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Dissolved gas analysis (DGA) of transformer oil is one of the most effective power transformer condition 
monitoring tools which can be facilitated to determine transformer criticality ranking and hence identifying a 
suitable condition-based asset management decision. There are many interpretation techniques for DGA 
results however all current techniques rely on personnel experience more than analytical formulation. As a 
result, the current techniques do not necessarily lead to the same conclusion for the same oil sample. A 
significant number of DGA results fall outside the proposed codes of the current based-ratio methods and 
cannot be diagnosed by these methods. Moreover, ratio methods fail to diagnose multiple fault conditions 
due to the mixing up of produced gases. To overcome these limitations, this paper introduces a fuzzy logic 
approach to aid in standardizing DGA interpretation techniques, identify transformer critical ranking and 
provide a suitable asset management decision based on DGA analysis. The approach relies on integrating
all existing DGA interpretation techniques into one expert prototype model. DGA results of 338 oil samples 
of pre-known fault condition that are collected from different transformers of different rating and different 
life span are used to establish the model which is developed based on the consistency of various 
traditional DGA interpretation techniques that are currently used by various utilities and chemical 
laboratories worldwide. 

1. Introduction
Power transformers represent a critical link in any transmission or distribution network. To improve the 
reliability of the equipment and to avoid any catastrophic failure, effective monitoring and diagnostic 
techniques must be adopted. Transformer dielectric oil and paper insulation are considered as key sources 
to detect incipient and fast developing faults, insulation trending and generally reflects the health condition 
of the transformer (Abu-Siada and Islam, 2012). There are several of chemical and electrical diagnostic 
techniques currently used by various utilities to examine the health condition of power transformers 
(Arshad and Islam, 2011). Among of these techniques, dissolved gas in oil analysis (DGA) is widely used 
to detect power transformer incipient faults. Due to electrical and thermal stresses that operating 
transformer exhibits, oil and paper decomposition occurs (Arshad, 2005). Gases produced due to oil 
decomposition are hydrogen (H2), methane (CH4), acetylene (C2H2), ethylene (C2H4) and ethane (C2H6). 
On the other hand paper decomposition produces carbon monoxide (CO) and carbon dioxide (CO2)
(Hydroelectric, 2003). Various internal faults within a power transformer evolve particular amount of 
characteristic gases that can be used to determine the type and severity of fault. However, the analysis is 
not always straight forward as there may be more than one fault present at the same time. Partial 
discharge activity produces H2 and CH4 while arcing generates all gases including traceable amount of 
C2H2. DGA can be used to determine the amount and type of gases in transformer oil and hence can aid in 
determining the transformer failure rank (Liu et al., 2002). There are many DGA interpretation techniques 
such as key gas method (IEEE std, 2009), Roger ratio method (Rogers, 1978) and Duval triangle method 
(Duval, 2003) that have been reported in the literatures. All of these methods rely on personnel experience 
more than mathematical formulation. Moreover, each technique has some limitations as briefly elaborated 
below. Ratio Methods including Roger, IEC and Doerenenburg are only valid if a significant amount of the 
gas used in the ratio is present otherwise the method will not be able to identify the type of fault and will 
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papers such as (DiGiorgio, 2005); the model showed high agreement with the collected data. Based on the 
model output, an asset management decision can be taken as proposed in Table 2.

Table 2: Asset management decision based on model output

Fault Model output (D) Fault diagnosis Recommended decision
F5 0 No fault -Continue normal operation
F1 2 -Cellulosic / oil decomposition

-Overheated cellulose and or oil 
-Exercise extreme caution
-Furan analysis is recommended  
-Check generation rate weekly
-Reduce loading below 70%
-Plan outage

F2 4 -Corona in oil 
(Low intensity electrical discharge)

-Exercise extreme caution
-Check generation rate weekly
-Reduce loading below 60%
-Plan outage

F3 6 -Arcing in oil 
(High intensity electrical discharge)

-Exercise extreme caution
-Check generation rate daily
-Reduce loading below 50%
-Consider removal from service

4. Conclusion
This paper introduces a new interpretation approach for dissolved gas analysis (DGA) of transformer oil 
based on the integration of the key strength of all existing interpretation techniques into one powerful 
expert model. Current traditional methods are not consistent and they do not necessarily lead to the same 
conclusion for the same oil sample. Moreover, significant number of DGA results fall outside the proposed 
codes of ratio-based methods. The new proposed approach relies on incorporating all traditional DGA 
interpretation techniques into one fuzzy logic model. All consistency-weighted decisions of individual DGA 
interpretation techniques are combined together to provide one overall decision on each DGA sample. 
This decision represents the transformer failure ranking and a proper asset management action based on 
the model output can be proposed. 
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