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3.1 INTRODUCTION 

 

In mineral oil filled transformers, the degradation of the oil is a 

major concern [1]. Insulation materials degrade at higher 

temperatures in the presence of oxygen and moisture. The 

degradation from thermal stress affects electrical, chemical, and 

physical properties of the oil [2].
 
There has been a growing interest 

in the techniques to diagnose, determine and decide the condition 

assessment of transformer insulation and this is due to the 

increasingly aged population of transformers in utilities around the 

world [3]. Dissolve Gas Analysis (DGA) is one of the most recent 

condition monitoring assessment techniques developed to diagnose 

the fault condition on oil filled insulation transformers. 

There are more than six known different methods of DGA 

fault interpretation technique and so there is the likelihood that 

they may vary in their interpretations and each of the known 

techniques has its own method of assessing the condition of 

transformer. This could create an elusive conclusion on the 

condition of the transformer and thus it is necessary to arrive at a 

reliable decision on each transformer so as to take the correct and 

appropriate maintenance action. It is therefore imperative to have 
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system of combining more than one interpretation method so as to 

increase the predict transformer condition.  

In this chapter, a computer program based system is 

developed to combine four DGA assessment techniques; Rogers 

Ratio Method, IEC Basic Ratio Method, Duval Triangle method, 

and Key Gas Method. The software is developed using 

Microsoft.Net Programming and it is based on theories and 

practices of insulation assessment techniques of oil-filled power 

transformers. The particles per molecule (ppm) values of recorded 

gasses from the transformer are the input variables used in the 

developed software as shown in the Figure 3.1 below.  

 

 

 

 

 

 

 

 

 

 
Figure 3.1 Workflow of the software 

   

This software was used to run a test diagnosis of some 

sample gas data to predict fault interpretation and the result is 

presented. The four diagnostic techniques above were also used 

individually to predict the fault interpretation and both result are 

compared and presented.  

 

 

3.2 DGA ANALYSIS  

 

It is highly important to know the status and operating condition of 

a power transformer for that will determine whether it is 

performance is optimized or if it is safe to continue operating it. 

Input of gasses amount (in ppm) 

Result of fault analysis for rogers, IEC, 

duval and keygas method 

Fault classification for each methods 

Conclusion of fault based on percentage 

Determine the type of fault for each methods 
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When faults occurs in the power transformer, it is taken out of 

circuit for repairs or refurbishment and this drawback makes it 

important to be able to adequately predict failures so as to 

minimize breakdowns. A program that can accurately predict 

failures from the combine techniques of DGA is therefore a 

veritable solution [3].  

 

3.2.1 DGA 

 

Oil dissolved gases testing started around 1956 in investigation 

from Buchholz relay trigger in transformers. Some investigation of 

the gases generated there have created specific normative that 

allow the interpretation of the possible problems inside the 

transformer. Base parameters are both quantities of some generated 

gases as relative proportions between gases and 

apparition/variation speed in taken samples. It can be taken so 

indirect evidence of partial discharge, hot points, arcing, 

combustion, aging, and overheating detecting incipient failures that 

could end the transformer life.  

The DGA is basically a laboratory test using an oil sample 

taken from a transformer. The oil sample is subjected to a vacuum 

to remove the combustible gases. These gases are then passed 

through a gas chromatograph and each gas is then extracted and 

analyzed for type and quantity [4]. The quantity of each gas is 

given in part per million (ppm) or percent of the total gas present. 

 

3.2.2 Fault Type in DGA  

 

Various diagnostic schemes have been developed for DGA 

interpretation. These methods attempt to map out the relations 

between gases and fault conditions, some of which are obvious and 

some of which may not be apparent, by using the gas percentages 

contained in the transformer [5]. The relationship is simplified by 

looking at key gases and the associated condition as illustrated in 

Table 3.1. 
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Table 3.1 Common types of faults and key gas in DGA [5]  

S/N Operating condition Interpretations 

1 Nitrogen plus 5% or less oxygen   Normal operation   

2 
Nitrogen, carbon monoxide, and 

carbon dioxide   

Transformer winding insulation 

overheated; key gas is carbon 

monoxide   

3 
Nitrogen, ethylene, and methane-

some hydrogen and ethane   

Transformer oil is overheated; 

minor fault causing oil 

breakdown; key gas is ethylene   

4 
Nitrogen, hydrogen, small 

quantities of ethane and ethylene   

Corona discharge in oil; key 

gas is hydrogen   

5 

Same as item No. 4  with the 

inclusion of carbon dioxide and 

carbon monoxide   

Corona involving paper 

insulation; key gas is hydrogen   

6 

Nitrogen, high hydrogen and 

acetylene; minor quantities of 

methane and ethylene   

High-energy arcing; key gas is 

acetylene   

7 

Same as item No. 6 with the 

inclusion of carbon dioxide and 

carbon monoxide   

High-energy arcing involves 

paper insulation of winding; 

key gas is acetylene   

 

3.2.3 Roger’s Ratio Method  

 

The  Rogers  Ratio method was  first  proposed  in  1973,  refined  

in  1975,  and further refined in 1977 [5]. This method uses the     

4-digit ratio code generated from the 5 fault  gases:  H2,  CH4,  

C2H6,  C2H4,  and  C2H2  to  determine  15  diagnosis  rules  for  

transformer  conditions  as  shown  in  Tables  3.2 and 3.3.  These 

ratios and the resultant fault indications are based on large numbers 

of DGAs and transformer failures and what was discovered after 

the failures.  

The advantages to any ratio method are that they are 

quantitative and independent of transformer oil volume. However, 

ratio methods can produce incorrect interpretations or none at all.  
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Table 3.2 Roger‟s ratio gas [5] 

Ratio Code 

CH4/H2 1 

C2H6/CH4 2 

C2H4/C2H6 3 

C2H2/C2H4 4 

 

Table 3.3 Roger‟s ratio code [5] 

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    

Diagnostic code Fault 

0 0 0 0 No fault: normal deterioration 

0 5 0 0 Partial discharges of low energy density or 

hydrolysis 

1 5 0 0 Partial discharges of high energy density, 

possibly with tracking 

0 5 1 0 Coincidental partial discharges and 

conductor overheating 

0 5 0 1 Partial discharges of increasing energy 

density    

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

power follow through    

1>2 0 1 0 Low energy discharge: 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    

1 1 0 0   

0 1 0 0 Thermal fault of low temperature range 

<150°C    

0 0>2 0 1 Thermal fault of temperature range 100-

200°C    
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(cont.) 
0 1 1 0 Thermal fault of temperature range 150-

300°C overheating of  copper due to eddy 

currents    

0 1>2 2 0 Thermal fault of temperature range 300-

700°C: bad  contacts/joints (pyrolytic 

carbon formation): core and tank  

circulating currents    

 

3.2.4 IEC Basic Ratio Method 

 

This method originated from the Roger‟s Ratio method, except that 

the ratio C2H6/CH4
 
was dropped since it only indicated a limited 

temperature range of decomposition [6]. Here, the remaining three 

gas ratios have different ranges of code as compared to the Roger‟s 

ratio method and they are shown in Table 3.4 and 3.5. The faults 

are divided into nine different types. 

 
Table 3.4 IEC basic gas [5]  

Ratio Code 

C2H4/C2H6 1 

CH4/H2 2 

C2H4/C2H6 3 

 

Table 3.5 IEC ratio code [5] 

Case Characteristic fault 1 2 3 

PD Partial discharges            

(see notes 3 and 4)    
NS

1)
 <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 < 300°C    NS
1)

 >1 but  NS
1)

 <1 

T2 Thermal fault                

300°C < t < 700°C    
<0.1 >1 1 – 4 

T3 Thermal fault   t > 700°C    <0.2
2)

 >1 >4 
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3.2.5 Duval Triangle Method 

 

Michel Duval of Hydro Quebec developed this method in the 

1960s using a database of thousands of DGAs and transformer 

problem diagnosis [7]. More recently, this method was 

incorporated in the Transformer Oil Analyst Software version 4 

(TOA 4), developed by Delta X Research and used by many in the 

utility industry to diagnose transformer problems. This method has 

proven to be accurate and dependable over many years and is now 

gaining in popularity. The duval triangle determines whether a 

problem exists as in Figure 3.2 and legend in Table 3.6 below.  At 

least one of pre-requirement of L1 limit must fulfill, and increasing 

at a generation rate (G1 and G2) as shown in Table 3.6, before a 

problem is confirmed [8]. 

 

 
 

Figure 3.2 Duval triangle[8] 
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Table 3.6 Duval triangle legend [8] 

Legend 

PD = Partial discharge  

T1 = Thermal fault less than 300°C 

T2 = Thermal fault between 300°C and 700°C 

T3 = Thermal fault greater than 700°C 

D1 = Low energy discharge (sparking)  

D2 = High energy discharge (arcing)  

DT = Mix of thermal and electrical faults 

 

Table 3.7 Duval triangle limit and generation rate per month 

Gas L1 limits 
G1 limits (ppm/ 

month) 

G2 limits (ppm 

/month) 

H2 100 10 50 

CH4 75 8 38 

C2H2 3 3 3 

C2H4 75 8 38 

C2H6 75 8 38 

CO 700 70 350 

CO2 7,000 700 3,500 

 

Compare the total accumulated gas diagnosis and the 

diagnosis obtained by using only the increase-in-gases after a fault. 

If the fault has existed for some time, or if generation rates are 

high, the two diagnoses will be the same.  

 

3.2.6 Key Gas Analysis 

 

Key gas analysis method could present damage level of power 

transformer and its cause by analyzing from the levels of 

combustible gasses. This leads to the evaluation of power 

transformer in normal or abnormal conditions. The gas levels for 

this method are given in Table 3.8. The method defines the level of 

damage problem by considering of the total combustible gases, 

which can be classified in different ranges.  
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Table 3.8 Combustible gas in key gas analysis [6] 

Gas Normal Abnormal Interpretation 

H
2
 < 150 ppm > 1000 ppm Arcing, corona 

CH
4
 < 25 > 80 Sparking 

C
2
H

6
 < 10 > 35 Local overheating 

C
2
H

4
 < 20 > 100 Severe overheating 

CO < 500 > 1000 Severe overloading 

CO2 < 10000 > 15000 Severe overloading 

N2 1-10% N.A N.A 

O2 0.2-3.5%  .03% N.A > 0.5% Combustibles 

 

Gas type and amounts are determined by where the fault 

occurs in the transformer and the severity and energy of the event. 

Events range from low energy events such as partial discharge, 

which produces hydrogen and trace amounts of methane and 

ethane, to very high energy sustained arcing, capable of generating 

all the gases including acetylene, which requires the most energy. 

 

 

3.3 SOFTWARE DESIGN AND IMPLEMENTATION  

 

The Oil Assessment system was developed by using C-Sharp (C#) 

language under WINDOWS operating system for data processing 

and implementation of algorithm. Also used are Microsoft Access 

and XML document for database management as shown in Table 

3.9 below. 

 
Table 3.9 Development tools 

Function Tool / software 

GUI application Windows form API 

Software platform Microsoft .NET framework 3.0 

Operating system Microsoft Windows XP/7 

Programming language Microsoft Visual C# 
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The software basically needs inputs from the user; the 

inputs represent the fault gasses amount in ppm and processed for 

each DGA methods. The DGA method in this algorithm is divided 

into modules, with each module representing the class of 

programming. Inside of each module the calculation is done to 

determine the fault code for analysis fault type. The fault code is 

used to find their matching fault in single analysis fault type. The 

summary then represents the graphic of fault combination in 

percentage. The highest percentage is chosen as the common fault.  

 

3.3.1 Method on Fault Analysis Classification  

 

The main interface will determine the fault analysis classification 

by using a single fault analysis to find the common result. As seen 

in Table 3.10, each fault represent by code (from F1-F6) as the 

conclusion from each method.  
 

Table 3.10 Codes of fault analysis classification [6]  

Fault code Description 

F1 Thermal fault  at low temperature 

F2 Overheating and sparking 

F3 Arching 

F4 Partial discharge and corona 

F5 Normal 

F6 No prediction 

 

3.3.2 Implementation  

 

The software is implemented in a single unit GUI.  Figure 3.3, 

shows the representation of computer based user interface on 

windows form.  
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3

 
 

Figure 3.3 User interface for oil assessment system 
 

The interface is divided into 3 sections; it represents the 

input, output and conclusion. All gasses value as input by the user 

is located at section 1. The software will not calculate before the 

user click the “DIAGNOSE” button. The button triggers the 

calculation for all method class. The result of calculation, codes 

and the Duval triangle presentation is included inside output 

section 2. The conclusion is presented by the graphic summary, and 

the translation code of fault for each method. This conclusion is 

located at section 3. 

 

 

3.4 RESULT AND ANALYSIS  

 

Some diagnosis tests were conducted to ensure that the software 

has met the objectives of this chapter.  A raw data testing of 101 
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different oil gasses was done using both a manual and the 

developed software so as to compare results.  

The accuracy of software on fault diagnostic for each DGA 

methods can be seen on Figure 3.4.  

 

 
 
 

Figure 3.4 Comparison of the accuracies of the four DGA techniques 
 

The summary of fault analysis is compared to the analysis 

of summary from the raw data. It should be noted also, that the raw 

data was analyzed by using just 3 methods of Duval triangle, 

Rogers Ratio and Key Gas method.  Figure 3.5 shows that more 

than 92% of the data complies with the manual calculation. It also 

shows the improvement on accuracy rather than use one method of 

DGA.  

It is a possibility to have no prediction in cases of fault 

diagnosis and this could be because the value needed by any 

specific method does not fulfill the requirement of value provided 

by method itself. However, the summary shows slight 

improvement by using mapping on overall prediction. The no 

prediction result from Rogers or IEC Ratio method is overlapped 
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by the prediction on Key Gas and Duval Triangle method. The   

50-50 percentages obtained frequently happens in fault-analysis 

summary. The higher impact on fault is taken as fault diagnosis to 

solve of 50-50 percentages of probability. 

 

 
 

 

Figure 3.5 Analysis of program and manual computations: percentage 

prediction 
 

Overall result testing on raw data shows that the software 

has slightly validates the manual input calculation. Differences are 

happened because the lack on method accuracy and computation. 

The legit determination on code and computational on ratios 

produce by the software had also give the impact on differences. 

 

 

3.5 CONCLUSIONS 

 

The research on DGA interpretation system for oil filled 

transformer has been done in this thesis. The objectives of this 

research are: 

DGA method 
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1) To study four interpretation systems on DGA. 

2) To develop computer based insulation assessment software. 

3) To analyze and compare fault interpretation on DGA methods. 

 

The computer based oil insulation assessment software has 

been successfully developed. The development started with the 

design concept and algorithm on each DGA method. The GUI has 

been design and developed to give the user ease of use on the 

software. The method on fault analysis classification has been 

implemented. This implementation is based on six codes which 

represents the general classification of transformer fault. Each of 

DGA method is mapped into single fault-analysis interpretation 

method. 

The comparison analysis had been done by using raw data. 

The analysis compared the accuracy and prediction result between 

each method in manual calculation and software calculation. The 

test concludes that the accuracy with fault-analysis classification 

increased the accuracy of DGA methods up to 20%.  The no 

prediction result had been reduced up to 0% rather than using one 

DGA method. 
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