diagnostic criteria-Roger’s ratios (Sherif, Ghoneim, and Sayed, 2012) 

 

Diagnostic Faults 
0 0 0 0 No fault-Normal deterioration 
0 5 0 0 Partial discharge of low energy density or hydrolysis 
1 5 0 0 Partial discharge of high density, possibly with tracking 

0 5 1 0 Coincidental partial discharges and conductor 

overheating 
0 5 0 1 Partial discharge of increasing energy density 

1>2 0 0 0 Low discharge energy: flashover without power follow 

through 

1>2 0 1 0 Low discharge energy: continuous sparking to floating 

potential 
1>2 0 2 0 High energy discharge: arc with power follow through 

0 0 1 0 Insulated conductor overheating 
0 0 1 1 Complex thermal hotspot and conductor overheating 
1 0 0 1 Coincidental thermal hotspot and low energy discharge 
0 1 0 0 Thermal fault of low temperature <150C 
0 0>2 0 1 Thermal fault of temperature range 100C to 200C 

0 1 1 0 Thermal fault of temperature range 150C to 300C 

Overheating of copper due to eddy currents. 
 

 

 

    
Figure 3.14 Flowchart of diagnosis by Roger’s ratio method (IEEE C57.104, 2008). 
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In the script of python codes given in Appendix B, the computation was done as per 

(3.8) to (3.11). The obtained results were then compared with the diagnostic criteria 

shown in Table 3.7 in order to identify the existing fault. Figure 3.14 shows the 

flowchart for performing the diagnosis by using Roger’s ratio method. Figure 3.15 

shows the implemented Roger’s ratio method in the DGA software with combo box 

for user to select and retrieve the DGA information stored in the database. The search 

button retrieves the DGA data from the database with id number entered by user in 

the combo box. Below the combo box are the DGA data retrieved from the database. 

The interface shows two tables whereby the first table shows the codes identified 

while the second table displays the ratios and the analysis of the existing faults.  

 

 

 
 

Figure 3.15 Diagnosis of Roger’s ratio method in the DGA software. 
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            3.4.4 IEC ratio method  
 

          This method is based on ratios R2, R1, R3, and R5. Tables 3.8-3.10 

show codes of identification, ratio codes and diagnostic criteria used in IEC ratio 

method. Figure 3.16 shows the diagnosis from the implemented IEC ratio method. 

 

 

Table 3.8 Code of identification (Ali Saeed, 2012) 
 

Ratio Code 

C2H2/ C2H4 1 

CH4/H2 2 

C2H4/ C2H6 3 

 

 

 
 

Table 3.9 IEC ratio codes (Ali Saeed, 2012) 

 

Case Characteristic fault 1 2 3 

PD Partial discharges NS <0.1 <0.2 

D1 Discharge of low energy >1 0.1 – 0.5 >1 

D2 Discharge of high energy 0.6 – 2.5 0.1 - 1 >2 

T1 Thermal fault t<300C NS >1 but NS <1 

T2 Thermal fault 300C<t< 700C <0.1 >1 1 - 4 

T3 Thermal fault  t>700C <0.22 >1 <4 

 

 
 

Table 3.10 IEC diagnostic criteria (James and Su, 2008) 
 

 

N

o. 
Fault type 

C2H2/ 

C2H4 
CH4/H2 

C2H4/ 

C2H6 

0 No fault 0 0 0 

1 Partial discharge of low energy density 0 but NS 1 0 

2 Partial discharge of high energy density 1 1 0 

3 Discharge of low energy 1 or 2 0 1 or 2 

4 Discharge of high energy 1 0 2 

5 Thermal fault of low temperature, <150C 0 0 1 

6 Thermal fault of low temperature, 150-300C 0 2 0 

7 
Thermal fault of medium temperature, 300-

700C 
0 2 1 

8 Thermal fault of high temperature, >700C 0 2 2 
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In the script of python codes for IEC ratio method given in Appendix B, the 

computation was done as per (3.8) to (3.11). The obtained results were then compared 

with the diagnostic criteria shown in Table 3.10 in order to identify the existing fault. 

Figure 3.16 shows the implemented IEC ratio method in the DGA software with 

combo box for user to select and retrieve the DGA information stored in the database. 

The search button retrieves the DGA data from the database with id number entered 

by user in the combo box. Below the combo box are the DGA data retrieved from the 

database. The interface shows two tables whereby the first table shows the codes 

identified while the second table displays the ratios and the analysis of the existing 

faults.  

 

 

 

 

Figure 3.16 Diagnosis of IEC method in the DGA software. 
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            3.4.5 Duval triangle method  

          This method uses three hydrocarbon gasses namely CH4, C2H4, and 

C2H2. It employs proportions of these three gasses to identify the fault. The triangle 

method is indicated in Figure 3.17. In addition to the 6 zones of individual faults 

mentioned in Table 3.11 (PD, D1, D2, T1, T2 or T3), an intermediate zone DT has 

been attributed to mixtures of electrical and thermal faults in the transformer (Duval, 

2005). This method uses the principal of intersection of three hydrocarbon gasses 

such as CH4, C2H4, and C2H2. The triangle shown in Figure 3.17 is an equilateral 

triangle with each side expressed in terms of percentage. The percentages are 

arranged in such a way that the highest percentage of one hydrocarbon gas is cross to 

the lowest percentage of another hydrocarbon gas. The fault is identified by the 

intersection of three hydrocarbon gasses and the respective fault zone. In order to 

locate the intersection point, proportions of the three hydrocarbon gasses are first 

computed.  

 

 

 

 
 

 

 

 

 

 

 

 

 
 

 

 
 

 

Figure 3.17 Duval triangle (Duval, 2005) 
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Table 3.11 Examples of faults detectable by DGA (Duval, 2005) 
 

Symbol Fault Examples 

PD Partial discharges 
Discharges of the cold plasma (corona) type in gas 

bubbles or voids, with the possible formation of 

X-wax in the paper. 

D1 Discharge of low 

energy 

Partial discharges of the sparking type, inducing 

pinholes, carbonized punctures in the paper. 

Low energy is arcing inducing carbonized 

perforation or surface tracking of paper or the 

formation of carbon particles in the oil. 

D2 Discharge of high 

energy 

Discharges of paper or oil, with power follow-

through, resulting in extensive damage to paper or 

formation of carbon particles in oil, metal fusion 

or tripping of equipment and gas alarms. 

T1 Thermal fault 

T<300C 
Evidenced by paper turning brownish (>200 C) 

or carbonized (>300 C). 

T2 Thermal fault 

300< t<700 C 
Carbonization of paper, the formation of carbon 

particles in the oil. 

T3 Thermal fault  

T>700 C 

Extensive formation of carbon particles in oil, 

metal coloration (>800 C) or metal fusion 

(>1000 C) 
 

 

 
 

 

In order to display a DGA result in the triangle, one must start with the concentrations 

of the three gases, (CH4) = A, (C2H4) = B and (C2H2) = C, in ppm. First, the sum of 

these three values is calculated:  

 

                     CH4 + C2H4 + C2H2 = S                                  (3.12) 

 

then, relative proportion of the three gases are estimated in %:  

 

        P1 = % CH4 = 100 (A/S)                      (3.13) 

 

 

          P2 = % C2H4 = 100 (B/S)                       (3.14) 
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                               P3 = % C2H2 = 100 (C/S)                                   (3.15) 

 

X, Y, and Z necessarily lie between 0, and 100%, and (X + Y + Z) should always be 

equal to 100 %. By plotting X, Y and Z in the triangle provide only one point in the 

triangle (Sukbirr and Bandyopadhyay, 2010). After obtaining the percentages of fault 

gasses, the line is drawn from % CH4 parallel to % C2H2, % C2H4 parallel to % CH4 

and % C2H2 parallel to % CH4. The triangle coordinates are calculated by using 

normal trigonometric function to obtain the location of points A, B, and C on the 

selected length  = L and the initial point A (Ax, Ay). The length L is expressed in 

terms of pixels (500 pixels) and point A (Ax, Ay) was initialized as A (120, 550) pixels 

in computer drafting. Triangular coordinates and allocation of points are shown in 

Figure 3.18. 

 

 

 

 

 

 

 

 

 

 

 

 

  

  
   

 

Figure 3.18 Allocation of triangular coordinates. 

 
 

 

The coordinate A was described as A (Ax, Ay) and can be anywhere in the coordinate 

system of computer drafting. Through (21) to (26), a coordinate point in each edge 
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was calculated. Therefore, by considering the fault point as point F (Fx, Fy) and P1, 

P2 and P3 as calculated above in (17)-(20), the fault zone can be identified. Figure 

3.19 shows the allocation of fault point whereas Table 3.12 shows a list of triangular 

coordinates of fault zones in a Duval triangle. Figure 3.20 shows the flowchart for 

performing diagnosis by Duval triangle. The implemented Duval triangle is depicted 

in Figure 3.21. 

 

                                                                B = (Bx, By)            (3.16) 

 
 

                   Bx = Ax + 0.5L   and                       (3.17) 

 
 

                                Bx = 120 + 275 = 395 pixels 

 
 

                           By=Ay - Lcos30=550–476.3= 73.7pixels (3.18) 

 
 

 

And      

  
 

                    C = (Cx, Cy)            (3.19) 

 

                   Cx = Ax + L            (3.20) 

 

                                Cx = 120 + 500 = 620 pixels 

 

                                                              Cy = Ay = 550 pixels           (3.21) 
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Figure 3.19 Allocation of fault in a triangle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

Figure 3.20 Flowchart of diagnosis by Duval triangle method 
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Table 3.12 Triangular coordinates for the Duval triangle and fault zones  

                   (Sukhbir and Bandyopadhyay, 2010) 

 

 

Area Points        CH4  C2H4 C2H2 

PD 

PD1 98 2 0 

PD2 100 0 0 

PD3 98 0 2 

DT 

DT1 0 71 29 

DT2 0 85 15 

DT3 35 50 15 

DT4 46 50 4 

DT5 96 0 4 

DT6 87 0 13 

DT7 47 40 13 

DT8 31 40 29 

T1 

T11 76 20 4 

T12 80 20 0 

T13 98 2 0 

T14 98 0 2 

T15 96 0 4 

T2 

T21 46 50 4 

T22 50 50 0 

T23 80 20 0 

T24 76 20 4 

T3 

T31 0 85 15 

T32 0 100 0 

T33 50 50 0 

T34 35 50 15 

D1 

D11 0 0 100 

D12 0 0 77 

D33 64 23 77 

D14 87 0 13 

D2 

D21 0 23 77 

D22 0 71 29 

D23 31 40 29 

D24 47 40 13 

D25 64 23 13 
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In the script of python codes for Duval triangle given in Appendix B first the 

proportions of three hydrocarbon gasses were computed as per (3.13) to (3.15). The 

three proportions were obtained on the base of their summation given in (3.12). 

Before plotting, the triangle was plotted with coordinates computed in (3.16) to 

(3.21). Then the fault zones were plotted inside the triangle by considering the sides 

of the triangle as boundaries. The coordinates of fault zones are shown in Table 3.12. 

Figure 3.21 shows the implemented Duval triangle with plotted fault zones. Zones 

were differentiated by colors for easy identification of the intersection. On top of the 

interface of Figure 3.21 is the combo box with ID NUMBER for user to select and 

retrieve the DGA information stored in the database. In the left side of the interface is 

the search button which retrieve the DGA data from the database with id number 

entered by user in the combo box. Below the combo box are the DGA data retrieved 

from the database. From the retrieved DGA data, id number and the dissolved gas-in-

oil are displayed in ppm. Also, the computation of P1, P2 and P3 computed based on 

(3.13)-(3.16) are shown. Details about the current date and time, opening time and 

computing time (CPU time) are given in the right side of the interface. The remaining 

part of the interface shows the implementation of the triangle, fault zones and 

intersection of P1, P2 and P3. On the right side is the table that shows the 

interpretation of the existing fault according intersection point and fault zone. Then 

the existing faults is determined by the type of fault zone on which intersection has 

fall on it as shown in Figure 3.21. 
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Figure 3.21 Diagnosis of Duval triangle in the DGA software. 

 

3.4.6 Gas comparison    

                     The comparison option co pares two DGA data with different gas levels 

obtained in different dates but from the same transformer. This identifies the gas 

increment within a specific period.  Figure 3.22 shows the flowchart of performing 

comparison in the DGA software. The implementation of comparison is shown in 

Figure 3.23. 
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Figure 3.22 Flowchart of performing comparison in the DGA software. 
 

 

Figure 3.23 Gas comparison in the DGA software 
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3.4.7 Gas trending 

          Various gas data, five in numbers from the same transformer in 

ascending order can be trended to see the increment of gas generation over a long 

time. Figure 3.24 shows the flowchart for performing trending in DGA software. 

Figure 3.25 shows the implementation of trending option.  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 3.24 Flowchart of performing trending in the DGA software. 

 

 
 
 

3.4.8 Report summary 

          The summary report for every diagnosis, comparison, and trending was 

saved in the report folder within the computer. The flowchart for preparation of the 

report summary is depicted in Figure 3.26 (a). The process starts after user has 

finished to perform either diagnosis, comparison, or trending. It involves opening the 

summary file for diagnosis, comparison, or trending and then write the current 

summary. The command for opening the file with sample codes is shown below:  
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Figure 3.25 Implementation of gas trending in the DGA software 

 
 

 

 
 

 
 

 with open('.\summary.txt', mode='a+') as fl:   

            lines_of_text = [" "]   

           fl.writelines (lines_of_text) 

           fl.close () 

where  

 open () = command for opening existing file or creating a new non-existing 

file, 

 mode = specifies the mode of opening file r = read only, w = write only and  

a = append mode, 

 lines_of_text [" "] = specifies the contents to be written in the file, 

 writelines () = command for writing the contents in the file, 
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  fl.writelines (lines_of_text) = writes the content specified in the lines_of_text 

[" "] to the file, 

 fl.close = closes the file after finishing the task. 

Figure 3.26 (b) shows the sample codes for writing the summary of diagnosis at the 

end of diagnosis by using key gas method. At the end of each diagnosis process the 

summary report is prepared and written in the text file. Figure 3.26 (c) shows the 

snapshot of the diagnosis done by Duval triangle and key gas method written in the 

text file. The summary shows the name of the diagnostic method, date, id number, 

DGA data, computation and diagnosis from the computation. 

 

 

 
Figure 3.26(a) Flowchart of the report summary. 
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Figure 3.26(b) Sample codes for preparing the report summary. 

 

 

Figure 3.26 (c) Combined summary report of diagnostic works in one text file. 
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3.5 Database programming 

 Since MySQL programming language is an open source, it is also easily 

available through online searching. It can be downloaded through Google search 

engine by using the official MySQL website. MySQL versions are available from 

their official website.  

 

3.5.1 The official website of the MySQL software 

          The official website of MySQL programming language is 

https://www.mysql.com. Through Google search engine user can reach the official 

website of MySQL programming language. Figure 3.27 shows the snapshot of the 

official website with the address in red dashed-box.  

 

 

 

 

 

 

 

 

 

 

 

Figure 3.27 The official website of MySQL  
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User has to select the MySQL installer that suits its operating system such as 

Windows operating system, Linux operating system, Mac operating system, etc. From 

the MySQL official website as shown in the snapshot of Figure 3.27, for Windows 

operating system user has to click in the Download tab to choose the MySQL version 

that he want. Figure 3.28 shows MySQL versions for Windows operating system with 

system type 32 bit and 64 bit. To reach directly the link of Figure 3.28, one has to 

type direct the link https://dev.mysql.com/downloads/windows/installer/. Once 

MySQL installer is clicked it opens the new window for user to agree and download 

the current version of the installer as shown in Figure 3.29. Figure 3.30 shows the last 

stage for downloading the MySQL installer by clicking in the red dashed box. 

 

 

Figure 3.28 The MySQL installer for Windows OS  

https://dev.mysql.com/downloads/windows/installer/
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Figure 3.29 The MySQL installer version 5.7.17 for Windows 32-bit  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.30 The final MySQL installer link  
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            3.5.2 Installing MySQL setup  

          When the downloaded file with .msi extension is opened, the installation 

proceeds as shown from the snapshots of Figure 3.31 (a) to (d).  

 

 

 

 

 

 

 

 

 

 

 

Figure 3.31 (a) running the downloaded file with .msi extension 

 

 

 

 

 

 

 

Figure 3.31 (b) Installing the downloaded file 
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Figure 3.31 (c) Launching the mysql wizard 

 

Figure 3.31 (d) Finishing the mysql wizard 
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3.5.3 Programming MySQL database  

                     Another alternative of programming database is by using XAMPP 

software which can be obtained through https://sourceforge.net/projects/xampp/. Once 

finished to be installed, MySQL software can be searched through computer search 

option as shown in Figure 3.32. This XAMPP software comes with the different 

databases. To create database one needs first to know the location of the XAMPP 

folder which contains mysql folder and bin folder. Figure 3.33 shows the opening of 

the command window through computer search option. Since the command window 

shows the default address in it, one needs to change the address to suit the location of 

the XAMPP folder, mysql folder and then bin folder as shown in Figure 3.34. 

 

 

Figure 3.32 Location of the mysql database in XAMPP folder 

 

 

https://sourceforge.net/projects/xampp/
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Figure 3.33 Opening the command window  

 

 

Figure 3.34 Login into the mysql database 
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As shown in the Figure 3.34 above, after opening the command window the default 

folder address is to local disk C. For this case, XAMPP folder was out of program 

files folder. Then user has to change the default address up to bin folder by typing the 

following: 

 cd / (enter) 

 cd xampp (enter) 

 cd mysql (enter) 

 cd bin (enter) 

The last address of C:\ xampp\mysql\bin shows that the current location is to the bin 

folder. User can login to continue with database creation by typing the following 

address; 

 mysql –u root –p –h 127.0.0.1 

where 

mysql = type of database 

      -u = username (by default is root) 

      -p = password (by default no password) 

     -h = host (by default is localhost or 127.0.0.1) 

When it is required to input password again before login (press enter only). Then user 

will receive a welcome note as shown in Figure 3.34. From Figure 3.35, it can be seen 

that there are default databases which are ready made in the software. To view the list 

of databases the command below was used: 

 show databases; 

Then the new database was ready to be made for storing DGA data. It was stored 

within the same computer. The new database was named ‘dissolved’ to reflect the 
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process of dissolved gas-in-oil analysis. The database was created by using the 

command below: 

 create database dissolved; 

Figure 3.36 shows a list of databases created and stored in inbuilt computer server 

including ‘dissolved’ database. One table was created in it as shown in Figure 3.37.  

 

 

Figure 3.35 List of database 

 

Figure 3.36 Created database (dissolved) 
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Before creating the table in the database, the database ‘dissolved’ was selected for 

storing this table. The selection of the database was done by the command: 

 use dissolved; 

whereby ‘dissolved’ is the name of the database created to store a table with DGA 

data. Table in the database was created for storing DGA data. The table was named 

‘new’ in this database and was created by using the following command: 

 create table new values(id (int(6) primary_key, auto_increment, hydrogen 

varchar(6), carbon_monoxide varchar(6), carbon_dioxide varchar(6), nitrogen 

varchar(6), methane varchar(6), ethane varchar(6), ethylene varchar(6), 

acetylene varchar(6), power varchar(6), voltage varchar(6), oil_temperature 

varchar(6), humidity varchar(6), altitude varchar(6),  m_location varchar(6), 

m_number varchar (6)). 

 

 

Figure 3.37 Created table in the database. 
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Where 

 new = name of the table in the database 

 id = identification number for differentiating DGA data and easy retrieve 

 int = data type i.e. integer, 6 is the number of digits specified 

 varchar = variable character (this data type can hold letters and number) 

 primary_key = a unique identifier of the specific table 

 auto_increment = automatic generation of identification number 

 hydrogen = hydrogen 

 carbon_monoxide = carbon monoxide 

 carbon_dioxide = carbon dioxide 

 nitrogen = nitrogen 

 methane = methane 

 ethane = ethane 

 ethylene = ethylene 

 acetylene = methane 

 power = power of the transformer in kVA 

 voltage = voltage of the transformer in high voltage side, kV 

 oil_temperature = temperature of the transformer oil during sampling, C 

 humidity = relative humidity at the atmosphere before sampling in % 

 altitude = altitude where transformer is installed, M 

 m_location = location of the transformer, name 

 m_number = number of the transformer, number 
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The parameters defined in the command of creating the table contains parameters that 

match to those shown in the input form of the interface (see Figure 3.7). The details of 

the created table are requested in the mysql by the following command: 

 describe new; 

where 

 new = name of the table 

The details are shown in the Figure 3.38. For inserting the data in the table, the input 

must match with the table fields. The following command was used to insert data in 

the table created inside the dissolved database: 

 

 

Figure 3.38 Details of the created table 

 

 insert into new(hydrogen, carbon_monoxide, carbon_dioxide, nitrogen, 

methane, ethane, ethylene, acetylene, power, voltage, oil_temperature, 

humidity, altitude, m_location, m_number) values(12, 25, 30, 5, 2, 5, 3, 5, 

1500, 22, 65, 40, 500, Suknives, 9); 
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where 

 insert into = mysql command for inserting data into the table 

 new = name of the table 

 values = the values of each field inside the table 

 

  3.5.4 Connecting MySQL database and Python interface  

                        For DGA data entered by user to be stored in the database, the database 

must be connected with the interface. There are several connectors used to connect 

mysql and python. The connector can be obtained through the official website of 

mysql software as shown in Figure 3.39 in the red dashed box. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.39 MySQL-python connector 
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MySQL database was connected with the DGA software by using the mysql-python 

connector. It is a standardized MySQL driver for linking the communication between 

python and MySQL database. For testing the functionality of the communication after 

installing the connector, one has to type the following command in the python script: 

 import MySQLdb 

If the connector is not successfully installed it shows an error in the python shell as 

shown in Figure 3.40 (a). Figure 3.40(b) shows the installation of the connector.  

 

Figure 3.40(a) Unsuccessful installation of MySQL-python connector 

 

 

 

 

 

 

 

Figure 3.40(b) Running of the MySQL-python connector 
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Figure 3.40(c) Installation of MySQL-python connector 

 

After finishing to install the mysql-python connector, a message box was programmed 

to make sure that user knows the status of the connection. Figure 3.41 shows the 

status of successful connection from the drop-down list of view menu in the python 

interface (see Figure 3.9) after running the XAMPP control panel. 

 

  

 

 

           Figure 3.41 Status of the database connection 
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3.6 Validation of DGA software 

 DGA data were taken from other researchers, stored in the software database 

and then interpreted by using five diagnostic methods developed in the software. The 

total number of 50 DGA data and results were used for comparison with the results 

from the DGA software. The data from Gouda, Saleh and EL-Hoshy, (2016) and 

Sherif, Ghoneim, and Sayed, (2012) are shown in Table 3.13. 

 
 

Table 3.13 DGA data from other researchers (Gouda, Saleh and EL-Hoshy, 2016; 

Sherif, Ghoneim, and Sayed, 2012) 
 

No Gasses in ppm 

1 H2 CH4 C2H2 C2H4 C2H6 CO CO2 

2 41 65 0 58 22 130 1453 

3 17 66 0 17 9 268 1362 

4 20 48 0 186 36 143 533 

5 179 306 0 579 73 496 1050 

6 73 177 0 52 37 1767 5398 

7 210 43 187 102 12 167 1070 

8 39 7 0 65 12 1469 2692 

9 37 96 0 57 19 132 926 

10 46 147 0 150 27 184 2678 

11 18 63 0 51 20 390 2633 

12 200 30 98 60 9 138 308 

13 28 62 0 76 16 538 1206 

14 68 78 0 136 103 550 1720 

15 54 143 0 101 23 1358 4497 

16 19 47 0 62 27 229 1114 

17 678 70 237 89 31 768 1909 

18 86 277 0 338 63 323 2574 

19 20 19 0 77 45 571 1854 

20 25 49 0 58 42 424 1814 

21 53 150 0 379 64 312 987 

22 114 241 0 574 80 1309 5675 

23 99 298 0 5376 628 783 2819 

24 34 83 0 136 100 645 3197 

25 25 132 0 17 61 712 2576 

26 13 138 0 16 83 1046 5197 

27 762 93 126 54 38 459 5346 

28 43 116 0 139 65 718 2326 

29 179 306 0 579 73 496 1050 
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Table 3.13 DGA data from other researchers (Gouda, Saleh and EL-Hoshy, 2016; 

Sherif, Ghoneim, and Sayed, 2012) (Continued) 

No 
Gasses in ppm 

H2 CH4 C2H2 C2H4 C2H6 CO CO2 

30 57 141 0 51 38 1405 5484 

31 40 8 0 15 34 2723 3929 

32 35 283 0 222 121 1475 11034 

33 15 159 0 87 29 1769 11263 

34 55 159 0 493 114 1309 11298 

35 37 123 0 52 67 869 3896 

36 723 191 288 293 110 459 5346 

37 7 15 0 58 78 687 4647 

38 30 51 0 54 12 803 3566 

39 31 56 0 77 33 771 5175 

40 109 226 0 192 68 1150 5240 

41 137 279 0 505 66 897 3085 

42 59 119 0 70 36 735 4738 

43 151 242 0 232 68 1076 5418 

44 870 77 14 54 73 459 5346 

45 376 575 0 1092 146 674 2160 

46 17 40 0 86 11 78 823 

47 191 47 0 15 43 634 6623 

48 154 11 3 8 14 487 3395 

49 36 245 0 332 144 538 2326 

50 86 187 0 363 136 26 198 

 

 

3.6.1 Fault codes 

          Fault codes used from other researchers were F1, F2, F3, F4, F5, F6 and 

F7. They used them to increase the strength of interpretation and minimize the 

number of ‘No Detection’ from diagnostic methods as shown in Table 3.14  

 

Table 3.14 DGA fault codes used by other researchers  

      (Gouda, Saleh and El-Hoshy, 2016) 

 

Method F1 F2 F3 F4 F5 F6 F7 

Duval Normal 
thermal 

fault <300 C 

thermal 

fault 

  300-700C 

thermal 

fault 

>700C 

low and 

high 

energy 

discharge 

PD with 

mix 

thermal 

and 

electrical 

out of 

code 

fault 
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Table 3.14 DGA fault codes used by other researchers  

      (Gouda, Saleh and El-Hoshy, 2016) 
 

 
 

Abbreviations of faults detected by each diagnostic method of DGA software are 

shown in Table 3.15. These abbreviations are the only detected faults from DGA 

software. 

 

 

 

 

 

 

Dorne

nburg 
Normal 

out of code 

thermal 

decomposition 
arcing 

partial 

 discharges 

out of 

code 

fault 

thermal fault of 

low temp. 

 < 150 C 

IEC Normal 

thermal 

fault of low 

temp. 

150-300 C 

thermal 

fault of 

medium 

temp. 

300-700 C 

thermal 

fault of 

high 

temp. 

> 700 C 

discharge 

with low 

energy 
partial 

discharge 

with low 

energy 

density 

out of 

code 

fault thermal fault of 

low temp.  

< 150 C 

sparking 

discharge 

with high 

energy, 

arcing 

 

 

 

 

Roger’s Normal 

thermal 

fault of low 

temp. 

150-200 C 

Winding 

circulating 

current 
 insulated 

conductor    

overheat 

arc with 

power 

follow 

through 

partial 

discharge 

out of 

code 

fault 

    

thermal 

fault of low 

temp. 

200-300 C 

core/tank 

circulating 

current 

sparking partial 

discharge 

with 

tracking 
flashover 

Key gas Normal 
out of code 

fault 

overheating 

of oil 
hotspot 

arcing 

fault 

partial 

discharge 

(corona) 

out of 

code 

fault 
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Table 3.15 Abbreviations of faults detected by DGA software 

Diagnostic Method Fault types used for interpretation 

Key Gas Method 
O.C – overheating in cellulose 

N.D – no detection 

Dornenburg Ratio Method 

Normal – normal deterioration  

Arc. H – arcing (High-Intensity PD) 

Therm – thermal decomposition 

PD. L – PD (Low-Intensity PD) 

Rogers Ratio Method 

Normal – normal deterioration 

Arc. H – arcing (High-Intensity PD) 

T<700 – thermal fault T<700 C 

T>700 – thermal fault T<700 C 

IEC Ratio Method 

Dis. L – discharge of low energy 

T<150  – thermal fault T<150 C 

150-300  – thermal fault 150<T<300 C 

300-700 – thermal fault 300<T<700 C 

PD. L – PD (Low-Intensity PD) 

Duval Triangle Method 

Dis. L – discharge of low energy 

Dis. H – discharge of high energy 

T<300 – thermal fault T<300 C 

300-700 – thermal fault 300<T<700 C 

T>700 – thermal fault T<700 C 

Mixed – mixed fault (electrical and thermal) 

 
 
 

The summary of results from DGA software as compared from others results are 

shown in Table 3.16. 

 

 

Table 3.16 Comparison of results from DGA software and other researchers 

 

No 

Other researchers DGA software 

KGM DON ROG IEC DUV KGM DON ROG IEC DUV 

1 F7 F1   F3 F3 F3 ND ND T<700 ND 300-700 

2 F7 F1 F7 F3 F1 ND Normal T<700 300-

700 

T<300 

3 F7 F1 F3 F4 F4 ND ND T>700 ND T>700 

4 F7 F3,

F4 

F3 F4 F4 ND ND T>700 ND T>700 

5 F7 F1 F3 F3 F3 ND ND T<700 ND 300-700 

6 F7 F1 F7 F5 F5 ND Arc. H Arc. H Dis. L Dis. H 

7 F4 F1 F7 F7 F4 O.C ND ND ND T>700 

8 F7 F1 F3  F3 F3 O.C ND ND ND 300-700 
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Table 3.16 Comparison of results from DGA software and other researchers   

 

                   (Continued) 

 

9 F7 F1 F7 F4 F4 ND ND  T>700 T>700 300-700 

10 F7 F1 F7  F3 F3 ND ND  T<700 300-

700 

300-700 

11 F7 F1 F7 F5 F5 ND   Arc.H    Arc. H Dis. L Dis. H 

12 F7 F1 F3 F4 F4 ND ND    T>700 ND T>700 

13 F7 F3,

F4 

F7 F3 F4 ND ND  T<700 ND T>700 

14 F7 F3,

F4 

F3 F4 F3 ND ND  T>700 ND 300-700 

15 F7 F1 F3 F3 F4 ND ND  T<700 ND T>700 

16 F7 F5 F7 F5 F5 ND ND  NP Dis. L Dis. L 

17 F7 F1 F7 F4 F4 ND ND  T>700 T>700 T>700 

18 F4 F1 F7 F2 F4 ND ND  LTTO T<150 T>700 

19 F7 F1 F3 F3 F4 ND ND  T<700 ND T>700 

20 F7 F1 F3 F4 F4 ND ND  T>700 ND T>700 

21 F7 F3,

F4 

F3 F4 F4 ND ND  T>700 ND T>700 

22 F7 F3,

F4 

F3 F4 F4 ND ND  T>700 ND T>700 

23 F7 F3,

F4 

F3 F4 F4 ND  Therm  T>700 ND T>700 

24 F7 F3,

F4 

F7 F3 F4 ND ND  T<700 ND T>700 

25 F7 F1 F2 F2 F3 ND ND  ND 150-

300 

T<300 

26 F7 F1 F2 F2 F3 ND ND  ND 150-

300 

T<300 

27 F7 F5 F7 F5 F5 ND   Arc.H   ND Dis. L Dis. L 

28 F7 F3,

F4 

F3 F3 F4 ND ND  T<700 ND T>700 

29 F7 F3,

F4 

F3 F4 F4 ND ND  T>700 ND T>700 

30 F7 F1 F3 F3 F3 O.C ND  T<700 ND 300-700 

31 F4 F1 F7 F1 F1 O.C ND    Normal ND T>700 

32 F7 F3,

F4 

F7 F3 F3 ND ND  T<700 300-

700 

300-700 

33 F7 F1 F7 F3 F3 ND ND  ND 300-

700 

300-700 

34 F7 F3,

F4 

F3 F4 F4 O.C ND  T>700 ND T>700 

35 F7 F1 F2  F2 F3 ND ND  ND 150-

300 

300-700 
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Table 3.16 Comparison of results from DGA software and other researchers   

 

                   (Continued) 

 

36 F7 F5 F7 F5 F5 ND   Arc.H ND Dis. L Mixed 

37 F7 F1 F2 F2 F4 ND ND ND ND T>700 

38 F7 F1 F3 F4 F4 ND ND T>700 ND 300-700 

39 F7 F1 F3 F3 F4 ND ND T<700 ND T>700 

40 F7 F3,

F4 

F3 F3 F3 ND ND   T<700 ND 300-700 

41 F7 F3,

F4 

F3 F4 F4 ND ND   T>700 ND T>700 

42 F7 F1 F3 F3 F3 O.C ND   T<700 ND 300-700 

43 F7 F3,

F4 

F3 F4 F3 ND ND   T>700 ND 300-700 

44 F7 F6 F6 F7 F5 ND PD. L ND PD. L 300-700 

45 17 F3,

F4 

F3 F4 F4 O.C ND   T>700 ND T>700 

46 F7 F1 F3 F4 F4 ND ND   T>700 ND T>700 

47 Dis 

L 

NP NP NP   300-

700 

ND ND    Normal ND 300-700 

48 NP NP NP NP Arch H ND   PD. L  ND PD. L 300-700 

49 NP NP NP 363 T>700 ND ND    T<700   300-700 T>700 

50 NP NP NP NP T>700 ND ND    T<700  ND T>700 

 

 
 

3.6.2 Percentage of successful detection and consistency  

         The number of detections done by five diagnostic methods from other 

researchers with DGA data in Table 3.13 was used to calculate percentages of 

successful interpretation (P) and consistencies (C) and summarized in Table 3.17. The 

formulas are shown in equation (3.22) and equation (3.23) as referred in Muhamad, 

Phung, Blackburn, and Lai, (2007). 

 

      % Success detection =  100×Number of detections / Number of cases          (3.22) 

 

     % Consistency=  100×Number of correct detections / Number of detections (3.23) 

 

 



100 

 

 

As taking an example of interpretations done by diagnostic methods in Table 3.13, 

calculations of percentage successful detections as per equation (3.22) were done and 

summarized in Table 3.17: 

 

For key gas method: 

 

 
       % Successful detection = (100  9) / 50 = 18%  

 

 
For Dornenburg ratio method: 

 

 
 

       % Successful detection = (100  46) / 50 = 92% 

 

 
For Roger’s ratio method: 

 

 
 

       % Successful detection = (100  30) / 50 = 60% 

 

    
 

For IEC ratio method: 

 

 
       % Successful detection = (100  44) / 50 = 88% 

 

 
 

For Duval triangle method: 

 

 
       % Successful detection = (100  50) / 50 = 100% 
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Also taking an example of interpretations done by diagnostic methods in Table 3.13, 

calculations of percentages of consistency as per equation (3.23) were done and 

summarized in Table 3.17: 

For key gas method: 

 

 
                    % Consistency = (100  3) / 4 = 75% 

 

For Dornenburg ratio method: 

 

 
                     % Consistency = (100  20) / 46 = 43% 

 

For Roger’s ratio method: 

 

 
                     % Consistency = (100  18) / 30 = 60% 

For IEC ratio method: 

 

 
                     % Consistency = (100  38) / 44 = 86% 

 

For Duval triangle method: 

 

 
                     % Consistency = (100  44) / 50 = 88% 

 

 
    
 

Table 3.17 Summary of diagnosis performance from other researchers  

Method Predictions % Prediction, 

P 

Correct 

prediction 

% Consistency, 

C 

Key gas 9 18 7 77 

Dornenburg 46 92 20 43 

Roger’s  30 60 18 60 

IEC  44 88 38 86 

Duval triangle 50 100 44 88 
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In DGA software, calculations of successful detection and consistency were done as 

per equation (3.22) and (3.23) respectively. The summary of interpretation performed 

in five diagnostic methods is shown in Table 3.18.  

 

For key gas method: 

 

 
      % Successful detection = (100  7) / 50 = 14% 

 

For Dornenburg ratio method: 

 

 
      % Successful detection = (100  8) / 50 = 16% 

   
 

For Roger’s ratio method: 

 

 
      % Successful detection = (100  38) / 50 = 76% 

  
 

For IEC ratio method: 

 

 
      % Successful detection = (100  18) / 50 = 36% 

  

 
 

For Duval triangle method: 

 

 
      % Successful detection = (100  50) / 50 = 100% 

  

  
 

And their consistencies as per (28) were calculated as follows: 
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For key gas method: 

 

 
               % Consistency = (100  5) / 7 = 71% 

 

 
For Dornenburg ratio method: 

 

 
               % Consistency = (100  3) / 8 = 37% 

 

 
For Roger’s ratio method: 

 

 
 

               % Consistency = (100  21) / 38 = 55% 

 

 
 

For IEC ratio method: 

 

 
 

               % Consistency = (100  15) / 18 = 83% 

 

 
 

For Duval triangle method: 

 

 
 
 

 

               % Consistency = (100  42) / 50 = 84% 

 
 

   
 

Table 3.18 Summary of diagnosis performance from DGA software 

 

Method Detected % Detection, 

P 

Correct 

detection 

 % Consistency, C 

Key gas  7 14 5 71 

Dornenburg  8 16 3 37 

Roger’s  38 76 21 55 

IEC  18 36 15 83 

Duval 

triangle 

50 100 42 84 

 



104 

 

 

3.6.3 Accuracies of diagnostic methods of DGA software  

  Furthermore, the accuracy of each diagnostic method from DGA 

software was evaluated. This defines the degree to which the result of a measurement, 

calculation or specification conforms to the correct value or standard. According to 

Muhamad, Phung, Blackburn, and Lai, (2007) accuracy was divided into two 

categories. The first category involves accuracy based only on detected cases (Ap) 

while the second one involves only the total number of cases (AT). Both cases were 

calculated by using equation (3.24) and (3.25) respectively. 

 
 

% Accuracy based on detection = 100×correct detections / Number of detections       

                                        
 

           AP = (100  TR) / TP                                          (3.24) 

 
 
 

 

         % Accuracy based on total cases = 100×correct detections / Number of cases      

                                
 

           AT = (100  TR) / TC                                         (3.25)                                  
 

 
 

 

As taking an example of interpretations by done diagnostic methods in Table 3.18, 

calculations of accuracy based on detection and total cases as per (3.24) and (3.25) 

respectively were done as follow: 

 

 

For key gas method: 

              AP = (100  3) / 4 = 75% 

 

 

 

              AT = (100  4) / 50 = 8% 
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For Dornenburg ratio method: 

 
 

 

              AP= (100  4) / 9 = 44% 

 

 
 

              AT = (100  9) / 50 = 18% 

 
 

 

For Roger’s ratio method:     

 

 
 

              AP= (100  26) / 38 = 68% 

 

 
 

              AT = (100  38) / 50 = 76% 

 
   

 

For IEC ratio method:     

 

 

 

              AP= (100  16) / 18 = 89% 

 

 
              AT = (100  18) / 50 = 36% 

 
 

   

For Duval triangle method: 

 

 
 

              AP= (100  45) / 50 = 90% 

 

 
 

              AT = (100  50) / 50 = 100% 

 
 
 

 

 

Table 3.19 shows the summary of accuracies of the diagnostic method from DGA 

software. 

 

 



106 

 

Table 3.19 Summary of accuracies of diagnostic methods from DGA software 

 

 Key gas Dornenburg Roger’s IEC Duval 

Total Cases, TC 50 50 50 50 50 

No Prediction, TNP 46 41 12 32 0 

Number of Predictions, TP 4 9 38 18 50 

Correct Predictions, TR 3 4 26 16 45 

Incorrect Predictions, TW 1 5 12 2 5 

Accuracy (Predicted 

cases), AP 

75 44 68 89 90 

Accuracy (Total cases), AT 8 18 76 36 100 

 

 

The accuracies AP of each diagnostic method of DGA software were plotted in the 

chart and shown in Figure 3.42. The accuracy Ap indicates how accurate the method 

can detect the fault from the levels of given dissolved gasses.   

 

 
 

 

Figure 3.42 Accuracies AP of diagnostic methods of DGA software 

 

 
 

The comparison of accuracies between diagnostic methods of DGA software and 

from others researchers are shown in Table 3.20. The initials in Table 3.20 can be 
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compared from the previous Table 3.19. As seen from Table 3.20, DGA represents 

results of DGA software while OR represents those of other researchers. 

 

 

Table 3.20 Comparison of accuracies of DGA and other researchers 

 Key Gas Dorn Rog IEC Duval 

 DGA OR DGA OR DGA OR DGA OR DGA OR 

TC 50 50 50 50 50 50 50 50 50 50 

TNP 46 46 41 4 12 20 32 6 0 0 

TP 4 4 9 46 38 30 18 44 50 50 

TR 3 3 4 20 26 18 16 38 45 44 

TW 1 1 5 14 12 12 2 6 5 6 

AP 75 75 44 43 68 60 89 86 90 88 

 
 

The summary of comparison of accuracies AP from Table 3.20 was plotted in the chart 

as shown in Figure 3.43 for each diagnostic method from DGA software and other 

researchers systems. 

 

 

 
 

 
 

 

Figure 3.43 Comparison of accuracy AP of DGA software and other researchers 
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Table 3.21 Errors of DGA diagnostic methods 

Method AP,DGA AP,OR ( AP,DGA- AP,OR ) / AP,OR, (%) 

Key gas  75 75 0.000 

Dornenburg  44 43 0.023 

Roger’s  68 60 0.133 

IEC  89 86 0.035 

Duval triangle 90 88 0.023 

 

 

 

3.7 Conclusion of the validation 

 

 From Figure 3.43 Duval triangle was seen to have greatest accuracy AP based 

on detected faults followed by IEC (89%), key gas (75%), Roger’s (68%) and 

Dornenburg (44%) when compared to other researchers systems. Also, four out of 

five diagnostic methods showed better in terms of errors as shown in Table 3.21. 

Therefore, the DGA software was conformed to be used for real practices.  

 

3.8 Compiling the software 

 

 After finishing to make python codes, they need to be compiled to be an 

executable file. An executable file is a file which is intended to perform a specified 

task (s) since it contains compiled codes. In order to make an executable file, first, 

inside the codes the first line must be a ‘shebang line’ or sometimes called ‘bang 

line’. It is nothing but an absolute path to the bash interpreter. It starts with a number 

sign and an exclamation mark (#!) followed by the full path to the interpreter like 

/bin/ as shown in the Figure 3.44. Then, the python script should be saved in the same 

folder with of python installation. Another file named ‘setup.py’ should be made and 

saved in the same python folder for guiding the process of making executable file. An 

icon of 1616 or 3232 pixels may be useful for making an image of executable file. 
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Figure 3.44 Shebang line in the python script 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 3.45 Preparing a script, setup file and icon in the python folder 
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An icon named icon2 with .ico extension was used as an icon for the compiled script. 

There are various website where icons can be found. One of the useful website 

include https://www.iconfinder.com. The setup file contains some details about the 

script to be compiled especially names and location as well as an icon to be included. 

The contents of the used setup.py file are shown in Figure 3.46. As seen in Figure 

3.46, the file contains the title of the script, script file, icon name, author’s name, 

 

 

Figure 3.46 Codes of the setup file 

 

name of the program, system type (win 32) and options to include other files. Another 

file included is a ‘cx_Freeze’. This file contains a set of scripts and modules which 

find useful in freezing python codes into an executable file. There are variety of files 

performing the similar task like cx_Freeze such as py2exe and pyapp. The only 

https://www.iconfinder.com/
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advantage of cx_Freeze is the cross platform application. It works in any platform 

where python can work. The official website for downloading cx_Freeze is shown in 

Figure 3.47. It comes with a variety of versions depending on the system type (32-bit 

or 64-bit) and file extension needed (.exe or .whl). If one has downloaded .exe file 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.47 Downloading the cx_Freeze file 

 

the file should be run as an administrator and it is automatically installed in the 

python folder. For .whl one must use pip to install it. After installing the pip, through 

the command window, one must type the following command to install the .whl 

cx_Freeze: 

 pip install (file location) + (file name).whl     (enter) 
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For this case the cx_Freeze file downloaded was saved in the download folder of the 

computer with name cx_Freeze-4.3.4-cp27-none-win32.whl. The command entered in 

the command window is shown below: 

 pip install C:\Users\profcs\Downloads cx_Freeze-4.3.4-cp27-none-win32.whl  

(enter) 

Then the cx_Freeze file was ready to be used to compile the python script. With the 

use of .exe file of cx_Freeze it provides the simple installation shown in Figure 3.48.  

 

 

Figure 3.48 Running the cx_Freeze with .exe extension 

 

From the python file the command window was opened in order to get the direct 

address of the python folder. This was simply done by opening the python folder, 

clicking the python script, hold the shift key in the keyboard and right click the mouse 

to get the option to open the command window as shown in the Figure 3.49. As it is 
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Figure 3.49 Opening the command window in the python folder 

 

shown in the Figure 3.49, the setup.py file was highlighted and right-clicked to open 

the command window. The command used to compile the python codes is shown in  

 

 

Figure 3.50 Compiling setup.py  
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Figure 3.50. The command used is shown below: 

 setup.py build 

where by the setup.py is the script used to guide the compilation of python codes. 

Figure 3.50 shows the initial process while compiling the setup.py in the command 

window. Figure 3.51 shows the last step of compiling the setup.py file in the 

command window. 

 

 

Figure 3.51 End of compilation python script 

 

 
The compiled files are kept in the new folder named build. The build folder is shown 

in Figure 3.52 in red dashed-box. Inside the build folder two folders are occupied such 

as exe.win32-2.7 folder and script-2.7 folder. The compiled python script file is kept 

inside the exe.win32-2.7 folder. In order for the compiled script to be used as an 

application, compiled script must be compressed. The mostly used application for 

compressing files is win-rar application. The official website for obtaining the win-rar 

application is shown in Figure 3.53. The setup was downloaded and installed for  
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Figure 3.52 Folders compiled in the build folder 

 

 
compressing files. First, all files in the exe.win32-2.7 folder were highlighted and 

added in the archive as shown in the Figure 3.54. By compressing the files it allows 

the application to be bounded together with all necessary libraries. Figures 3.54-3.61 

show the whole process of compressing compiled python scripts. The complied 

python files can be copied to any computer and can work satisfactorily. The setup of 

the DGA software when copied to the desktop of this computer is shown in Figure 

3.62. Figure 3.63 shows the interface of the DGA software when opened on this 

computer. 
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Figure 3.53 Official website of the win-rar software 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Figure 3.54 Adding compiled files to archive in the win-rar software 
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Figure 3.55 Creating SFX archive 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3.56 Advanced options for SFX archive 
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Figure 3.57 General options for SFX archive  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3.58 Update options for SFX archive 
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Figure 3.59 Option for hiding other files  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3.60 Adding icon in the win-rar software 
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Figure 3.61 Compressing python files with win-rar software 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.62 The icon of the ready-made DGA software 
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Figure 3.63 The ready-made DGA software 
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3.9 Chapter summary 

 

 This chapter has discussed about development of DGA based software. The 

use of Python for developing graphical user interface and MySQL language for 

programming database have been clearly described. Also the validation of the DGA 

software with 50 DGA data from other researchers have been explained. The use of 

detections for computation of percentage of prediction, percentage of consistency, 

accuracy based on detections and accuracy based on total cases have been discussed. 

The comparison of the performance of diagnostic techniques of DGA software and 

from other researchers have been discussed. Compilation of python scripts is detailed 

in this chapter including official websites, downloading the setups, and installation. 



 

 

 

CHAPTER 4 

 

EXPERIMENTS 

 

4.1     Materials 

            In this study an experiment namely, dissolved gas-in-oil with mineral 

insulating oil from in-service transformers was performed. Samples were taken from 

twenty-eight in-service power transformers available in Suranaree University of 

Technology, Nakhon Ratchasima Thailand. Approximately 100 cc from the sample of 

each transformer was taken for performing this experiments.   

 

4.1.1 Locations of power transformers in Suranaree University of           

Technology  

          Samples of mineral insulating oil were taken from in-service power 

transformers powering different areas in Suranaree University of Technology. 

Records of the estate management of the university show the number of connected 

transformers of more than one hundred. Since there is a large number of transformer 

serving the university, only sampled transformers are highlighted from the university 

map. Figure 4.1 shows the locations of sampled in-service power transformers. As 

depicted from the Figure 4.1, the locations have been named similar to buildings’ 

names. 
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Figure 4.1 Map of Suranaree University of Technology to locate sampled power 

transformers. 

 
 

Where  

 
 Cassava Research building 
 
 Sukanives 1, Sukanives 2, Sukanives 3, Sukanives 4, Sukanives 7, Sukanives 8 
 

 

 

R 

A 
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 Suranives 1, Suranives 5, Suranives 7-8, Scaffolding Suranives 9,  

 Suranives 9-10, Suranives 11-12, Suranives 14. 

 

 Animal building, Animal feeding building, Farm office  

 

 Plumbing building 

 

 
 Sports and Health center, Football field  

 

 
 Lawn at Surasamanakhan hotel, Scaffolding at Surasamanakhan hotel  

 

 
 Sukkhawithi 2, Sukkhawithi 3, Sukkhawithi 6 

 

 
 
 

            4.1.2 Sample names  

          Samples were named similar to buildings’ names for easy follow-up of 

transformer condition. Table 4.1 shows the samples taken from several transformers. 

The list of samples in their order of testing is given in the Appendix D. 

 

 

Table 4.1 Sample names and their locations 

Sample 

number 
Sample name Location 

1 Suknives 1 Suknives building 1 
2 Sukkhawithi 2 Sukkhawithi building 2 
3 Suknives 3 Suknives building 3 
4 Sukkhawithi 3 Sukkhawithi building 3 
5 Suknives 7 Suknives building 7 
6 Animal building Animal building 
7 Suknives 2 Suknives building 2 
8 Suranives 14 Suranives building 14 
9 Suknives 4 Suknives building 4 
10 Sukkhawithi 6 Sukkhawithi building 6 

 

M 

V 

T 

S 

H 

L 
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Table 4.1 Sample names and their locations (Continued) 

11 Suknives 8 Suknives building 7 
12 Suranives 2  Suranives building 2 
13 Surasamanakhan Lawn at Surasamanakhan hotel 
14 Animal feeding Animal feeding building 
15 Football field Football field 
16 Scaffolding Surasamanakhan Scaffolding Surasamanakhan 
17 Sport center Sport and Health center 
18 Farm office Farm office 

19 Suranives 2 Suranives building 2 
20 Suranives 14-01 Suranives building 14-01 
21 Scaffolding Suranives 9 Scaffolding Suranives building 9 
22 Suranives 11-12 Suranives building 11-12 
23 Plumbing building Plumbing building 
24 Suranives 9-10 Suranives building 9-10 
25 Suranives 7-8 Suranives building 7-8 
26 Sport center Sport and Health center 
27 Cassava research Cassava research building 
28 Suranives 5 Suranives building 5 

 

 

            4.1.3 Sample questionnaire   

          Details of sampled transformers were recorded in a sample 

questionnaire. It helps to clarify some information from the diagnosed transformer 

before making decisions. A sample of the questionnaire is shown in Figure 4.2. 

 

4.2     Experiment 

 
            4.2.1 Dissolved gas-in-oil analysis  
 

          This involved the use of commercial DGA equipment from MORGAN 

SCHAFFER. It follows ASTM D3612 to analyze dissolved gasses in oil and IEEE 

C57-106-2008 with the use of Roger’s ratio method and IEC 60599-1999 with the use 

of Duval triangle method for interpretation 
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Figure 4.2 Example of a sample questionnaire 
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                     4.2.1.1 DGA equipment  

           The DGA equipment from Morgan Schaffer Corporation has 

Myrkos – Portable DGA MicroGC (for gas extraction) offering repeatability better or 

equal to ASTM D 3612 or IEC 60567. It measured separately seven gasses most 

significantly fault gasses within 120 seconds as shown in Figure 4.3 and air 

components (O2 and N2) in a separate kit. The levels of dissolved gasses extracted  

 

 

 

 

 

 

 

Figure 4.3 MYRKOS gas extractor. 

 

from MYRKOS were read to the computer for interpretation. Syringes of 100 cc used 

were used for carrying samples during measurement. 

 

         4.2.1.2 Installation procedures 

              The Helium gas was used as a carrier gas properly connected to 

the gas extractor through pressure regulators and pressure gauges. The pressure gauge 

was set to 2000 psi and pressure regulator 80±2 psi before switching on MYRKOS 

gas extractor. Helium gas must first be opened to flow to the MYRKOS before 
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turning it on. An Ethernet cable was used to connect MYRKOS and computer with 

the aid of PPM Report. After powering MYRKOS, the PPM report installed in the 

computer lead a step by step program into the calibration of MYRKOS, preparation of 

samples and later measurement of the oil sample. The arrangement of DGA 

components in the laboratory for gas extraction is shown in Figure 4.4. 

 

         4.2.1.3 Testing procedures  

           The MYRKOS equipment was allowed to warm up for 45 

minutes for its channel temperatures to reach their set points necessary for system 

stabilization. Calibration of gasses inside the MYRKOS was agreed to ±2%. 

Furthermore, CO and CO2 were calibrated to less than 10 ppm while other gasses 

were less than detectable limits (LDL).   

 

 

Figure 4.4 Arrangement of DGA components in the laboratory 
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A 100 cc syringe was first cleaned by Acetone (CH3)2CO and later by samples to be 

measured. The samples were then filled up into the syringes and set as required in the 

procedure including the addition of CO2 and shake up. After all procedures, finally, 

gas levels were measured and read through the computer. Figure 4.5 shows the 

cleaning of the syringe with the sample to be measured during the gas extraction 

process for quantifying the levels of dissolved gasses.   

 

 

 

Figure 4.5 Cleaning a syringe for gas extraction  

 

4.3     Chapter summary 

            This chapter discussed an experiment namely, dissolved gas-in-oil with 

mineral insulating oil from twenty-eight in-service transformers available in 

Suranaree University of Technology, Nakhon Ratchasima Thailand. Installation 

procedures and testing procedures for DGA experiment is detailed in this chapter.  



 

 
 
 

CHAPTER 5 

CORONA IN OIL 

 
5.1     Introduction  

            This chapter describes the development of test cell that can simulate the 

condition of oil corona in power transformer. The need of this chapter follows the 

requirement from the thesis committee. When electrical stress, thermal stress or both 

occur in a transformer, multiple activities grow in transformer’s insulation i.e. partial 

discharge (corona), arcing or overheating (Rondla, Falahi, Zhan and Goulart, 2012; 

Ashkezari, Saha, Ekanayake and Ma, 2011; Nemeth, Laboncz and Kiss, 2009; 

Muhamad, Phung, Blackburn and Lai, 2012). Oil corona is among of the early 

occurring activities inside the liquid insulation. It is referred as a type of localized 

discharge ionization phenomenon that occurs in gaseous media around the energized 

conductors when the stress exceeds a critical value and causes deterioration in 

insulation systems (IEC 60270, 2000; Bartinikas, 1979; Rohwein, 1996). Moreover, 

Oswald, James, and Plymouth, (1964) explained corona as an outcome of an 

accelerated ionization taking place in a gaseous media under the influence of electric 

field. Therefore, the presence of corona in the liquid insulation can be due to the 

presence of water vapors, bubbles (Oswald, James, and Plymouth, 1964), metallic 

protrusions in oil (Ghaffarian and Edin, 2010)  etc. In Ghaffarian and Edin, (2010) 

corona has been distinguished from partial discharge as the activities accompanied by 

visual phenomena while those which are not visible i.e. occur inside of materials or 

devices are termed as partial discharge. The existence of corona in oil can cause
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 serious problems. Among of them are power loss as it consume high voltage and low 

current (Oswald, James and Plymouth, 1964; Izeki, Kurahashi and Matsuura, 1971), 

erosion on the surface of solid insulation, disruption and change of its atomic or 

molecular structure due to bombardment of electrons combined with the intensifying 

effect of heating (Ghaffarian and Edin, 2010), production of dissolved gases (Oswald, 

James and Plymouth, 1964; Ghaffarian and Edin, 2010; Rohwein, 1996) and bubbles 

(Izeki, Kurahashi and Matsuura, 1971) absorbed in the oil and reduction of corona 

inception voltage (CIV) when the level of dissolved gases increases. Furthermore, 

Yadav and Sarathi, (2015); Fofana, Bouaicha, Farzaneh, and Sabau, 2008); Boudraa, 

Mokhnache, and Fofana, (2014) explained that decomposition of liquid insulation 

molecules may formulate new molecules and acidic residues which are hazardous for 

the solid insulation. In liquid insulation, when corona exists in oil, the dielectric 

strength of insulating oil decreases drastically as corona continues to persist until 

breakdown occurs (Rohwein, 1996). For oil filled transformer where minimum 

acceptable levels of corona resistance and dielectric strength are monitored, the liquid 

insulation can be improved to acceptable levels by reconditioning before failure. In 

the absence of proper maintenance plan, failure is more likely to happen when oil 

corona accelerates. Failure of liquid insulation results to the failure of solid insulation 

and hence the end of life of power transformer is reached. With the designed test cell, 

an investigation was performed to study existing relationship between dissolved gas 

in oil and breakdown strength of mineral oil.  
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5.2     Test cell  

            The test cell was made by using a cylindrical acrylic with the 200 mm height, 

120 mm diameter and 5 mm thickness. It has four supporters, white cylindrical rods in 

each corner with plastic nuts, made by Teflon 20 mm diameter and 240 mm height. 

The internal space of the test cell was made to support electrodes and oil sample. 

Figure 5.1 (a) shows a complete test cell and Figure 5.1 (b) shows an arrangement of 

the test cell. Moistures generated during the stressing process was removed by silica 

gel equipped in an external transparent plastic bottle. The silica gel bottle has 

dimensions of 20 mm diameter, 40 mm height and 1.5 mm thickness with a tight 

cover attached on the top cover of the test cell with four small holes (1.5 mm 

diameter) in its base. It has a gap adjuster to vary the distance between the high 

voltage electrode and ground electrode. The test cell was made possible to 

accommodate one needle as well as four needles when needed. 

 

 

 

 

Figure 5.1 Test cell (a) complete test cell (b) its arrangement 
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5.2.1 Electrodes 

                     The configuration of electrodes used was needle-to-hemisphere 

configuration. Two kinds of high voltage electrode were employed into the test cell 

i.e. one needle and four needles. Four needles comprised of three pieces i.e. vertical 

rod, horizontal rod, and needles. Vertical and horizontal rods were made up with 

stainless steel 8 mm diameter, 90 mm height for vertical rod and 40 mm width for the 

horizontal rod. Its four needles were made from steel having lengths of 42 mm, 1 mm 

diameter, a tip radius of 15 m and tip curvature of 30. The distance between one pin 

and the other one was 10 mm. The distance between the first or fourth pin and the side 

way was 5 mm. Figure 5.2 (a) shows a one needle high voltage electrode. Figure 5.2 

(b) shows the four needles high voltage electrode with a vertical rod, horizontal rod, 

and four needles.  

                     The ground electrode was made from the hemispherical shaped bowl 

with stainless steel material having 80 mm lower diameter, 100 mm upper diameter 

and 1 mm thickness. The distance between the lower diameter of the ground electrode 

and upper diameter was 25 mm and the distance between the lower diameter of the 

ground electrode and the acrylic base was 55 mm. HV needles and ground electrode 

were separated by a gap of 5 mm. Figure 5.2 (c) shows four needles and hemisphere 

(ground) electrode configuration in the test cell. 
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        Figure 5.2 Electrodes (a) one needle (b) four needles (c) four needles-to- 

                           hemisphere configuration 

 

5.3     Installation procedures  

          5.3.1 Preparing a sample 

                   The sample of insulating oil was supplied by the Provincial Electricity 

Authority of Thailand (PEA) for simulating corona in oil. For preparation, first, the 

gap between electrodes was adjusted to 5.0 mm by using the gap adjuster. Then the 

test cell was rinsed with acetone and later by a portion of the sample to be stressed. 

After rinsing, the unwanted oil was drained and stored properly for disposal. Figure 

5.3 (a) shows the acetone reagent used for cleaning the test cell while Figure 5.3 (b) 

shows the draining process of unwanted oil after cleaning the test cell. The sample to 

be stressed was then poured gently into the test cell without generating bubbles. A 

sample was left for about five minutes to allow bubbles to varnish.  



136 

 

(a)                                                    (b) 

 

 

                      

Figure 5.3 Cleaning the test cell (a) acetone (b) draining oil after cleaning test cell 

 

          5.3.2 Connection of the stressing circuit 

                   The prepared sample was stressed with 30 kVA 22 kVrms 50 Hz 

transformer. The input was connected via autotransformer necessary for varying stress 

voltage. Figure 5.4 shows a high voltage power supply with (a) autotransformer used 

to vary the input of high voltage transformer and (b) high voltage transformer for 

stressing the oil sample. 
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Figure 5.4 High voltage source (a) autotransformer (b) high voltage transformer 

 

  Figure 5.5 shows the circuit configuration for setting up of oil corona. 

Damping resistor was used to limit breakdown current from destroying the test cell. 

The right side of the HV transformer in Figure 5.4 (a) shows the arrangement used for 

measuring the voltage applied to the test cell. It employed voltage divider through HV 

impedances Z1 and Z2. Figure 5.5 (b) shows an experimental set up for oil corona in 

the HV lab. 

 

 
 

 

(a) 
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(b) 

 

 
Figure 5.5 Oil corona set up (a) circuit configuration (b) experimental set up with 

       1-test cell, 2-damping resistor, 3-HV transformer, 4-HV impedance Z1,  

       5-HV impedance Z2 

 

 

5.4     Testing procedures  

            After arranging the circuit as in Figure 5.5 with 5 mm gap between electrodes 

in the test cell, the voltage was applied to the electrodes by varying voltage from the 

autotransformer. By varying voltage in autotransformer, the stress voltage from HV 

transformer was also varied. Stress voltage was increased from zero up to when oil 

corona was observed either visually or audibly in between electrodes. The 

corresponding stress voltage was recorded as corona inception voltage. Again stress 

voltage was increased from zero up to when the breakdown occurred. The 

corresponding stress voltage was recorded as breakdown voltage. Measurements were 
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done through voltage divider connected across HV transformer with HV impedances 

Z1 and Z2. The measured CIV and breakdown voltages were 5.3 kV and 10.2 kV 

respectively. Stress voltage for oil corona was set 1.2 times above CIV.  Three oil 

samples were kept under this stress voltage for 24 hours, one week and two weeks 

respectively. After 24 hours, one week and three weeks oil samples were measured 

for dissolved gasses and breakdown strengths. Figure 5.6 shows the preparation of 

stressed sample for measurement of breakdown strength.  

 

 

Figure 5.6 Preparation of stressed sample for measurement of breakdown strength.  

Mean, range, the percentage of range to mean and standard deviation were computed 

based on six tests for checking the validity of the test. Validity was checked from the 

test results obtained in each sample through (5.1) to (5.4).   
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                    Range = Highest value – Lowest value                         (5.1) 

 

                             Mean,                         (5.2) 

 

                          % = 100
R R

X X
          (5.3)

         Deviation,                            (5.4) 

 

where  = test results,  

 n = number of tests per sample (n=6) 

           R = range 

            = mean of test results 

      %  = percentage of range to mean 

 

For the valid tests, (5.3) and (5.4) had values less than or equal to 92 percent and 4 

percent respectively. 

 

5.5     Relationship of dissolved gas-in-oil and breakdown strength  

   The test was based on IEC 60156.  The breakdown strength equipment used 

for measuring breakdown strength after oil corona test is shown in Figure 4.6 (chapter 

4). The test cell with mushroom shaped polished brass electrodes, a 2 mm gap, 0-60 

kV 50 Hz of test voltage and 2 kVs-1 rate of rise of test voltage was employed. A part 

of stressed samples from 24 hours, one week and two weeks were taken for 

measurement of dissolved gasses. Table 5.1 shows the results of breakdown strength 
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test for a virgin oil sample and stressed oil samples. Validation of test results of 

breakdown strength was done based on the percentage of range to mean ( 92 %) and 

standard deviation ( 4%). The levels of dissolved gasses were related to the results of 

breakdown strength test. Based on IEC 60156, for a breakdown strength test to be 

valid % Range to mean must be less than 92%. Hence breakdown strength tests were 

valid. Table 5.2 shows the levels of dissolved gasses in oil of stressed samples. 

 

Table 5.1 Results of breakdown strength tests of stressed samples 

Sample 
Period 

(hours) 

Mean 

(kV) 

% Range/Mean 

(%) 

Virgin 0 43.60 69.81 

Sample 1 24 28.35 36.24 

Sample 2 168 20.52 24.00 

Sample 3 336 18.77 80.66 

 

 
 

   Scatter plots of breakdown values versus dissolved gasses are shown in Figure 

5.7. Each dissolved gas was plotted against breakdown values from the virgin to 

stressed oil sample. From the plotted graphs, the relationship of each dissolved gas 

and breakdown value was studied. As observed in Figure 5.7, only CO and CO2 

showed the existence of a relationship with breakdown strength. The remained 

 

Table 5.2 Results of dissolved gas-in-oil of stressed samples 

Sample Period H2 CO CO2 CH4 C2H6 C2H4 C2H2 

Virgin 0 0 0 363 0 0 0 0 

Sample 1 24hrs 0 3 422 0 0 0 0 

Sample 2 168 hrs 0 12 438 0 0 0 0 

Sample 3 336 hrs 0 16 474 0 0 0 0 
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dissolved gas and breakdown value was studied. As observed in Figure 5.7, only CO 

and CO2 showed the existence of a relationship with breakdown strength. The 

remained dissolved gasses showed non-existence of the relationship. From this result, 

the existence of a negative relationship between CO, CO2 and breakdown strength 

does not strongly sound since these gasses can also be generated during transportation 

and preparation in the laboratory due to exposure to ultraviolet light. Therefore, 

stressing insulating oil for a short period may lead to false results. It was advised to 

stress the insulating oil over an extended period for better results.  

 

5.6     Chapter summary  

            This chapter has discussed the design of new test cell for simulating corona in 

oil as an internal activity inside the oil filled transformer. The test cell made from 

acrylic material with mushroom shaped polished brass electrodes was discussed. Four 

samples of mineral insulating oil stressed at 5.0 mm gap, supply voltage of 1.2 times 

CIV, 50 Hz were explained. Two tests i.e. dissolved gas in oil and breakdown strength 

from stressed samples were shown. The results of the study of existing relationship 

between dissolved gas-in-oil and breakdown values was also described. 
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Table 6.1 Interpretation of dissolved gasses (Continued) 

22 25 129 0 37 841 307 8552 ND ND ND ND ND 

23 0 0 9 0 0 35 2165 ND ND ND ND ND 

24 0 693 0 0 199 183 3768 OC ND ND ND T3 

25 0 0 0 3 0 100 4686 ND ND ND ND T3 

26 0 0 0 18 0 36 1974 OC ND ND ND D2 

27 0 0 13 22 0 324 2751 OC ND ND ND T3 

28 0 0 0 3 0 89 4585 OC ND ND ND T3 

 
 

6.1.1 Conditions of power transformers 

          Since the condition of the transformer especially condition 1 can affect 

the interpretation done by using diagnostic methods, they were first studied from the 

results given in Table 6.1. Table 6.2 shows the summary of interpreted conditions of 

power transformers. This was done based on the IEEE C57.104-2008. Figure 6.1  

 

Table 6.2 Conditions of power transformers 

Conditions Number of transformers 

1 25 

2 2 

3 0 

4 1 

 

 

shows the number of power transformer and their specific conditions. From Figure 6.1 

it can be seen that a large number of power transformers (25 transformers) are in 

condition 1. According to IEEE C57.104-2008, these power transformers are 

operating satisfactorily. But the rate of evolution of dissolved gases should be 

carefully monitored in order to examine any incipient fault. It can also be observed 

that one transformer is in condition 4. The rate of evolution of dissolved gasses should 
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be quickly identified in order to exercise extreme caution.For those in condition 2 an 

action must be taken to identify the evolution rate and exercise caution. 

 

 

 

Figure 6.1 Conditions of power transformers 

 

6.2       Diagnosis of key gas method 

 From Table 6.1, the diagnoses of key gas method can be summarized as 

shown in Table 6.3. As observed from Table 6.3, key gas method succeeded to 

diagnose all cases. But almost half of the cases were resulted into no detection. The 

percentage of detection of this method was computed and found to be 42.86%.  

 

Table 6.3 Diagnoses of key gas method 

Cases 28 

Successful detections  28 

Faults detected  12 

No detections 16 

Percentage of detection (%) (100  12)/28 = 42.86 
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            The faults predicted by the key gas method were plotted for studying the 

health of the transformer due to the severity of the existing faults in the insulation. 

Figure 6.2. As shown in Table 6.1, the only one and most detected fault was 

overheated oil. Overheated oil is a typical thermal fault and a moderate serious fault. 

The existence of this fault deteriorate the liquid insulation and if it stays over a long 

time may cause a serious damage. 

 

 

 

 

 

 

 

 

 

 

Figure 6.2 Diagnoses of key gas method 

 

6.3       Diagnosis of Dornenburg ratio method 

 From Table 6.1, the diagnoses of Dornenburg ratio method can be summarized 

as shown in Table 6.4. Observation from Table 6.4 showed that Dornenburg ratio 

method did not succeed to diagnose in any case. In all 28 cases it resulted into no 

detection. The computed percentage of detection of this method was around 0.00%.  
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Table 6.4 Diagnoses of Dornenburg ratio method 

Cases 28 

Successful detections  28 

Faults detected  0 

No detections 28 

Percentage of detection (%) (100  0)/28 = 0.00 

 

Figure 6.3 shows no case detected by Dornenburg ratio method. This is 

because most of the hydrocarbon gases have zero ppm which indicates they in 

condition 1. 

 

 

 

 

 

 

 

 

 

 

Figure 6.3 Diagnoses of Dornenburg ratio method 

 

6.4       Diagnosis of Roger’s ratio method 

From Table 6.1, the diagnoses of Roger’s ratio method can be summarized as 

shown in Table 6.5. Roger’s did not succed to predict any fault  in 28 cases. The 

computed percentage of detection of this method was 0.00%. Figure 6.4 shows the  
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Table 6.5 Diagnoses of Roger’s ratio method 

Cases 28 

Successful detections  28 

Faults detected  0 

No detections 28 

Percentage of detection (%) (100  0)/28 = 0.00 

 

numbers of faults for Roger’s ratio method. This is because most of the hydrocarbon 

gases have zero ppm which indicates they in condition 1. 

 

   

Figure 6.4 Diagnoses of Roger’s ratio method 

 

6.5       Diagnosis of IEC ratio method 

From Table 6.1, the diagnoses of IEC ratio method can be summarized as 

shown in Table 6.6. Figure 6.5 shows one case detected by IEC ratio method. The 

detected case was thermal fault of temperature between 150 C and 300 C. This fault 

is less serious to due to the range of temperature it existed. 
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Table 6.6 Diagnoses of IEC ratio method 

Cases 28 

Successful detections  28 

Faults detected  1 

No detections 27 

Percentage of detection (%) (100  1)/28 = 3.57 

 

 

 

Figure 6.5 Diagnoses of IEC ratio method 

 

6.6       Diagnosis of Duval triangle method 

From Table 6.1, the diagnoses of Duval triangle method can be summarized as 

shown in Table 6.7. The list of detected faults by Duval triangle is shown in Table 

6.8. Figure 6.6 shows the case detected by Duval triangle method. The percentage of 

detection was 53.57%. This indicates the greatest ability of this method to detect 

faults. 
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Table 6.7 Diagnoses of Duval triangle method 

Cases 28 

Successful detections  28 

Faults detected  15 

No detections 13 

Percentage of detection (%) (100  15)/28 = 53.57 

 
 

Table 6.8 Detected faults in Duval triangle 

No Detectable Fault Number of occurrences 

1 Partial Discharge (PD) 0 
2 Discharge of Low Energy Intensity (D1) 0 
3 Discharge of High Energy Intensity (D2) 2 
4 Mixed Fault (DT) 0 
5 Thermal Fault T < 300 C (T1) 1 
6 Thermal Fault 300 < T < 700 C  (T2) 1 
7 Thermal Fault T > 700 C (T3) 11 

8 No detection 13 

Total 28 
 

 

 

 

 

Figure 6.6 Diagnoses of Duval triangle method 
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From Figure 6.6, it can be seen that T3 is the most occurring fault among the other 

faults. Thermal fault T3 is the serious fault if maintenance is delayed over a long 

service time. In Duval (2003) T3 fault was described to be caused by circulating 

current in core windings which cannot be cleared by changing or reconditioning of 

insulating oil. 

 

 

6.7       Performance of diagnostic methods 

Figure 6.7 shows the comparison of performances of diagnostic methods. 

These perfomances have been computed from Table 6.3 to Table 6.8 in terms of 

percentage of predictions. Duval triangle showed the ability to predict faults by 

53.57%, followed by key gas method 43.47%. Ratio methods like Dornenburg, 

Roger’s and IEC ratio methods failed to perform diagnosis because most of 

transformers were in condition 1. 

 

 

 

 

Figure 6.7 Performance of diagnostic methods 

 



 

 

 

CHAPTER 6 

 

RESULTS AND DISCUSSION 
 

 

6.1     Analysis of dissolved gasses    

            Dissolved gasses were interpreted by using DGA technique. Five diagnostic 

methods often employed in DGA i.e. key gas, Roger’s ratio, Dornenburg ratio, IEC 

ratio and Duval triangle were used for interpreting results of dissolved gasses. The 

results of interpretation are shown in Table 6.1. 

 

Table 6.1 Interpretation of dissolved gasses 

No 
Gasses in ppm Interpretation 

H2 CH4  C2H2  C2H4 C2H6 CO CO2  KGM DOR ROG IEC DUV 

1 0 0 0 0 0 0 643 ND ND ND ND ND 

2 0 0 0 0 0 84 2715 OC ND ND ND ND 

3 0 0 0 0 0 33 3095 OC ND ND ND ND 

4 0 0 0 4 6 102 6019 OC ND ND ND T3 

5 0 0 7 0 23 48 4889 ND ND ND ND ND 

6 0 0 0 0 0 57 5160 OC ND ND ND ND 

7 0 0 7 0 20 17 4073 ND ND ND ND ND 

8 0 0 0 2 2 94 6427 OC ND ND ND T3 

9 10 0 0 44 24 365 9087 ND ND ND ND T3 

10 0 0 0 0 0 18 1684 OC ND ND ND ND 

11 0 0 0 2 0 126 4153 OC ND ND ND T3 

12 0 0 0 48 12 308 8078 ND ND ND ND T3 

13 5 0 0 69 21 266 7977 ND ND ND ND T3 

14 0 0 0 0 45 64 2477 ND ND ND ND ND 

15 16 14 0 0 112 49 3061 ND ND ND ND ND 

16 0 0 0 4 0 60 4302 OC ND ND ND T3 

17 0 0 0 0 9 166 7165 ND ND ND ND ND 

18 0 6019 0 0 1246 27 1879 ND ND ND ND ND 

19 17 0 9 0 21 304 14219 ND ND ND ND D2 

20 0 0 4 5 0 10 1876 ND ND ND ND T1 

21 15 21 0 4 114 67 4244 
ND ND ND 

150-

300 
T2 



153 

 

6.8     Chapter summary    

            This chapter has discussed the interpretation of dissolved gasses interpreted by 

using DGA technique. The conditions of power transformers have also been 

interpreted and discussed. Performance of five diagnostic methods often employed in 

DGA i.e. key gas, Roger’s ratio, Dornenburg ratio, IEC ratio and Duval triangle were 

used for interpreting results of dissolved gasses were explained. Their abilities in 

terms of percentage of predictions were given. 

 



 
 

CHAPTER 7 

 

CONCLUSION AND FUTURE WORK 

 
7.1      Conclusion  

             This work developed computer based software for performing condition 

monitoring of oil filled power transformers. The interface of the developed DGA 

software, progrmmed by using python language, was made to enable user to input 

DGA information, save to database and retrieve them for performing diagnoses. 

MySQL programming language was then used to create database necessary for 

storing DGA information. The developed DGA software was lastly connected to the 

database by the use of mysql-python connector. Five diagnostic methods i.e. key gas 

method, Dornenburg ratio method; Roger’s ratio method, IEC ratio method and Duval 

triangle method were implemented to interpret existing faults. In validating the 

developed software from results of fifty DGA data from other researchers, Duval 

triangle method showed the highest percentage of detection and consistency (90%) 

compared to other diagnostic methods. Moreover, Duval triangle showed the greatest 

accuracy AP and AT (90%) when compared to other researchers’ systems. Therefore, 

the developed DGA software was conformed for condition monitoring practices.  

             For using the developed software, twenty-eight samples of mineral insulating 

oil sampled from in-service transformers were taken from Suranaree University of 

Technology for condition monitoring. From the results, it was seen that overheated in 

cellulose was the only and most detected fault with key gas method. This technique 

showed 43.47 % of detection. Thermal fault of temperature greater than 700C (T3)
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was the most detected fault in Duval triangle method. Ratio methods failed to detect 

faults because the majority of transformers were detected to be in Condition 1. This is 

due to the non-existence of hydrocarbon gasses. In their presence, sometimes ratio 

methods are not able to detect faults because of the multiple faults existing in the 

transformer. The existence of multiple faults inside the transformer is indicated by 

different interpretation from diagnostic methods.  

Since overheated in cellulose and thermal fault of temperature greater than 

700 C (T3) are both thermal fault, but T3 is the most serious fault due to the amount 

of temperature beyond 700 C. If this fault exist for a long time may weaken the 

liquid insulation and hence shorten the life of the transformer. The group of 

transformers with thermal fault T3 should be highly considered in maintenance.  

 

7.2     Future work 

            The main considerations for the future works should include the following,  

(a) To combine diagnostic methods in the developed DGA software with other 

artificial techniques to improve the diagnostic performance to detect 

multiple activities occurring inside the transformer liquid insulation. 

(b) The results of dissolved gas-in-oil analysis shown in section 6.1 and 

breakdown strength test (see Table C1 in Appendix C) obtained from 

twenty-eight samples of mineral insulating oil were used to establish a 

model for estimating the remained life of the transformer. The results may 

be useful for future studies if long service DGA data are available.  
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SOURCE CODES FOR DGA SOFTWARE 

           The following below are some of the source codes used in the 

development of DGA software presented in this research and its diagnostic methods 

used in interpretation of DGA information. 

 

 

    Codes for developing the graphical user interface.  

              This section shows the source codes used to implement graphical 

user interface of the DGA software which includes the input form, menu items and 

diagnostic methods. 

 
#!/usr/bin/env python 

 from Tkinter import * 

 import ttk 

 import shutil 

 import os, sys, glob, time 

 import tkMessageBox 

 import Tkinter 

 import math 

 import MySQLdb 

 import _mysql 

 from datetime import datetime 

 from tkMessageBox import showwarning 

 from Canvas import CanvasText 

 from decimal import ROUND_05UP, ROUND_HALF_DOWN, ROUND_FLOOR  

 from types import * 

 from datetime import datetime, timedelta 

 import functools 

 from fileinput import filename 

fields1 = ["HYDROGEN  H2", "CARBON MONOXIDE CO", "CARBON DIOXIDE 

 CO2", "NITROGEN N2", "METHANE CH4", "ETHANE C2H6", 
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"ETHYLENE C2H4", "ACETYLENE C2H2", "POWER (kVA)",  "VOLTAGE 

(kV)", "OIL TEMPERATURE (C)", "ALTITUDE  (M)","HUMIDITY 

(%)","TRANSFORMER LOCATION",  "TRANSFORMER NUMBER"] 

entries = []                 

def makeform(root, fields1):                        

    for field in fields1: 

        row = Frame(root) 

        lab = Label(row, relief=RAISED, width=30, height=1, text=field) 

        entt=StringVar() 

        ent = Entry(row, textvariable=entt, relief=RAISED, width=32) 

        row.pack(side=TOP, anchor=NW) 

        lab.pack(side=LEFT) 

        ent.pack(side=RIGHT, expand=NO) 

        ent.delete(0, END) 

        ent.insert(END, 'Input your value here') 

        ent.focus() 

        ent.bind('<Return>', (lambda event: fetch())) 

        entries.append(entt) 

    return entries         

menu = Menu(root)                                                            

root.config(menu=menu)                                                        

filemenu = Menu(menu)                            

menu.add_cascade(label="File", menu=filemenu, underline=0)                                    

submenu = Menu(filemenu) 

submenu.add_command(label="Diagnosis Summary", command=summy) 

submenu.add_command(label="Comparison Summary", command=comp) 

submenu.add_command(label="Trending Summary", command=sumy) 

filemenu.add_cascade(label="Open...", menu=submenu, underline=0) 

filemenu.add_separator()                          

filemenu.add_command(label="Close App", command=syqut, underline=0)                            

separator = ttk.Separator() 

viewmenu = Menu(menu)                    

menu.add_cascade(label="View", menu=viewmenu, underline=0)                                    

viewmenu.add_command(label="Database Connection", command=dbconn)            

viewmenu.add_command(label="Database Details", command=dbdetails) 

viewmenu.add_command(label="Last Entry", command=gastable, underline=0) 

viewmenu.add_command(label="Database Entries", command=dmanage) 

commcentermenu = Menu(menu)      
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 menu.add_cascade(label="Communication", menu=commcentermenu, underline=0)                          

commcentermenu.add_command(label="Communication Center",command=ccenter)   

 multidgamenu = Menu(menu) 

 menu.add_cascade(label="Multiple DGA", menu=multidgamenu, underline=0)  

 multidgamenu.add_command(label="Multiple DGA", command=multipledga) 

 searchmenu = Menu(menu) 

 menu.add_cascade(label="Search", menu=searchmenu, underline=0)  

 searchmenu.add_command(label="Search Data", command=dsearch, underline=0)                       

 helpmenu = Menu(menu)                            

 menu.add_cascade(label="Help", menu=helpmenu, underline=0,)                                    

 helpmenu.add_command(label="About Application", command=about_app)               

 helpmenu.add_separator()                      

 submenu = Menu(helpmenu)                                

 submenu.add_command(label="Input Gases", command=inputgases, underline=0)                     

 submenu.add_command(label="Save To Database",command=savetodatabase)  

 submenu.add_separator()                                                

 submenu.add_command(label="Diagnosing Methods", command=dmethod)               

 submenu.add_separator()                                

 helpmenu.add_cascade (label="Usage", menu=submenu, underline=0) 

 text2 = Text (root, height=10, width=41, relief=RIDGE, padx =5, pady =2)           

 text2.tag_configure ('bold_italics', font= ('times', 10, 'bold', 'italic'))   

 text2.tag_configure ('color', foreground='darkgreen', font= ('times', 13, 'bold')) 

 text2.insert (END,' A Technical Quote', 'big')                        

 quote = """  

 Condition Monitoring is a strong tool\n for transformer management but an\n 

 accurate diagnosis of dissolved gas-\n in-oil and interpretation makes it \n the 

 strongest one... 

 """                                                                              

 text2.insert (END, quote, 'color') 

 text2.config (relief=RAISED, bd=3)                                   

 text2.pack (side=BOTTOM, anchor=SW)                                                     

 text2.config (cursor='hand2')   

 root.mainloop () 
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    Source codes for performing key gas method.  

               This section shows the source codes used to implement key gas 

method. They include getting data from user, retrieving DGA information from the 

database, diagnosing and saving the diagnostic results. 

 

def keygasmethod(): 

    oceann = IntVar() 

    def ferrt(): 

        start_time = datetime.now() 

        kgs=(oceann.get()) 

        kg=int(kgs) 

        q1=can21.create_text(760,25, text="Your input: %d " % kg) 

        sql=("SELECT*FROM new WHERE id= '%d'" % (kg))     

        db=MySQLdb.connect("127.0.0.1", "root", "mysql125", "dissolved") 

        cursor=db.cursor()  

        cursor.execute(sql)    

        results = cursor.fetchall() 

        for col in results: 

            ed = col[0] 

            hydrogen = col[1] 

            carbon_monoxide = col[2] 

            carbon_dioxide = col[3] 

            nitrogen = col[4] 

            methane = col[5] 

            ethane = col[6] 

            ethylene = col[7] 

            acetylene = col[8] 

            power = col[9] 

            voltage = col[10] 

            oil_temperature = col[11] 

            altitude = col[12] 

            humidity = col[13] 

            m_location = col[14] 

            m_number = col[15] 

        can21.create_text(115,25, text="Your data for diagnosis", fill='blue') 
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        can21.create_text(60,45, text="ID:%s "  % ed)  

        can21.create_text(110,45, text="H2:%s " % hydrogen)    

        can21.create_text(165,45, text="CO:%s " % carbon_monoxide) 

        can21.create_text(225,45, text="CO2: %s " % carbon_dioxide) 

        can21.create_text(285,45, text="N2: %s " % nitrogen) 

        can21.create_text(350,45, text="CH4: %s " % methane) 

        can21.create_text(420,45, text="C2H6: %s " % ethane) 

        can21.create_text(495,45, text="C2H4: %s " % ethylene) 

        can21.create_text(575,45, text="C2H2: %s " % acetylene) 

        a=int(" %s " % hydrogen) 

        b=int(" %s " % carbon_monoxide) 

        c=int(" %s " % methane) 

        d=int(" %s " % ethane) 

        e=int(" %s " % ethylene) 

        f=int(" %s " % acetylene) 

        g1=int(" %s " % carbon_dioxide) 

        TDCG =  a+b+c+d+e+f 

        a1=(a*100)/float(TDCG), b1=(b*100)/float(TDCG),c1=(c*100)/float(TDCG) 

        d1=(d*100)/float(TDCG), e1=(e*100)/float(TDCG), f1=(f*100)/float(TDCG) 

        a2=round(a1, 2), b2=round(b1, 2), c2=round(c1, 2), d2=round(d1, 2) 

        e2=round(e1, 2), f2=round(f1, 2), g2=round(g1, 2) 

        F1="Overheating in Oil",  F2="Overheating of Cellulose",F3="Arcing in Oil   

        F4="Partial Discharge and Corona",  F5="Normal", F6="No Prediction" 

        can21.create_text(83,70, text="TDCG: %d " % TDCG) 

        can21.create_text(160,70, text="H2: %.2f " % a2) 

        can21.create_text(194,70, text="%") 

        can21.create_text(240,70, text="CO: %.2f " % b2) 

        can21.create_text(275,70, text="%") 

        can21.create_text(325,70, text="CH4: %.2f " % c2) 

        can21.create_text(365,70, text="%") 

        can21.create_text(420,70, text="C2H6: %.2f " % d2) 

        can21.create_text(463,70, text="%") 

        can21.create_text(520,70, text="C2H4: %.2f " % e2) 

        can21.create_text(563,70, text="%") 

        can21.create_text(620,70, text="C2H2: %.2f " % f2) 

        can21.create_text(660,70, text="%")     

        can21.create_line(180, (500-(2*a1)),220, (500-(2*a1)),width=(a1*4), fill='blue')   

        can21.create_line(260, (500-(2*b1)),300, (500-(2*b1)),width=(b1*4), fill='blue') 

        can21.create_line(340, (500-(2*c1)),380, (500-(2*c1)),width=(c1*4), fill='blue') 

        can21.create_line(420, (500-(2*d1)), 460,(500-(2*d1)),width=(d1*4), fill='blue') 

        can21.create_line(500, (500-(2*e1)), 540, (500-(2*e1)),width=(e1*4), fill='blue') 

        can21.create_line(580, (500-(2*f1)), 620, (500-(2*f1)), width=(f1*4), fill='blue')   

        can21.create_text(780, 160, text=" %s " % hydrogen)                                  

        can21.create_text(780, 200, text=" %s " % carbon_monoxide) 

        can21.create_text(780, 240, text=" %s " % methane) 

        can21.create_text(780, 280, text=" %s " % ethane) 

        can21.create_text(780, 320, text=" %s " % ethylene) 
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         can21.create_text(780, 360, text=" %s " % acetylene) 

        can21.create_text(780, 400, text=" %s " % carbon_dioxide) 

        can21.create_text(780, 440, text=" %s " % nitrogen) 

        can21.create_text(650,44, text="(ppm)", fill='blue') 

        can21.create_text(880, 440, text=" N.A ") 

        can21.create_text(880, 360, text=" N.A ") 

        can21.create_text(740, 480, text=" FAULT: ") 

        if a > 1000: 

            can21.create_text(880, 160, text="ARCING, CORONA") 

        else: 

            can21.create_text(880, 160, text="NORMAL")  

        if b > 1000: 

            can21.create_text(880, 200, text="SEVERE OVERHEATING") 

        else: 

            can21.create_text(880, 200, text="NORMAL")  

        if c > 80: 

            can21.create_text(880, 240, text="SPARKING") 

        else: 

            can21.create_text(880, 240, text="NORMAL") 

        if d > 35: 

            can21.create_text(880, 280, text="LOCAL OVERHEATING")  

        else: 

            can21.create_text(880, 280, text="NORMAL") 

        if e > 100: 

            can21.create_text(885, 320, text="SEVERE OVERHEATING") 

        else: 

            can21.create_text(880, 320, text="NORMAL") 

        if g1 > 15000: 

            can21.create_text(820, 400, text="SEVERE OVERHEATING") 

        else: 

            can21.create_text(880, 400, text="NORMAL") 

        if a2 >= 60 and  f2 >= 30: 

            can21.create_text(820, 500, text="%s " % F3) 

            t=("%s "%F3) 

        elif a2 >= 85 and c2 >= 13: 

            can21.create_text(820, 500, text="%s " % F4) 

            t=("%s "%F4) 

        elif b2 >= 90: 

            can21.create_text(820, 500, text="%s " % F2) 

            t=("%s "%F2) 

        elif d2 >= 19 and e2 >= 63: 

            can21.create_text(820, 500, text="%s " % F1) 

            t=("%s "%F1) 

        else: 

            can21.create_text(820, 506, text="%s " % F6) 

            t=("%s "%F6) 

        cursor.close() 

        db.close() 
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        lo9.configure(state=DISABLED, background='silver') 

        can21.create_text(935, 545, text=" *"*3, fill='green') 

        can21.create_text(825, 545, text="CHOOSE ANOTHER METHOD") 

        can21.create_text(710, 545, text=" *"*3, fill='green') 

        with open('.\summary.txt', mode='a+') as fl: 

            lines_of_text = ["     \n\n   DGA FOR POWER TRANSFORMERS\n", "    

  SCHOOL OF ELECTRICAL ENGINEERING\n", "SURANAREE 

  UNIVERSITY OF TECHNOLOGY\n", "--"*20, "\n DIAGNOSIS  

 SUMMARY\n", "--"*20] 

            lines_of_text1 = ["\n    Method: KEY GAS METHOD"] 

            lines_of_text2 = ["\n    Time: %s " % time.strftime('%c')] 

            lines_of_text3 = ["\n    Data ID: %d " % (kg)] 

            lines_of_text4 = ["\n Data => H2:%s "%(hydrogen), "C0:%s   

  "%(carbon_monoxide), "C02:%s "%(carbon_dioxide), "N2:%s  

  "%(nitrogen), "CH4:%s "%(methane), "C2H6:%s "%(ethane),  

  "C2H4:%s "%(ethylene), "C2H2:%s "%(acetylene)] 

            lines_of_text5 = ["\n kVA:%s "%(power), "kV:%s "%(voltage), "Temp:%s 

  "%(oil_temperature), "Altitude:%s "%(altitude), "Humidity:%s  

  "%(humidity), "Location:%s "%(m_location), "Number:%s  

  "%(m_number)] 

            lines_of_text6 = ["\n\nAnalysis:"] 

            lines_of_text7 = ["\n TDCG :%d "%(TDCG), "H2(percent):%.2f "%(a2),  

  "CO(percent):%.2f "%(b2), "CH4(percent):%.2f "%(c2)] 

            lines_of_text8 = ["\nC2H6(percent):%.2f "%(d2), "C2H4(percent):%.2f  

  "%(e2), "C2H2(percent):%.2f "%(f2)] 

            lines_of_text9 = ["\n\n    Fault:", " %s "%t] 

            fl.writelines(lines_of_text)  

            fl.writelines(lines_of_text1) 

            fl.writelines(lines_of_text2) 

            fl.writelines(lines_of_text3) 

            fl.writelines(lines_of_text4) 

            fl.writelines(lines_of_text5) 

            fl.writelines(lines_of_text6)   

            fl.writelines(lines_of_text7) 

            fl.writelines(lines_of_text8) 

            fl.writelines(lines_of_text9) 

            fl.writelines(["\n\nEND OF DIAGNOSIS SUMMARY\n", "--"*45]) 

            fl.close() 

        end_time = datetime.now() 

        can21.create_text(808,65,  

                      text=('Computing Time:{}'.format(end_time - start_time))) 

 

 

 

 

 



199 

 

 

 

 

    Source codes for performing Dornenburg ratio method.  

               This section shows the source codes used to implement 

Dornenburg ratio method. They include getting data from user, retrieving DGA 

information from the database, diagnosing and saving the diagnostic results. 

 

def dornenburgmethod(): 

    oceann = StringVar() 

    def ferrm(): 

        start_time = datetime.now() 

        kgs=(oceann.get()) 

        kg=int(kgs) 

        q1=can22.create_text(800,25, text="Your input: %d " % kg) 

        sql=("SELECT*FROM new WHERE id= '%d'" % (kg))     

        db=MySQLdb.connect("127.0.0.1", "root", "mysql125", "dissolved") 

        cursor=db.cursor()  

        cursor.execute(sql)  

        results = cursor.fetchall() 

        fiel=cursor.description 

        for col in results: 

            id = col[0] 

            hydrogen = col[1] 

            carbon_monoxide = col[2] 

            carbon_dioxide = col[3] 

            nitrogen = col[4] 

            methane = col[5] 

            ethane = col[6] 

            ethylene = col[7] 

            acetylene = col[8] 

            power = col[9] 

            voltage = col[10] 

            oil_temperature = col[11] 

            altitude = col[12] 

            humidity = col[13] 

            m_location = col[14] 

            m_number = col[15] 

        can22.create_text(115,25, text="Your data for diagnosis", fill='blue') 

        can22.create_text(60,45, text="ID:%s "  % id)  

        can22.create_text(110,45, text="H2:%s " % hydrogen)    

        can22.create_text(165,45, text="CO:%s " % carbon_monoxide) 

        can22.create_text(225,45, text="CO2: %s " % carbon_dioxide) 

        can22.create_text(285,45, text="N2: %s " % nitrogen) 

        can22.create_text(350,45, text="CH4: %s " % methane) 
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        can22.create_text(420,45, text="C2H6: %s " % ethane) 

        can22.create_text(495,45, text="C2H4: %s " % ethylene) 

        can22.create_text(575,45, text="C2H2: %s " % acetylene)    

        a=int(" %s " % hydrogen), b=int(" %s " % carbon_monoxide) 

       c=int(" %s " % methane), d=int(" %s " % ethane) 

        e=int(" %s " % ethylene), f=int(" %s " % acetylene) 

        if f==0: 

            d2=0  

        else: 

            d1=(d/float(f)) 

            d2=round(d1, 2) 

        a1=(c/float(a)), b1=(f/float(e)), c1=(f/float(c)),  e1=(e/float(d)) 

        a2=round(a1, 2), b2=round(b1, 2), c2=round(c1, 2), e2=round(e1, 2) 

       ab=" ABOVE LIMIT ",  aba=" NORMAL ",ab1=" Thermal Decomposition " 

       ab2="Partial Discharge (Low Intensity PD) ", ab3="Arcing (High Intensity PD) " 

        ab4=" No Prediction "    

        can22.create_text(650,44, text="(ppm)", fill='blue') 

        can22.create_text(83,75, text="Gas Ratios:", fill='blue')                

        can22.create_text(140,70, text="CH4", fill='black') 

        can22.create_line(128,77, 151, 77, width=1, fill='black') 

        can22.create_text(140,85, text="H2", fill='black') 

        can22.create_text(162,76, text="=", fill='black') 

        can22.create_text(185,76, text="%.2f " % a2) 

        can22.create_text(255,70, text="C2H2", fill='black') 

        can22.create_line(240,77, 272, 77, width=1, fill='black') 

        can22.create_text(255,85, text="C2H4", fill='black') 

        can22.create_text(281,76, text="=", fill='black') 

        can22.create_text(305,76, text="%.2f " % b2) 

        can22.create_text(365,70, text="C2H2", fill='black') 

        can22.create_line(350,77, 382, 77, width=1, fill='black') 

        can22.create_text(365,85, text="CH4", fill='black') 

        can22.create_text(395,76, text="=", fill='black') 

        can22.create_text(420,76, text="%.2f " % c2) 

        can22.create_text(475,70, text="C2H6", fill='black') 

        can22.create_line(460,77, 490, 77, width=1, fill='black') 

        can22.create_text(475,85, text="C2H2", fill='black') 

        can22.create_text(505,76, text="=", fill='black') 

        can22.create_text(535,76, text="%.2f " % d2) 

        can22.create_text(600,70, text="C2H4", fill='black')  

        can22.create_line(585,77, 615, 77, width=1, fill='black') 

        can22.create_text(600,85, text="C2H6", fill='black') 

        can22.create_text(630,76, text="=", fill='black') 

        can22.create_text(660,76, text="%.2f " % e2)      

        if a > 100:                                                                      

            can22.create_text(275,185, text="%s " % ab) 

        else: 
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            can22.create_text(275, 185, text="%s " % aba)  

        if b > 350: 

            can22.create_text(400,185, text="%s " % ab) 

        else: 

            can22.create_text(400, 185, text="%s " % aba)  

        if c > 120: 

            can22.create_text(525,185, text="%s " % ab) 

        else: 

            can22.create_text(525, 185, text="%s " % aba)  

        if f > 35: 

            can22.create_text(650,185, text="%s " % ab) 

        else: 

            can22.create_text(650, 185, text="%s " % aba)  

        if e > 50: 

            can22.create_text(775,185, text="%s " % ab) 

        else: 

            can22.create_text(775, 185, text="%s " % aba)  

        if d > 65: 

            can22.create_text(900,185, text="%s " % ab) 

        else: 

            can22.create_text(900, 185, text="%s " % aba)  

        if a > 100 or b > 350 or c > 120 or d > 65 or e > 50 or f > 35:           

            can22.create_text(450,225, text="ONE OR MORE GASES ARE ABOVE 

   THE LIMIT L1   ==>>  THE TEST IS OF IMPORTANCE") 

            can22.create_line(50,250, 825, 250, width=1, fill='red') 

            can22.create_line(50,280, 825, 280, width=1, fill='red') 

            can22.create_line(50,310, 825, 310, width=1, fill='red') 

            can22.create_line(50,340, 825, 340, width=1, fill='red') 

            can22.create_line(50,370, 825, 370, width=1, fill='red') 

            can22.create_line(50,250, 50, 370, width=1, fill='red') 

            can22.create_line(200,250, 200, 370, width=1, fill='red') 

            can22.create_line(325,250, 325, 340, width=1, fill='red') 

            can22.create_line(450,250, 450, 340, width=1, fill='red') 

            can22.create_line(575,250, 575, 340, width=1, fill='red') 

            can22.create_line(700,250, 700, 340, width=1, fill='red') 

            can22.create_line(825,250, 825, 370, width=1, fill='red') 

            can22.create_text(125, 265, text="RATIO") 

            can22.create_text(250, 265, text="CH4/H2") 

            can22.create_text(375, 265, text="C2H2/C2H4") 

            can22.create_text(500, 265, text="C2H2/CH4") 

            can22.create_text(625, 265, text="C2H6/C2H2") 

            can22.create_text(125, 295, text="ABBREVIATION") 

            can22.create_text(250, 295, text="R1") 

            can22.create_text(375, 295, text="R2") 

            can22.create_text(500, 295, text="R3") 

            can22.create_text(625, 295, text="R4") 

            can22.create_text(125, 325, text="RATIO VALUES") 
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            can22.create_text(250, 325, text="%s " % a2) 

            can22.create_text(375, 325, text="%s " % b2) 

            can22.create_text(500, 325, text="%s " % c2) 

            can22.create_text(625, 325, text="%s " % d2) 

            can22.create_text(125, 355, text="FAULT:") 

            if a2 > 1.0 and b2 < 0.75 and c2 < 0.3 and d2 > 0.4:                 

                 can22.create_text(550, 355, text=" %s " % ab1) 

                 t=("%s " % ab1) 

            elif a2 < 0.1 and c2 < 0.3 and d2 > 0.4: 

                can22.create_text(550, 355, text=" %s " % ab2) 

                t=("%s " % ab2) 

            elif a2 > 0.1 and a2 < 1.0 and b2 > 0.75 and c2 > 0.3 and d2 < 0.4: 

                can22.create_text(550, 355, text=" %s " % ab3) 

                t=("%s " % ab3)     

            else: 

                can22.create_text(550, 355, text=" %s " % ab4)  

                t=("%s " % ab4)     

        else: 

            can22.create_text(520, 335, text="VALUES ARE WITHIN THE LIMITS  

  L1") 

            can22.create_text(520, 355, text="NO NEED OF TEST")  

            can22.create_text(250, 325, text="*"*3, fill='red') 

            can22.create_text(269, 325, text="*"*3, fill='white') 

            can22.create_text(295, 325, text="*"*5, fill='blue') 

            can22.create_text(320, 325, text="*"*3, fill='white') 

            can22.create_text(340, 325, text="*"*3, fill='red') 

            can22.create_text(710, 325, text="*"*3, fill='red') 

            can22.create_text(729, 325, text="*"*3, fill='white') 

            can22.create_text(753, 325, text="*"*5, fill='blue') 

            can22.create_text(778, 325, text="*"*3, fill='white') 

            can22.create_text(798, 325, text="*"*3, fill='red')  

        t=("%s " % ab4)     

        cursor.close() 

        db.close() 

        lo7.configure(state=DISABLED, background='silver')   

        with open('.\summary.txt', mode='a+') as fl:  

            lines_of_text = [" \n\n   DGA FOR POWER TRANSFORMERS\n", "    

  SCHOOL OF ELECTRICAL ENGINEERING\n", "   SURANAREE 

  UNIVERSITY OF TECHNOLOGY\n", "--"*20, "\n DIAGNOSIS  

  SUMMARY\n", "--"*20] 

            lines_of_text1 = ["\n    Method: DORNENBURG METHOD"] 

            lines_of_text2 = ["\n    Time: %s " % time.strftime('%c')] 

            lines_of_text3 = ["\n    Data ID: %d " % (kg)] 

            lines_of_text4 = ["\n    Data => H2:%s "%(hydrogen), "C0:%s   

  "%(carbon_monoxide), "C02:%s "%(carbon_dioxide), "N2:%s  

  "%(nitrogen), "CH4:%s "%(methane), "C2H6:%s "%(ethane),  

  "C2H4:%s "%(ethylene), "C2H2:%s "%(acetylene)] 
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           lines_of_text5 = ["\nkVA:%s "%(power), "kV:%s "%(voltage),   

  "Altitude:%s "%(altitude), "Temp:%s "%(oil_temperature),  

  "Humidity:%s "%(humidity), "Location:%s "%(m_location),  

  "Number:%s "%(m_number)] 

            lines_of_text6 = ["\n\n    Analysis:"] 

            lines_of_text7 = ["\n    RATIOS:-  ", " R1=CH4/H2=%.2f "%(a2), "  

  R2=C2H2/C2H4=%.2f "%(b2), " R3=C2H2/CH4=%.2f "%(c2), "  

  R4=C2H6/C2H2=%.2f "%(d2), " R5=C2H4/C2H6=%.2f "%(e2)] 

            lines_of_text8 = ["\n    Fault:", " %s "%t] 

            fl.writelines(lines_of_text)  

            fl.writelines(lines_of_text1) 

            fl.writelines(lines_of_text2) 

            fl.writelines(lines_of_text3) 

            fl.writelines(lines_of_text4) 

            fl.writelines(lines_of_text5) 

            fl.writelines(lines_of_text6)   

            fl.writelines(lines_of_text7) 

            fl.writelines(lines_of_text8) 

            fl.writelines(["\n\n END OF DIAGNOSIS SUMMARY\n", "--"*45]) 

            fl.close() 

        end_time = datetime.now() 

        can22.create_text(850, 85, text=('Computing time: {}'.format(end_time –  

start_time)) 

 

 

 

 

    Source codes for performing Roger’s ratio method.  

              This section shows the source codes used to implement Roger’s 

ratio method. They include getting data from user, retrieving DGA information from 

the database, diagnosing and saving the diagnostic results. 

 

 def rogersmethod():  

    oceann = StringVar() 

    def ferrk(): 

        start_time = datetime.now() 

        kgs=(oceann.get()) 

        kg=int(kgs) 

        q1=can23.create_text(800,25, text="Your input: %d " % kg) 

        sql=("SELECT*FROM new WHERE id='%d'" % (kg))     

        db=MySQLdb.connect("127.0.0.1", "root", "mysql125", "dissolved") 
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        cursor=db.cursor()  

        cursor.execute(sql)    

        results = cursor.fetchall() 

        fiel=cursor.description 

        for col in results: 

            id = col[0] 

            hydrogen = col[1] 

            carbon_monoxide = col[2] 

            carbon_dioxide = col[3] 

            nitrogen = col[4] 

            methane = col[5] 

            ethane = col[6] 

            ethylene = col[7] 

            acetylene = col[8] 

            power = col[9] 

            voltage = col[10] 

            oil_temperature = col[11] 

            altitude = col[12] 

            humidity = col[13] 

            m_location = col[14] 

            m_number = col[15] 

        can23.create_text(115,25, text="Your data for diagnosis", fill='blue') 

        can23.create_text(60,45, text="ID:%s "  % id)  

        can23.create_text(110,45, text="H2:%s " % hydrogen)    

        can23.create_text(165,45, text="CO:%s " % carbon_monoxide) 

        can23.create_text(225,45, text="CO2: %s " % carbon_dioxide) 

        can23.create_text(285,45, text="N2: %s " % nitrogen) 

        can23.create_text(350,45, text="CH4: %s " % methane) 

        can23.create_text(420,45, text="C2H6: %s " % ethane) 

        can23.create_text(495,45, text="C2H4: %s " % ethylene) 

        can23.create_text(575,45, text="C2H2: %s " % acetylene) 

        a=int(" %s " % hydrogen) 

        b=int(" %s " % carbon_monoxide) 

        c=int(" %s " % methane) 

        d=int(" %s " % ethane) 

        e=int(" %s " % ethylene) 

        f=int(" %s " % acetylene) 

        a1=(c/float(a)), b1=(d/float(c)), c1=(e/float(d)), d1=(f/float(e)) 

        a2=round(a1, 2), b2=round(b1, 2), c2=round(c1, 2), d2=round(d1, 2) 

       ba1 = " Normal deterioration ", ba2 = " Low Temperature Thermal Overloading " 

        ba3 = " Thermal Fault T < 700 C ", ba4 = " Thermal Fault T > 700 C " 

        ba5 = " Partial Discharge ", ba6 = " Arcing-High Energy " 

        ba7 = " No Prediction " 

        can23.create_text(650,44, text="(ppm)", fill='blue') 

        can23.create_text(83,75, text="Gas Ratios:", fill='blue') 

        can23.create_text(140,70, text="CH4", fill='black') 
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        can23.create_line(123,77, 156, 77, width=1, fill='black') 

        can23.create_text(140,85, text="H2", fill='black') 

        can23.create_text(167,76, text="=", fill='black') 

        can23.create_text(190,76, text="%.2f " % a2)    

        can23.create_text(255,70, text="C2H6", fill='black') 

        can23.create_line(240,77, 272, 77, width=1, fill='black') 

        can23.create_text(259,85, text="CH4", fill='black') 

        can23.create_text(281,76, text="=", fill='black') 

        can23.create_text(305,76, text="%.2f " % b2) 

        can23.create_text(365,70, text="C2H4", fill='black') 

        can23.create_line(350,77, 382, 77, width=1, fill='black') 

        can23.create_text(365,85, text="C2H6", fill='black') 

        can23.create_text(395,76, text="=", fill='black') 

        can23.create_text(420,76, text="%.2f " % c2) 

        can23.create_text(470,70, text="C2H2", fill='black') 

        can23.create_line(455,77, 485, 77, width=1, fill='black') 

        can23.create_text(470,85, text="C2H4", fill='black') 

        can23.create_text(495,76, text="=", fill='black') 

        can23.create_text(520,76, text="%.2f " % d2)  

        if a2 <= 0.1: 

            can23.create_text(440, 265, text="%.2f " % a2) 

            can23.create_text(670, 265, text=" 5 ") 

            can23.create_text(280, 475, text=" 5 ") 

        if a2 > 0.1 and a2 < 1.0: 

            can23.create_text(440, 265, text="%.2f " % a2) 

            can23.create_text(670, 265, text=" 0 ")  

            can23.create_text(280, 475, text=" 0 ") 

        if a2 >= 1.0 and a2 < 3.0: 

            can23.create_text(440, 265, text="%.2f " % a2) 

            can23.create_text(670, 265, text=" 1 ") 

            can23.create_text(280, 475, text=" 1 ") 

        if a2 >= 3.0: 

            can23.create_text(440, 265, text="%.2f " % a2) 

            can23.create_text(670, 265, text=" 2 ") 

            can23.create_text(280, 475, text=" 2 ")  

        if c2 < 1.0: 

            can23.create_text(440, 337, text="%.2f " % c2) 

            can23.create_text(670, 337, text=" 0 ") 

            can23.create_text(430, 475, text=" 0 ") 

        if c2 > 1.0 and c2 < 3.0: 

            can23.create_text(440, 337, text="%.2f " % c2) 

            can23.create_text(670, 337, text=" 1 ") 

            can23.create_text(430, 475, text=" 1 ") 

        if c2 > 3.0: 

            can23.create_text(440, 337, text="%.2f " % c2) 

            can23.create_text(670, 337, text=" 2 ") 

            can23.create_text(430, 475, text=" 2 ") 
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         if d2 < 0.5: 

            can23.create_text(440, 180, text="%.2f " % d2) 

            can23.create_text(670, 180, text=" 0 ") 

            can23.create_text(130, 475, text=" 0 ") 

        if d2 > 0.5 and d2 < 3.0: 

            can23.create_text(440, 180, text="%.2f " % d2) 

            can23.create_text(670, 180, text=" 1 ") 

            can23.create_text(130, 475, text=" 1 ") 

        if d2 > 3.0: 

            can23.create_text(440, 180, text="%.2f " % d2) 

            can23.create_text(670, 180, text=" 2 ") 

            can23.create_text(130, 475, text=" 2 ")  

        if d2 < 0.1 and a2 > 0.1 and a2 < 1.0 and c2 < 1.0:                           

            can23.create_text(800, 475, text="%s " % ba1) 

            t=("%s " % ba1)  

        elif d2 < 0.1 and a2 > 0.1 and a2 < 1.0 and c2 > 1.0 and c2 < 3.0: 

            can23.create_text(800, 475, text="%s " % ba2) 

            t=("%s " % ba2) 

        elif d2 < 0.1 and a2 > 1.0 and c2 > 1.0 and c2 < 3.0: 

            can23.create_text(800, 475, text="%s " % ba3) 

            t=("%s " % ba3) 

        elif d2 < 0.1 and a2 > 1.0 and c2 > 3.0: 

            can23.create_text(800, 475, text="%s " % ba4) 

            t=("%s " % ba4) 

        elif d2 < 0.1 and a2 < 0.1 and c2 < 1.0: 

            can23.create_text(800, 475, text="%s " % ba5) 

            t=("%s " % ba5) 

        elif d2 > 0.1 and d2 < 3.0 and a2 > 0.1 and a2 < 1.0 and c2 > 3.0: 

            can23.create_text(800, 475, text="%s " % ba6) 

            t=("%s " % ba6) 

        else: 

            can23.create_text(800, 475, text="%s " % ba7)   

            t=("%s " % ba7)     

        cursor.close() 

        db.close() 

        lo5.configure(state=DISABLED, background='silver')  

        with open('.\summary.txt', mode='a+') as fl: 

               lines_of_text = ["  \n\n   DGA FOR POWER TRANSFORMERS\n", "    

   SCHOOL OF ELECTRICAL ENGINEERING\n", "    

   SURANAREE UNIVERSITY OF TECHNOLOGY\n", "-- 

   "*20, "\n DIAGNOSIS SUMMARY\n", "--"*20] 

            lines_of_text1 = ["\n    Method: ROGERS METHOD"] 

            lines_of_text2 = ["\n    Time: %s " % time.strftime('%c')] 

            lines_of_text3 = ["\n    Data ID: %d " % (kg)] 

            lines_of_text4 = ["\n    Data => H2:%s "%(hydrogen), "C0:%s   

  "%(carbon_monoxide), "C02:%s "%(carbon_dioxide), "N2:%s  
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"%(nitrogen), "CH4:%s "%(methane), "C2H6:%s "%(ethane),  

  "C2H4:%s "%(ethylene), "C2H2:%s "%(acetylene)] 

            lines_of_text5 = ["\n            kVA:%s "%(power), "kV:%s "%(voltage), 

 "Altitude:%s "%(altitude), "Temp:%s "%(oil_temperature), "Humidity:%s 

 "%(humidity), "Location:%s "%(m_location), "Number:%s "%(m_number)] 

            lines_of_text6 = ["\n\n    Analysis:"] 

            lines_of_text7 = ["\n    RATIOS:-  ", " R1=CH4/H2=%.2f "%(a2), "  

  R4=C2H6/CH4=%.2f "%(b2), " R5=C2H4/C2H6=%.2f "%(c2), "  

  R2=C2H2/C2H4=%.2f "%(d2)] 

            lines_of_text8 = ["\n    Fault:", " %s "%t] 

            fl.writelines(lines_of_text)  

            fl.writelines(lines_of_text1) 

            fl.writelines(lines_of_text2) 

            fl.writelines(lines_of_text3) 

            fl.writelines(lines_of_text4) 

            fl.writelines(lines_of_text5) 

            fl.writelines(lines_of_text6)   

            fl.writelines(lines_of_text7) 

            fl.writelines(lines_of_text8) 

            fl.writelines(["\n\n END OF DIAGNOSIS SUMMARY\n", "--"*45]) 

            fl.close() 

            end_time = datetime.now() 

 

 

 

 

    Source codes for performing IEC ratio method.  

               This section shows the source codes used to implement IEC ratio 

method. They include getting data from user, retrieving DGA information from the 

database, diagnosing and saving the diagnostic results. 

 

def iecmethod(): 

        oceann = StringVar() 

    def ferrmi(): 

        start_time = datetime.now() 

        kgs=(oceann.get()) 

        kg=int(kgs) 

        q1=can24.create_text(800,25, text="Your input: %d " % kg)  

        sql=("SELECT*FROM new WHERE id='%d'" % (kg))     

        db=MySQLdb.connect("127.0.0.1", "root", "mysql125", "dissolved") 

        cursor=db.cursor()  

        cursor.execute(sql)    
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        results = cursor.fetchall() 

        fiel=cursor.description 

        for col in results: 

            id = col[0] 

            hydrogen = col[1] 

            carbon_monoxide = col[2] 

            carbon_dioxide = col[3] 

            nitrogen = col[4] 

            methane = col[5] 

            ethane = col[6] 

            ethylene = col[7] 

            acetylene = col[8] 

            power = col[9] 

            voltage = col[10] 

            oil_temperature = col[11] 

            altitude = col[12] 

            humidity = col[13] 

            m_location = col[14] 

            m_number = col[15] 

        can24.create_text(115,25, text="Your data for diagnosis", fill='blue') 

        can24.create_text(60,45, text="ID:%s "  % id)  

        can24.create_text(110,45, text="H2:%s " % hydrogen)    

        can24.create_text(165,45, text="CO:%s " % carbon_monoxide) 

        can24.create_text(225,45, text="CO2: %s " % carbon_dioxide) 

        can24.create_text(285,45, text="N2: %s " % nitrogen) 

        can24.create_text(350,45, text="CH4: %s " % methane) 

        can24.create_text(420,45, text="C2H6: %s " % ethane) 

        can24.create_text(495,45, text="C2H4: %s " % ethylene) 

        can24.create_text(575,45, text="C2H2: %s " % acetylene) 

        a=int(" %s " % hydrogen) 

        c=int(" %s " % methane) 

        d=int(" %s " % ethane) 

        e=int(" %s " % ethylene) 

        f=int(" %s " % acetylene) 

        a1=(c/float(a)),  c1=(e/float(d)), d1=(f/float(e)) 

        a2=round(a1, 2), c2=round(c1, 2), d2=round(d1, 2) 

        baa = " Normal aging (No fault)" 

        baa1 = " Partial discharge of low energy density " 

        baa2 = " Partial discharge of high energy density " 

        baa3 = " Discharge of low energy " 

        baa4 = " Discharge of high energy " 

        baa5 = " Thermal fault of low temperature < 150 C " 

        baa6 = " Thermal fault of low temperature range 150 - 300 C " 

        baa7 = " Thermal fault of medium temperature range 300 - 700 C " 

        baa8 = " Thermal fault of high temperature > 700 C " 

        baa9 = " No prediction " 

        can24.create_text(650,44, text="(ppm)", fill='blue') 
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        can24.create_text(83,75, text="Gas Ratios:", fill='blue') 

        can24.create_text(140,70, text="CH4", fill='black') 

        can24.create_line(123,77, 156, 77, width=1, fill='black') 

        can24.create_text(140,85, text="H2", fill='black') 

        can24.create_text(167,76, text="=", fill='black') 

        can24.create_text(190,76, text="%.2f " % a2)    

        can24.create_text(255,70, text="C2H4", fill='black') 

        can24.create_line(240,77, 272, 77, width=1, fill='black') 

        can24.create_text(259,85, text="C2H6", fill='black') 

        can24.create_text(281,76, text="=", fill='black') 

        can24.create_text(305,76, text="%.2f " % c2) 

        can24.create_text(365,70, text="C2H2", fill='black') 

        can24.create_line(350,77, 382, 77, width=1, fill='black') 

        can24.create_text(365,85, text="C2H4", fill='black') 

        can24.create_text(395,76, text="=", fill='black') 

        can24.create_text(420,76, text="%.2f " % d2) 

        if d2 < 0.1: 

            can24.create_text(850, 180, text=" 0 ") 

            can24.create_text(250, 475, text=" 0 ") 

        if d2 > 0.1 and d2 < 1.0: 

            can24.create_text(850, 180, text=" 1 ") 

            can24.create_text(250, 475, text=" 1 ") 

        if d2 >= 1.0 and d2 < 3.0: 

            can24.create_text(850, 180, text=" 1 ") 

            can24.create_text(250, 475, text=" 1 ") 

        if d2 > 3.0: 

            can24.create_text(850, 180, text=" 2 ") 

            can24.create_text(250, 475, text=" 2 ") 

        if a2 < 0.1: 

            can24.create_text(850, 260, text=" 1 ") 

            can24.create_text(350, 475, text=" 1 ") 

        if a2 > 0.1 and a2 < 1.0: 

            can24.create_text(850, 260, text=" 0 ") 

            can24.create_text(350, 475, text=" 0 ") 

        if a2 >= 1.0 and a2 < 3.0: 

            can24.create_text(850, 260, text=" 2 ") 

            can24.create_text(350, 475, text=" 2 ") 

        if a2 > 3.0: 

            can24.create_text(850, 260, text=" 2") 

            can24.create_text(350, 475, text=" 2 ") 

        if c2 < 0.1: 

            can24.create_text(850, 342, text=" 0 ") 

            can24.create_text(450, 475, text=" 0 ") 

        if c2 > 0.1 and c2 < 1.0: 

            can24.create_text(850, 342, text=" 0 ") 

            can24.create_text(450, 475, text=" 0 ") 

        if c2 >= 1.0 and c2 < 3.0: 
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            can24.create_text(850, 342, text=" 1 ") 

            can24.create_text(450, 475, text=" 1 ") 

        if c2 > 3.0: 

            can24.create_text(850, 342, text=" 2 ") 

            can24.create_text(450, 475, text=" 2 ")  

        if d2 <= 0.1 and a2 >= 0.1 and a2 <= 1.0 and c2 <= 0.1:  

            can24.create_text(770, 475, text="%s " % baa) 

            t=("%s " % baa) 

        elif d2 >= 0 and a2 <= 0.1 and c2 <= 1.0: 

            can24.create_text(770, 475, text="%s " % baa1) 

            t=("%s " % baa1) 

        elif d2 >= 0.1 and d2 <= 3.0 and a2 <= 0.1 and c2 <= 1.0: 

    can24.create_text(770, 475, text="%s " % baa2) 

            t=("%s " % baa2) 

       elif d2 >= 0.1 and d2 <= 3.0 and a2 >= 0.1 and a2 <= 1.0 and c2 >= 1.0 and  

       c2 < = 3.0: 

            can24.create_text(770, 475, text="%s " % baa3) 

            t=("%s " % baa3) 

        elif d2 >= 0.1 and d2 <= 3.0 and a2 >= 0.1 and a2 <= 1.0 and c2 >= 3.0: 

            can24.create_text(770, 475, text="%s " % baa3) 

            t=("%s " % baa3) 

        elif d2 >= 3.0 and a2 >= 0.1 and a2 <= 1.0 and c2 >= 1.0 and c2 <= 3.0: 

            can24.create_text(770, 475, text="%s " % baa3) 

            t=("%s " % baa3) 

        elif d2 >= 3.0 and a2 >= 0.1 and a2 <= 1.0 and c2 >= 3.0: 

            can24.create_text(770, 475, text="%s " % baa3) 

            t=("%s " % baa3) 

        elif d2 >= 0.1 and d2 <= 3.0 and a2 >= 0.1 and a2 <= 1.0 and c2 >= 3.0: 

            can24.create_text(770, 475, text="%s " % baa4) 

            t=("%s " % baa4) 

        elif d2 <= 0.1 and a2 >= 0.1 and a2 <= 1.0 and c2 >= 1.0 and c2 <= 3.0: 

            can24.create_text(770, 475, text="%s " % baa5) 

            t=("%s " % baa5) 

        elif d2 <= 0.1 and a2 >= 3.0 and c2 <= 1.0: 

            can24.create_text(770, 475, text="%s " % baa6) 

            t=("%s " % baa6) 

        elif d2 <= 0.1 and a2 >= 3.0 and c2 >= 1.0 and c2 <= 3.0: 

            can24.create_text(770, 475, text="%s " % baa7) 

            t=("%s " % baa7) 

        elif d2 <= 0.1 and a2 >= 3.0 and c2 >= 3.0: 

            can24.create_text(770, 475, text="%s " % baa8) 

            t=("%s " % baa8) 

        else: 

            can24.create_text(770, 475, text="%s " % baa9)  

            t=("%s " % baa9)    

        cursor.close() 

        db.close() 
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        lo3.configure(state=DISABLED, background='silver') 

        with open('.\summary.txt', mode='a+') as fl: 

            lines_of_text = ["     \n\n   DGA FOR POWER TRANSFORMERS\n", "    

  SCHOOL OF ELECTRICAL ENGINEERING\n", "   SURANAREE 

  UNIVERSITY OF TECHNOLOGY\n", "--"*20, "\n  DIAGNOSIS 

  SUMMARY\n", "--"*20] 

            lines_of_text1 = ["\n    Method: IEC METHOD"] 

            lines_of_text2 = ["\n    Time: %s " % time.strftime('%c')] 

            lines_of_text3 = ["\n    Data ID: %d " % (kg)] 

            lines_of_text4 = ["\n    Data => H2:%s "%(hydrogen), "C0:%s   

  "%(carbon_monoxide), "C02:%s "%(carbon_dioxide), "N2:%s  

  "%(nitrogen), "CH4:%s "%(methane), "C2H6:%s "%(ethane),  

  "C2H4:%s "%(ethylene), "C2H2:%s "%(acetylene)] 

            lines_of_text5 = ["\n            kVA:%s "%(power), "kV:%s "%(voltage),  

  "Altitude:%s "%(altitude), "Temp:%s "%(oil_temperature),  

  "Humidity:%s "%(humidity), "Location:%s "%(m_location),  

  "Number:%s "%(m_number)] 

            lines_of_text6 = ["\n\n    Analysis:"] 

            lines_of_text7 = ["\n    RATIOS:-  ", " R2=C2H2/C2H4=%.2f "%(d2), "  

  R1=CH4/H2=%.2f "%(a2), " R5=C2H4/C2H6=%.2f "%(c2)] 

            lines_of_text8 = ["\n    Fault:", " %s"%t] 

            fl.writelines(lines_of_text)  

            fl.writelines(lines_of_text1) 

            fl.writelines(lines_of_text2) 

            fl.writelines(lines_of_text3) 

            fl.writelines(lines_of_text4) 

            fl.writelines(lines_of_text5) 

            fl.writelines(lines_of_text6)   

            fl.writelines(lines_of_text7) 

            fl.writelines(lines_of_text8) 

            fl.writelines(["\n\n END OF DIAGNOSIS SUMMARY\n", "--"*45]) 

            fl.close() 

        end_time = datetime.now() 

        can24.create_text(850,85, text=('Computing time: {}'.format(end_time –  

start_time))) 
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    Source codes for performing Duval triangle method.  

               This section shows the source codes used to implement Duval 

triangle method. They include getting data from user, retrieving DGA information 

from the database, diagnosing and saving the diagnostic results. 

 

 def duvaltriangle(): 

    start_time = datetime.now() 

    oceann=StringVar() 

    def fermmd(): 

        start_time = datetime.now() 

        kgs=(oceann.get()) 

        kg=int(kgs) 

        q1=can25.create_text(800,25, text="Your input: %d " % kg) 

        sql=("SELECT*FROM new WHERE id='%d'" % (kg))     

        db=MySQLdb.connect("127.0.0.1", "root", "mysql125", "dissolved") 

        cursor=db.cursor()  

        cursor.execute(sql)    

        results = cursor.fetchall() 

        fiel=cursor.description 

        for col in results: 

            id = col[0] 

            hydrogen = col[1] 

            carbon_monoxide = col[2] 

            carbon_dioxide = col[3] 

            nitrogen = col[4] 

            methane = col[5] 

            ethane = col[6] 

            ethylene = col[7] 

            acetylene = col[8] 

            power = col[9] 

            voltage = col[10] 

            oil_temperature = col[11] 

            altitude = col[12] 

            humidity = col[13] 

            m_location = col[14] 

            m_number = col[15] 

        can25.create_text(115,25, text="Your data for diagnosis", fill='blue') 

        can25.create_text(650,44, text="(ppm)", fill='blue') 

        can25.create_text(60,45, text="ID:%s "  % id)  

        can25.create_text(110,45, text="H2:%s " % hydrogen)    

        can25.create_text(165,45, text="CO:%s " % carbon_monoxide) 

        can25.create_text(225,45, text="CO2: %s " % carbon_dioxide) 
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        can25.create_text(285,45, text="N2: %s " % nitrogen) 

        can25.create_text(350,45, text="CH4: %s " % methane) 

        can25.create_text(420,45, text="C2H6: %s " % ethane) 

        can25.create_text(495,45, text="C2H4: %s " % ethylene) 

        can25.create_text(575,45, text="C2H2: %s " % acetylene) 

        a=int(" %s " % hydrogen), b=int(" %s " % carbon_monoxide) 

       c=int(" %s " % methane), d=int(" %s " % ethane),e=int(" %s " % ethylene) 

        f=int(" %s " % acetylene) 

        g1=c+e+f 

        pc=(c*100)/float(g1), pe=(e*100)/float(g1), pf=(f*100)/float(g1) 

        pc2 = round(pc, 2), pe2 = round(pe, 2), pf2 = round(pf, 2) 

        can25.create_text(140,70, text="[CH4 + C2H4 + C2H2] = %d " % g1)                      

        can25.create_text(280,70, text="CH4: %.2f " % pc2)                               

        can25.create_text(320,70, text="%") 

        can25.create_text(380,70, text="C2H4: %.2f " % pe2)                              

        can25.create_text(425,70, text="%")  

        can25.create_text(480,70, text="C2H2: %.2f " % pf2)                              

        can25.create_text(525,70, text="%")  

        pc3 = (pc2 * 2.5), pc32= round(pc3, 0), pc31= (pc2 * 5 * 0.866)                                          

        pc33= round(pc31, 0), pe3 = (pe2 * 2.5), pe31= round(pe3, 0) 

        pe32= (pe2 * 5 * 0.866),  pe33= round(pe32, 0), pf3 = (pf2 * 5)                                                           

        pf31 = round(pf3, 0),  pf32 = (500 - pf31)/2 

        pf33 = round(pf32, 0), pf34 = (1.732 * pf32), pf35 = round(pf34, 0) 

        m1 = (550-pc33-(550-pc33))/(620-pc32-(120+pc32))                                              

        m2 = (550-(112+pe33))/((120+2*pe31)-(368+pe31))                                               

        m3 = ((550-pf35)-550)/((620-pf31-pf33)-(620-pf31))                                            

        xp = ((112+pe33)-(550 - pc33) + (m1*(120+pc32))-(m2*(368+pe31)))/(m1-m2)                      

        yp = (m1*(xp-(120+pc32)) + (550 - pc33))   

        can25.create_line((120+pc32),(550 - pc33), xp, yp, width=2, fill='black')                 

        can25.create_line((368+pe31),(112+pe33), xp, yp, width=2, fill='black') 

        can25.create_line((620-pf31),(550), xp, yp, width=2, fill='black', dash=(8, 8))                            

        can25.create_oval((xp-5),(yp-5), (xp+5), (yp+5), fill='blue')                       

        d = round(math.sqrt((235-120)**2 + (550-550)**2), 0)                          

        e = round(math.sqrt((xp-(120+pc32))**2 + (yp-(550 - pc33))**2), 0)                           

        f = round(math.sqrt((475-120)**2 + (550-550)**2), 0)                 

        g = round(math.sqrt((375-365)**2 + (126-126)**2), 0)                        

        if (e <= d and yp >= 173 and yp >= 225 and yp >= 277 and yp <= 550):                          

            t="D1" 

            tr="DISCHARGE OF LOW ENERGY" 

            can25.create_text(900,275, text="Fault !!!")                        

            asa=can25.create_line(650,225, 950, 225, width=50, fill='lightgreen')                       

            ad=can25.create_line(650,275, 950, 275, width=50, fill='red') 

            ac=can25.create_line(650,325, 950, 325, width=50, fill='lightgreen') 

            ae=can25.create_line(650,375, 950, 375, width=50, fill='lightgreen') 

            af=can25.create_line(650,425, 950, 425, width=50, fill='lightgreen')  

            ag=can25.create_line(650,475, 950, 475, width=50, fill='lightgreen') 

            ah=can25.create_line(650,525, 950, 525, width=50, fill='lightgreen') 
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            can25.tag_lower(asa), can25.tag_lower(ad), can25.tag_lower(ac)                              

            can25.tag_lower(ae), can25.tag_lower(af), can25.tag_lower(ag) 

          can25.tag_lower(ah) 

        elif (xp >= d and xp <= f and yp >=277  and yp <=550):                       

            t="D2" 

            tr="DISCHARGE OF HIGH ENERGY" 

            can25.create_text(900,325, text="Fault !!!")                       

            asa=can25.create_line(650,225, 950, 225, width=50, fill='lightgreen')                       

            ad=can25.create_line(650,275, 950, 275, width=50, fill='lightgreen') 

            ac=can25.create_line(650,325, 950, 325, width=50, fill='red') 

            ae=can25.create_line(650,375, 950, 375, width=50, fill='lightgreen') 

            af=can25.create_line(650,425, 950, 425, width=50, fill='lightgreen')  

            ag=can25.create_line(650,475, 950, 475, width=50, fill='lightgreen') 

            ah=can25.create_line(650,525, 950, 525, width=50, fill='lightgreen') 

            can25.tag_lower(asa), can25.tag_lower(ad), can25.tag_lower(ac)                              

            can25.tag_lower(ae), can25.tag_lower(af), can25.tag_lower(ag) 

            can25.tag_lower(ah) 

        elif (xp <= g and yp <= 126):                                                 

            t="PD" 

            tr="PARTIAL DISCHARGE" 

            can25.create_text(900,225, text="Fault !!!")                                      

            asa=can25.create_line(650,225, 950, 225, width=50, fill='red')                       

            ad=can25.create_line(650,275, 950, 275, width=50, fill='lightgreen') 

            ac=can25.create_line(650,325, 950, 325, width=50, fill='lightgreen') 

            ae=can25.create_line(650,375, 950, 375, width=50, fill='lightgreen') 

            af=can25.create_line(650,425, 950, 425, width=50, fill='lightgreen')  

            ag=can25.create_line(650,475, 950, 475, width=50, fill='lightgreen') 

            ah=can25.create_line(650,525, 950, 525, width=50, fill='lightgreen') 

            can25.tag_lower(asa), can25.tag_lower(ad), can25.tag_lower(ac)                              

            can25.tag_lower(ae), can25.tag_lower(af), can25.tag_lower(ag) 

            can25.tag_lower(ah) 

        elif (xp >= 360 and xp <= 420 and yp <= 410 and yp >= 126):                                   

            t="T1" 

            tr="THERMAL FAULT T<300 C" 

            can25.create_text(900,425, text="Fault !!!")                       

            asa=can25.create_line(650,225, 950, 225, width=50, fill='lightgreen')                       

            ad=can25.create_line(650,275, 950, 275, width=50, fill='lightgreen') 

            ac=can25.create_line(650,325, 950, 325, width=50, fill='lightgreen') 

            ae=can25.create_line(650,375, 950, 375, width=50, fill='lightgreen') 

            af=can25.create_line(650,425, 950, 425, width=50, fill='red')  

            ag=can25.create_line(650,475, 950, 475, width=50, fill='lightgreen') 

            ah=can25.create_line(650,525, 950, 525, width=50, fill='lightgreen') 

            can25.tag_lower(asa), can25.tag_lower(ad), can25.tag_lower(ac)                              

            can25.tag_lower(ae), can25.tag_lower(af), can25.tag_lower(ag) 

            can25.tag_lower(ah) 

        elif (xp >= 420 and xp <= 495 and yp <= 353 and yp >= 204):                                   

            t="T2" 
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            tr="THERMAL FAULT 300<T<700 C" 

            can25.create_text(900,475, text="Fault !!!")        

            asa=can25.create_line(650,225, 950, 225, width=50, fill='lightgreen')                       

            ad=can25.create_line(650,275, 950, 275, width=50, fill='lightgreen') 

            ac=can25.create_line(650,325, 950, 325, width=50, fill='lightgreen') 

            ae=can25.create_line(650,375, 950, 375, width=50, fill='lightgreen') 

            af=can25.create_line(650,425, 950, 425, width=50, fill='lightgreen')  

            ag=can25.create_line(650,475, 950, 475, width=50, fill='red') 

            ah=can25.create_line(650,525, 950, 525, width=50, fill='lightgreen') 

            can25.tag_lower(asa), can25.tag_lower(ad), can25.tag_lower(ac)                              

            can25.tag_lower(ae), can25.tag_lower(af), can25.tag_lower(ag) 

          can25.tag_lower(ah) 

        elif (xp >= 462 and xp <= 620 and yp <= 550 and yp >= 334):                                   

            t="T3" 

            tr="THERMAL FAULT T>700 C" 

            can25.create_text(900,525, text="Fault !!!")                                   

            asa=can25.create_line(650,225, 950, 225, width=50, fill='lightgreen')                       

            ad=can25.create_line(650,275, 950, 275, width=50, fill='lightgreen') 

            ac=can25.create_line(650,325, 950, 325, width=50, fill='lightgreen') 

            ae=can25.create_line(650,375, 950, 375, width=50, fill='lightgreen') 

            af=can25.create_line(650,425, 950, 425, width=50, fill='lightgreen')  

            ag=can25.create_line(650,475, 950, 475, width=50, fill='lightgreen') 

            ah=can25.create_line(650,525, 950, 525, width=50, fill='red') 

            can25.tag_lower(asa), can25.tag_lower(ad), can25.tag_lower(ac)                              

            can25.tag_lower(ae), can25.tag_lower(af), can25.tag_lower(ag) 

            can25.tag_lower(ah)             

        else: 

            can25.create_text(900,375, text="Fault !!!")                             

            t="DT" 

            tr="MIXED FAULT" 

            asa=can25.create_line(650,225, 950, 225, width=50, fill='lightgreen')                       

            ad=can25.create_line(650,275, 950, 275, width=50, fill='lightgreen') 

            ac=can25.create_line(650,325, 950, 325, width=50, fill='lightgreen') 

            ae=can25.create_line(650,375, 950, 375, width=50, fill='red') 

            af=can25.create_line(650,425, 950, 425, width=50, fill='lightgreen')  

            ag=can25.create_line(650,475, 950, 475, width=50, fill='lightgreen') 

            ah=can25.create_line(650,525, 950, 525, width=50, fill='lightgreen') 

            can25.tag_lower(asa), can25.tag_lower(ad), can25.tag_lower(ac)                              

            can25.tag_lower(ae), can25.tag_lower(af), can25.tag_lower(ag) 

            can25.tag_lower(ah) 

        with open('.\summary.txt', mode='a+') as fl: 

            lines_of_text = ["     \n\n   DGA FOR POWER TRANSFORMERS\n", "    

  SCHOOL OF ELECTRICAL ENGINEERING\n", "   SURANAREE 

  UNIVERSITY OF TECHNOLOGY\n", "--"*20, "\n DIAGNOSIS  

  SUMMARY\n", "--"*20] 

            lines_of_text1 = ["\n    Method: DUVAL TRIANGLE"] 

            lines_of_text2 = ["\n    Time: %s " % time.strftime('%c')] 
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            lines_of_text3 = ["\n    Data ID: %d " % (kg)] 

            lines_of_text4 = ["\n    Data => H2:%s "%(hydrogen), "C0:%s   

  "%(carbon_monoxide), "C02:%s "%(carbon_dioxide), "N2:%s  

  "%(nitrogen), "CH4:%s "%(methane), "C2H6:%s "%(ethane),  

  "C2H4:%s "%(ethylene), "C2H2:%s "%(acetylene)] 

            lines_of_text5 = ["\n kVA:%s "%(power), "kV:%s "%(voltage), "Altitude:%s 

   "%(altitude), "Temp:%s "%(oil_temperature), "Humidity:%s 

   "%(humidity), "Location:%s "%(m_location), "Number:%s 

   "%(m_number)] 

            lines_of_text6 = ["\n\n    Analysis:"] 

            lines_of_text7 = ["\n    [CH4 + C2H4 + C2H2] =%d" %(g1), " CH4(percent) 

   =%.2f "%(pc2), " C2H4(percent) =%.2f "%(pe2), "   

   C2H2(percent) =%.2f "%(pf2)] 

            lines_of_text8 = ["\n    Fault:", "  %s "%t] 

            lines_of_text9 = ["\n    Interpretation:", "  %s "%(tr)] 

            fl.writelines(lines_of_text)  

            fl.writelines(lines_of_text1) 

            fl.writelines(lines_of_text2) 

            fl.writelines(lines_of_text3) 

            fl.writelines(lines_of_text4) 

            fl.writelines(lines_of_text5) 

            fl.writelines(lines_of_text6)   

            fl.writelines(lines_of_text7) 

            fl.writelines(lines_of_text8) 

            fl.writelines(lines_of_text9) 

            fl.writelines(["\n\n END OF DIAGNOSIS SUMMARY\n", "--"*45]) 

            fl.close() 

        end_time = datetime.now() 

        can25.create_text(850, 85,  

text=('Computing time: {}'.format(end_time -start_time)))       

        cursor.close() 

        db.close() 
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                 ESTABLISHMENT OF REMAINED LIFE MODEL 

           This section shows the results of breakdown strength test done from 

twenty-eight samples of mineral insulating oil available in Suranaree University of 

Technology, Nakhon Ratchasima, Thailand.  

 

C.1 Analysis of breakdown strength  

Valid test results of breakdown strength with the percentage of range to mean 

less than or equal to 92 % and standard deviation less than 4% are given in Table C1. 

Obtained values of breakdown strength were seen to range between 20 kV to 60 kV. 

Mean values of valid test results were plotted against individual dissolved gas (see 

section 6.1) for investigating the existing relationship between them. 

 

Table C.1 Results of breakdown strength test  

 

No Test results R X  %
R

X
 σ 

1 32.4 32.4 30.8 29.1 27.5 27.2  5.20 29.90 17.39 2.32 

2 28.1 37.4 35.3 31.4 25.4 24.5  12.9 30.35 42.50 5.27 

3 30.1 37.4 40.2 38.1 36.3 36.2  8.10 36.72 22.06 2.69 

4 41.4 37.8 37.3 32.6 30.7 33.0  6.10 35.47 17.20 4.03 

5 30.6 33.2 31.8 31.3 29.1 27.1  6.10 30.52 19.99 2.15 

6 25.8 20.8 22.6 22.4 21.9 18.5  7.30 22.00 33.18 2.39 

7 24.1 24.6 23.7 19.3 17.7 15.0  9.60 20.73 46.30 3.98 

8 46.4 45.1 34.0 28.0 26.9 24.8  21.6 34.20 63.16 9.46 

9 48.5 44.7 40.4 41.7 40.1 39.7  8.80 42.52 20.70 3.45 

10 31.7 31.4 31.3 28.8 28.5 28.2  8.70 33.32 26.11 3.25 

11 31.8 31.0 29.3 31.2 34.2 28.9  5.30 31.07 17.06 1.91 

12 40.6 55.5 56.5 54.5 57.0 57.5  5.50 56.83 9.68 1.89 

13 56.2 51.5 60.7 57.9 60 57.5  9.20 57.30 16.06 3.29 

14 37.7 40.9 33.9 39.7 43.2 38.4  9.30 38.97 23.87 3.16 

15 42.8 48.2 42.4 47.8 41.9 32.9  15.3 42.67 35.86 5.53 
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Table C.1 Results of breakdown strength test (Continued) 

 

16 33.1 32.0 34.6 31.9 33.9 31.0  3.60 32.75 10.99 1.36 

17 45.7 49.2 49.8 47.4 47.2 53.4  7.70 48.78 15.78 2.70 

18 43.8 42.0 44.0 43.4 43.0 51.7  9.70 44.65 21.72 3.53 

19 36.3 30.9 30.6 29.3 28.0 28.0  8.30 30.52 27.20 3.09 

20 34.0 29.3 28.7 26.0 25.0 32.0  9.00 29.17 30.86 3.44 

21 60.0 57.0 56.4 46.7 54.5 60.0  13.3 55.77 23.85 4.93 

22 35.4 29.6 34.2 32.1 39.2 27.9  11.3 33.07 34.17 4.10 

23 28.4 32.7 27.3 28.8 27.4 27.0  5.70 28.60 19.93 2.13 

24 53.4 53.0 59.0 60.0 58.5 60.0  7.00 57.32 12.21 3.24 

25 43.3 42.5 43.9 45.8 41.2 38.1  7.70 42.47 18.13 2.63 

26 27.4 28.8 24.1 24.9 24.5 21.6  7.20 25.22 28.55 2.55 

27 45.0 40.1 45.2 47.0 42.0 38.1  8.90 42.90 20.75 3.41 

28 39.0 37.2 37.3 38.9 45.5 34.8  10.7 38.78 27.59 3.63 

 

 
C.2 Relationship between DGA and Breakdown strength 

 Figure C.1 shows the relationship between individual dissolved gasses and 

mean values of breakdown strength of tested samples. From Figure C.1 it was 

observed that with zero ppm of H2, CH4, C2H6, C2H4, and C2H2 both lower and higher 

values of breakdown strength were observed. Similar values of breakdown strength 

were also obtained in high levels of these gasses.  
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Figure C.1 Relationship between dissolved gasses and breakdown strength 
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Figure C.1 Relationship between dissolved gasses and breakdown strength 

(Continued) 

 
 

 

For CO and CO2, the lower and higher values showed no clear relationships with the 

increase or decrease of dissolved gasses. This was quite complicated when 

interpreting the quality of insulating with dissolved gasses.  

 

C.3 Estimation of transformer’s remained life 

 Estimating transformer’s remained life need to define an existing relationship 

between two parameters. A strong ambiguity existed between H2, CH4, C2H6, C2H4 

and C2H2 and breakdown strength values that gave unclear interpretations of the 

existing relationships. CO and CO2 showed little ambiguity although failure occurred 

in interpreting the existing relationships. Since estimation of transformers remained 

life depended on the existing relationships, the models were not successfully 

established. Mineral oil served over the long service life was mostly recommended in 

future research. 
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                      LIST OF SAMPLES  

           The following is the list of samples of mineral insulating oil as shown 

in Table D.1. They have been listed in the order of their testing. These samples were 

collected from twenty-eight in-service transformers available in Suranaree University 

of Technology, Nakhon Ratchasima, Thailand.  

 

Table D.1 List of samples of mineral insulating oil  

 

SAMPLE NO. 1   SAMPLE NO. 5 

Name: Suknives 1 Name: Suknives 7 

SAMPLE NO. 2  

  SAMPLE NO. 6 

Name: Sukkhawithi 2 Name:  Animals Building 

SAMPLE NO. 3    SAMPLE NO. 7 

 Name: Suknives 3  Name: Suknives 2 

SAMPLE NO. 4    SAMPLE NO. 8 

 Name: Sukkhawithi 3  Name: Suranives 14 
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Table D.1 List of samples of mineral insulating oil (Continued) 

 SAMPLE NO. 9    SAMPLE NO. 10 

 Name: Suknives 4  Name: Sukkhawithi 6 

 SAMPLE NO. 11 
                           

SAMPLE NO. 12 

 Name: Suknives 8 Name: Suranives 2 

 SAMPLE NO. 13 
     

SAMPLE NO. 14 

 Name: Lawn at Surasamanakhan Hotel Name: Animal Feed Building 

 SAMPLE NO. 15 
              

SAMPLE NO. 16 

 Name: Football Field Name: Scaffolding Surasamanakhan Hotel 

 SAMPLE NO. 17   SAMPLE NO. 18 

 Name: Sport and Health Center Name: Farm Office 

SAMPLE NO. 19    SAMPLE NO. 20 

 Name: Suranives 2  Name: Suranives 14 
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Table D.1 List of samples of mineral insulating oil (Continued) 

 SAMPLE NO. 21    SAMPLE NO. 22 

 Name: Scaffolding Suranives 9  Name: Suranives 11-12 

 SAMPLE NO. 23    SAMPLE NO. 24 

 Name: Plumbing Building   Name: Suranives 9-10 

SAMPLE NO. 25 
            

SAMPLE NO. 26 
 Name: Suranives 7-8  Name: Sport and Health Center 

SAMPLE NO. 27    SAMPLE NO. 28 

 Name: Cassava Research Building  Name: Suranives 5 
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