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Abstract: Dissolve Gas Analysis is one of the widely used technique for recognition of incipient 

fault of oil immersed transformer. The transformer is a very important and critical component of 

power system. There is a need of proper maintenance and regular diagnosis of incipient fault 

within transformer oil. The main cause of transformer failure is ageing, deterioration and 

damage of insulating material. When insulating material is subjected to any incipient fault, 

combustible gases are generated. These combustible gases are known as key gases. By analysing 

these gases transformer fault can be detected. This paper represents a review of different DGA 

methods. The existing DGA diagnostic method consists of mainly Key Gas method, Ratio method 

(Rogers and Doernenburg and I.E.C. ratio) and Percentage Gas method (Duval triangle).  
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1. INTRODUCTION 

Large power transformer in utility is highly valued, important but complex component of power 
system. They are working 24 /7 and difficult to remove due to power system constraints..Any type 
of transformer fault whether incipient or short circuit can cause power outage and many times 
blackout in large area. In this way it prevents the power quality. Power quality is the main concern 
for power system [1-6] .Low power quality gives birth to many problems to connected equipment: 
malfunctioning, instability and short life time are some example of it. So maintain power quality is 
an important aspect. The replacement of power transformer is very costly and time consuming. So 
it is important to detect incipient fault as early as possible, forecast it and prevent failures. So that 
the service interruption time is minimum. In Power transformer, fault broadly classified as internal 
incipient fault and Internal short circuit fault . In power transformer for the purpose of insulation 
large amount of solid impregnated cellulose insulators and liquid transformer oil‘s combination 
used. Incipient fault mainly caused by deteriorated insulation and ageing and major cause of 
deterioration of insulation and ageing are thermal stress, mechanical stress, electrical stress and 
moisture. The majority of incipient faults occurring in power transformers give warning in advance 
of major breakdown through the transformer oil gas analysis, transformer may function well during 
this but it may causes many serious insulation deterioration problem . When In Oil Immersed 
Power transformer, fault occurs, there are combustible gases produced. This is due to thermal and 
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electrical discharge effect by insulation material near the fault and is dissolved in the insulation oil. 
Thermal fault and electrical fault may be further classified as thermal fault as low temperature, 
median temperature and high temperature while electrical fault are as mainly high energy arcing 
fault and low energy partial discharge. [7-10]. 

2. DGA APPROACH TO FAULT FINDING 

The DGA has requirement of routine oil sampling and some modern technologies for the purpose 
of online gas monitoring. In normal operation of without fault occurrence, transformer oil contains 
gases like hydrogen(H2), methane(CH4), Ethylene(C2H4), Ethane(C2H2), Oxygen(O2) and 
Nitrogen(N2) .When fault occurs, the concentration of some of given above gases increases, 
depending upon fault type and location. These gases can divided in three sub group [1,4, 5, 8-10]. 

i) Hydrogen gas and hydrocarbon: H2,CH4, C2H4, C2H2 
ii) Carbon oxides: CO2 and CO 
iii) Non faults gases : O2 and N2  

 
The primary step in using gas analysis for fault detecting is correctly diagnosing the fault that 
generated the gases. If abnormalities occur then insulation oil breaks down into small quantities of 
gases due to electrical and/or thermal stresses. The composition is depends on the fault type. The 
recognition of certain level of gases generated in oil-filled transformer in service is often the first 
available indication of a malfunction that occurs in a transformer and causes failure of it, if not 
corrected. A possible mechanism of gas generation includes corona discharge, arcing, low energy 
sparking, overheating of insulation due to overloading, and forced cooling systems failure. 
Transformer oil fault can be identified according to the above gases generated and the gases that 
are typical or predominant at various temperatures [11-16]. The fault and dissolved gas 
concentration can be correlate as follows: 

i. H2 and C2H2: For generation of C2H2 temperature should be more than 500 0 C so if H2 and 
C2H2 concentration increased then this is a sign of arcing fault. 

ii. C2H6, C2H4, CH4, C3H8/ C3H6 (propane/propylene) and H2: Increased concentration of C2H4 
along with any one of C2H6, CH4, and C3H8/ C3H6, signify thermal decomposition of the 
oil. These gases are generated at below 250 C temperatures. 

iii. H2and CH4: These are generated if in transformer oil partial discharge (or corona) takes 
place. 

iv. CO2 and CO: If these gases generate then it is indication of thermal ageing or partial 
discharge (corona) in cellulosic insulation. 
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H2 and O2: If these gases present together with absence of any hydrocarbon gases, it indicates the 
presence of water in transformer oil  

A. DGA Procedure 

In today’s scenario DGA technique requires measuring instruments with high accuracy so it is best 
performed in laboratory. DGA procedure can be explained in following four steps: 

i. Transformer oil Sampling 

ii. Gases extraction from the oil 

iii. Analysis of the extracted gas mixture 

iv. Interpretation of gaseous data  

B. Interpretation of Dissolve Gaseous Analysis 

There are various DGA methods which have been used by organizations and utilities to assess 
transformer conditions. These DGA interpretation schemes are basically based on empirical 
assumptions and practical knowledge gathered by experts worldwide. In spite of that, if these 
interpretation schemes are not applied cautiously, they may incorrectly identify faults because they 
only indicate possible faults. There may be some cases, in which DGA interpretation schemes may 
differ in terms of identified faults, which is clearly unacceptable for a reliable fault diagnosis 
system. 

Interpretation schemes are mainly based on defined principles such as gas concentrations, key 
gases, key gas ratios, and graphical representations. According to IEEE Standard C57.104-2008 the 
existing DGA diagnosis consists of three types of methods.  

• Key Gas Method 
• Gas Ratio Method  
• Percentage Gas method  

 
Where Gas Ratio method includes Doernenburg ratio, Rogers ratio and I.E.C. ratio while 
percentage gas method includes Duval triangle[21,22] .There are some method also like 
Nomograph method which combining key gas ratio and key gas method and CIGRE method . 

3. DGA METHODS 

There are following methods are available for DGA analysis: 

A. Key Gas Method 

 According to IEEE standard C57 104 2008 [1] if there is any faulty state occurred in the power 
transformer then there is increase in temperature. After significant increase in temperature, the 
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chemical structure of insulating oil disrupts which results in releasing of gases. These released 
significant gases are called Key Gases. 

During faulty state, the stresses whether it is thermal or electrical can cause chemical breakdowns 
in transformer oil. The main degradation products are gases. These significant gases provide the 
basis for recognition of fault. As we know mineral oil mainly consist of hydrocarbon. During fault 
these hydrocarbon decomposed into active hydrogen and some hydrocarbon fragments. The 
produced gases in transformer oil can be regrouped as: 

i) Hydrocarbon and hydrogen (H2,CH4, C2H4, C2H2, C2H4 C2H6) 

ii) Carbon oxides (CO, CO2) and 

iii) Non-fault gases (N2, O2). 

TABLE I. KEY GAS METHOD [1] 

S. 

No. 
Key gases 

General fault 

condition 

1. Methane, Ethane, Ethylene and small amount of acetylene 
Thermal condition 
involving the oil 

2. Hydrogen, methane and small amount of acetylene and ethane Partial discharge 

3. Hydrogen,Acetylene and Ethylene Sustained arcing 

 

B. Rogers Ratio Method 

For convenient fault diagnosis, gas ratio methods use coding schemes in which we assign certain 
combinations of codes to specific fault types. These codes are generated by calculating ratios of gas 
concentrations and comparing the ratios with predefined values which is derived by experience and 
continually modified. A fault condition is detected when a gas combination fits the code for a 
particular fault. R. Rogers [5] proposed a most common gas ratio method termed as Rogers ratio 
method . The Rogers ratio method analyzes four gas ratios: CH4/H2, C2H6/CH4, C2H4/C2H6 and 
C2H2/C2H4 . Recognition of faulty condition is done via a simple coding scheme based on ranges of 
the ratios given in table (II). The detectable four conditions of an oil-immersed transformer are 
normal ageing, partial discharge with or without tracking, and electrical and thermal faults of 
varying severity. R.A.Hooshmand [16] suggest three gas ratio i.e CH4/H2, C2H4/C2H6 and 
C2H2/C2H4 for this method. This method, which is based on thermal degradation principles, is also 
included in IEEE failure investigations with the gas analysis of each case. However, M.T.Yang 
[17] give some drawback of Rogers ratio as the diagnosis are not accurate enough. 
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C. Doernenburg Ratio Method 

The Doernenburg Ratio method identifies faults by analyzing gas concentration ratios mainly four 
gas ratio which are CH4/H2, C2H2/CH4, C2H4/C2H6 and C2H2/C2H4 [1]. This method is based on 
thermal degradation principles . N.Yadaiah [14] informed that this method uses above ratio to 
identify thermal faults, corona discharge and arcing. In this method, the ratio procedure is 
considered valid if the gas concentrations (in ppm) for H2, CH4, C2H2, and C2H4 exceed double the 
value of the fixed limit for each gas and if that for CO and C2H6 exceeds thrice the value of the 
fixed limit. Each successive ratio is then compared with certain values to determine. Finally, if all 
four succeeding ratios for a specific fault type fall within the predetermined values, the diagnosis is 
confirmed[20-25]., M.T.Yang [17] give some drawback of this method .This method, which is 
specified in IEEE Standard C57.104-2008 [1], may obtain numerous no interpretation results due to 
incomplete ratio ranges. According to N.Yadaiah [14] .It can detect only three type of fault and is a 
very complex method.  

TABLE II. DOERNENBURG RATIO METHOD [1] 

S.

No 

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 

1. 
Thermal 
decomposition 

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

2. 
Partial discharge(low 
density PD) 

<0.1 <0.01   <0.3 <0.1 >0.4 >0.2 

3. 
Arcing(high density 
PD) 

>0.1 to 
<1.0 

>0.01 to 
<0.1 

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

 

D. IEC Ratio Method 

Three gas ratios i.e. : CH4/H2,C2H4/C2H6 and C2H2/C2H4 are used to determine incipient failure[29-
31]. These three gas ratios have different ranges of code in comparison with the Rogers ratio 
method. This fault diagnosis scheme recommended by the International Electro technical 
Commission (IEC) This is originated from the Rogers ratio method excluding the C2H6 /CH4 ratio 
since it only indicated a limited temperature range of decomposition. There are four detected 
conditions i.e. normal ageing, partial discharge of low and high energy density, thermal faults and 
electrical faults of varying severity but it does not classify thermal and electrical faults into precise 
subtypes. [18]. 
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E. Duval Triangle Method 

M.Duval [3] proposed his triangle interpretation for fault recognition. The Duval Triangle Method 
is based on the use of three gases CH4, C2H4 and C2H2 and their Location in a triangular map [5]. In 
this method for plotting the triangle, gases are transformed into triangular co-ordinates. Partial 
discharges, electrical faults (high and low energy arcing), and thermal faults (hot spots of various 
temperature ranges) are the three detectable fault types. Advantage of this method is that it is easily 
performed, accurate and always provide diagnosis. Shortcomings are that careless implementation 
can obtain false diagnoses since no region of the triangle is designated as an example of normal 
ageing. So there is need to be concerned that the permissible amount of dissolved gases should be 
determined before using this method to analyze transformers which have been in service for the 
many years. It is an percentage gas method. In percentage of the gas is find by dividing quantity of 
the gas with total then percentages of total plotted on triangle to obtain the diagnosis. 

F. Nomograph Method 

The Nomograph Method combines the concept of fault gas ratios and the concept of Key Gas 
threshold. Since the Fault gas data is presented graphically, it simplifies data’s interpretation . A 
nomograph is a series of vertical logarithmic scales used to represent the concentration of 
individual gases as straight lines drawn between adjacent scales[18]. The straight lines connect 
points representing the values of individual gas concentrations. Straight lines are diagnostic criteria 
for determining fault type. By comparing the slopes of line segments with the keys at the bottom of 
the nomograph, type of fault can be identified. Incipient Fault severity is determined by the 
position of lines related to the concentration scales. In Nomograph scale the threshold value of each 
vertical scale is indicated by an arrow. For the slope of a line to be considered significant, at least 
one of the two tie points should exceed the threshold value. The fault is not considered significant 
if the tie point lies above a threshold value 

G. CIGRE Method 

The CIGRE Method of DGA combine concept of key gas ratios and gas concentrations. In CIGRE 
Method there are five key gas ratios considered which are C2H2 /C2H6, H2 /CH4, C2H4 / C2H6, C2H2 
/H2 and CO/CO2. The key gas concentrations are C2H2,H2 the sum of carbon hydrides, CO and CO2. 
A transformer is considered healthy if separate applications of these methods obtain ratios and 
concentrations that are below limits [32]. The benefit of this method is that this method is capable 
of detecting two or more faults simultaneously. H.C.Sun [18] reviewed about CIGRE Method that 
since 1999, CIGRE Task Force 15.01.01 has reconciled deviations and discrepancies among the 
different interpretation schemes. This method enhances the reliability of fault diagnostics by 
gathering expert knowledge and incorporating some adjustments, the DGA interpretation method 
proposed by CIGRE modifies previous interpretation schemes to. The dual step CIGRE 
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interpretation scheme first analyzes key ratios of gas concentrations and key gas concentrations and 
then compares them to thresholds values. Both step combines to diagnose fault and to take 
corrective measures. 

4. CONCLUSION 

The prime aim of DGA based analysis is correct recognition of the fault using generated gases 
during fault. DGA is the most common technique that can use for online incipient fault diagnosis. 
In DGA the transformer need not to de-energized. This paper has discussed Key gas, Gas ratio and 
Percentage ratio based approach and it compares seven methods based on these three approaches. 
Using different DGA approach and technique i.e. Key gas method, Gas ratio method (Rogers or 
Doernenburg or IEC) or any other separately to examine the transformer, the interpretation may be 
different. So there is need of optimization. for better diagnosis there is need to work for combining 
of these approaches and integrating their data for evaluate 

REFERENCES 

[1] IEEE standard C57.104-2008 .Guide for interpretation of gases generated in Oil Immersed 
Transformers, IEEE Power and Energy Society, February 2, 2009. 

[2] P. S. Pugh and H. H. Wagner, “Detection of incipient faults in transformer by gas analysis”, AIEE 
Trans., Vol. 80, pp. 189-195, 1961. 

[3] M. Duval, “ Dissolve Gas Analysis: It can save your transformer”, IEEE Insulation Magazine, vol 5, 
no.6, november/december 1989, pp.22-27 

[4] V.H. Howe, l. Massey, A.C.M. Wilson, “ Identity and significance of gases collected in Buchholz 
protectors” M.V. Gazette, may 1956. 

[5] R.R. Rogers, “IEEE and IEC codes to interpret incipient faults in transformers using gas in oil analysis”, 
IEEE Transactions on Electrical insulation, vol. EI-13, no. 5, october 1978, pp.349-354. 

[6] L.C. Aicher, J.P. Vora. “ Gas analysis- a transformer diagnostic tool.”, Allis chalmers electrical review, 
vol.28, 1963,pp. 22-24. 

[7] J.E. Morgan, “Transformer Fault Detection,” “Transfo-Tester” available from Morgan SchafTer Corp., 
Montreal, Canada, US Patent 4,112,737, 1978 . 

[8] Gockenbachand, I.Fofana, “Intelligent agent based system using Dissolved Gas Analysis to detect 
incipient faults in power transformers”., IEEE Electrical Insulation, vol. 26, no. 6, pp. 103-109, 
November/December 2010 

[9] N. da Silva, M. M. Imamura, and A. N. de Souza, “The application of neural networks to the analysis of 
dissolved gases in insulating oil usedin transformers,” IEEE International Conference on Systems, Man 
and Cybernetics, vol. 4, pp. 2643–2648, Oct. 2000. 

[10] T. K. Saha “Review of modern diagnostic techniques for assessing insulation condition in aged 
transformers”, IEEE Trans. Dielectr. Electr.Insul., Vol. 10, No. 5, pp. october 2010, pp 903-917. 

[11] J.O. Church et al. “Analyze Incipient Faults with Dissolved-Gas Nomograph,” Electrical World, Oct. 
1987, pp. 40-44. 

[12] E. Dornenburg, W. Strittmatter, “Monitoring Oil-Cooled Transformers by Gas Analysis,” Brown Boveri 
Review, vol. 61, no. 5, 1970, p. 238 . 



Shishir Ranjan, P. Lakshmi Narayana, Mukesh Kirar 

Impending Power Demand and Innovative Energy Paths - ISBN: 978-93-83083-84-8 332 

[13] IEC Publication 567, “Guide for the Sampling of Gases and of Oil from Oil-Filled Electrical Equipment 
and for the Analysis of Free and Dissolved Gases,” 1977. 

[14]  ASTM Method D 3612, “Analysis of Gases Dissolved in Electrical Insulating Oil by Gas 
Chromatography,” 1979. 

[15] J. L. Guardado, J. L. Naredo, P. Moreno and C. R. Fuerte, “A comparative study of neural network 
efficiency in power transformers diagnosis using dissolved gas analysis”, IEEE Trans. Power Delivery, 
Vol. 16, No. 4, pp. 643-647, 2001. 

[16] W.M.Lin, C.H. Lin and M.X.Tasy, “Transformer-fault diagnosis by integrating field data and standard 
codes with training enhancible adaptive probabilistic network”, IET Generation, Transmission and 
Distribution, Vol. 152, No. 3, 2005, pp. 335- 341. 

[17] H.Wu, X.Li and D.Wu, “RMP neural network based dissolved gas analyzer for fault diagnostic of oil-
filled electrical equipment”, IEEE Transaction Dielectrics and Electrical Insulation, Vol. 18, No. 2, 
2011, pp. 495-498. 

[18] N. Yadaiah, N.Ravi, “Internal Fault detection technique for power transformers” Applied soft 
computing, vol.11, pp. 5259-5269, 2011. 

[19] C.E. Lin, J.M. Ling, C.L. Huang, “An expert system for transformer fault diagnosisand maintenance 
using dissolved gas analysis”, IEEE Transaction on Power Delivery vol 8, no. 1, 1993, pp.231–238. 

[20] R.A. Hooshmad, M. Parastegari and Z. Forghani, “Adaptive Neuro-fuzzy Inference System Approach 
for Simultaneous Diagnosis of the type and location of faults in power transformer”s, IEEE Electrcal 
Insulation Magazine, vol. 28, no.5, September/October 2012., pp.32 -42. 

[21] M.T. Yang and L.S. Hu, “Intelligent Fault Type Diagnostic System for Dissolved Gas Analysis of Oil-
immersed Power Transformer”, IEEE Transaction on Dielectric and Insulation, vol. 20, no. 6, pp. 2317-
2324, December 2013. 

[22] H.C.Sun, Y.C.Huang, C.M.Huang, “A Review of Dissolved Gas Analysis in Power Transformers”, 
Energy Procedia vol. 14, 2012, pp. 1220-1225 T. Kawamura et al, “Dissolved Gas Analysis. Its Use for 
the Maintenance of Transformers”, CIGRE Paper vol 12, no05, 1986. 

[23] A. Akbari, A. Setayeshmehr, H. Borsi, E. Gockenbach, and I. Fofana,“Intelligent agent-based system 
using dissolved gas analysis to detect incipient faults in power transformers,” IEEE Electr. Insul. Mag., 
vol. 26, no. 6, pp. 27–40, 2010. 

[24] I. Fofana, A. Bouaicha, M. Farzaneh, J. Sabau, D. Bussieres, and E. B. Robertson, “Decay products in 
the liquid insulation of power transformers,” IET Electr. Power Appl., vol. 4, no. 3, pp. 177–184, 2010. 

[25] A.Akbari, A. Setayeshmehr, H. Borasi, E. Gockenbachand, I.Fofana, “Intelligent agent based system 
using Dissolved Gas Analysis to detect incipient faults in power transformers”., IEEE Electrical 
Insulation, vol. 26, no. 6, pp. 103-109, November/December 2010 

[26] N. da Silva, M. M. Imamura, and A. N. de Souza, “The application of neural networks to the analysis of 
dissolved gases in insulating oil usedin transformers,” IEEE International Conference on Systems, Man 
and Cybernetics, vol. 4, pp. 2643–2648, Oct. 2000. 

[27] T. K. Saha “Review of modern diagnostic techniques for assessing insulation condition in aged 
transformers”, IEEE Trans. Dielectr. Electr.Insul., Vol. 10, No. 5, pp. october 2010, pp 903-917. 

 




