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Transformer Failure prevented by Gas-in-Oil On-Line Monitoring 

The impact of accuracy in evaluating the evolution of a fault 

Oil filled power transformers are one 
of the most important components of 
electricity generation, transmission 
and distribution network.  The 
analysis of gases from petroleum 
products has been performed for 
decades using gas chromatography. 
However, this technique was not 
applied specifically to transformer 
mineral oil until the late 1960s/early 
1970s and is now commonly called 
dissolved gas-in-oil analysis (DGA). 
Some of the early developers of the 
technique were Dr. James Morgan of 
Morgan Schaffer Systems, Canada, 
and researchers J.E. Dind, R. Daust 
and J. Regis from the Canadian utility 
Hydro-Quebec.    
 
The analysis of dissolved gases, ASTM 
D3612 - Analysis of Gases Dissolved 
in Electrical Insulating Oil by Gas 
Chromatography, has been shown to 
be one of the most sensitive, as well as 
easiest to obtain, measures of potential 
trouble in electrical equipment. 
Certain gases may be formed due to 
natural aging but also as a result of 
faults which may damage the 
equipment. Some are of immediate 
concern (such as arcing) while others 
can have a long term effect 
(overheating). Periodic analyses of the 
oil provide a means monitoring the 
health of this equipment. 
 
The DGA technique involves 
extracting or stripping the gases from 
the oil and injecting them into a gas 
chromatograph (GC). Detection of gas 
concentrations usually involves the use 
of a flame ionization detector (FID) 

and a thermal conductivity detector 
(TCD). 
 
Removing the gas from the oil is one 
of the most difficult and critical 
portions of the procedure. The original 
method, now ASTM D3612A, 
required that the oil be subjected to a 
high vacuum in an elaborate glass-
sealed system to remove most of the 
gas from the oil. 
 
The detection of certain gases 
generated in an oil-filled transformer 
in service is frequently the first 
available indication of a possible 
malfunction that may eventually lead 
to failure if not corrected. Arcing, 
corona discharge, severe overloading, 
and over-heating in the insulation 
system are some of the mechanisms 
that can result in chemical 
decomposition of the insulating 
materials and the formation of various 
combustible and noncombustible 
gases. Normal operation may also 
result in the formation of some gases. 
 
In a transformer, generated gases will 
be found dissolved in the insulating 
oil. They may also be found in the gas 
blanket above the oil or in gas-
collecting devices. The detection of an 
incipient fault, if present, involves an 
evaluation of the amount of generated 
gas present and the continuing rate of 
generation. An indication of the 
source of the gases and the kind of 
insulation involved can sometimes be 
gained by determining the compo-
sition of the generated gases. 
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rigorous procedure to ensure reliable 
results. 

1- Oil sampling 
2- Gas extraction (ASTM D3612) 
3- Gas Measurement (GC) 

 
Oil sample identification is essential in 
order to take full advantage of this 
process to update the database and 
enable further analysis. 
Required information: 

• Date & Time 
• Temperature 
• Pressure 
• Serial Number 
• Equipment ID 
• Apparatus type 
• Location 
• Description 
• Manufacturer 
• Rated kV 
• MVA  
• Year manufactured 
• Fluid volume 
• Fluid type 
• Owner 

 
DGA is an integral part of Condition 
Based Maintenance programs.  To be 
successful, it must be adapted to your 
needs and common mistakes avoided: 

• Analysis intervals are too 
infrequent 

• Poor sampling techniques 
• Delay in getting samples to the 

laboratory 
• Delays in getting the results 

back 
• Poor information submitted to 

the lab (incomplete) 
• Lack of correct tests 
• Poor interpretation of the tests 
• Failure to integrate with other 

condition based technologies. 
 

Transformers are all different and 
every unit has a distinct signature.  
When a unit is first energized, it’s 
important to take an oil sample and 
perform a DGA to establish a baseline 
for this unit.  Thereafter, DGA’s are 
performed annually or more frequently 
depending on the criticality and/or the 
detection of an incipient fault.  
Historical DGA results should be 
accessible to calculate trends. 
 
Various DGA results interpretation 
methods are used for condition 
assessment.  The most popular ones 
are:  

 IEC 60599 Ratios 
 IEEE C57.104, Limits, 

rates and TDCG 
 Rogers Ratios 
 Key Gas Method 
 Duval Triangle 
 Trend Analysis 
 “NEW GUIDELINES 

FOR 
INTERPRETATION 
OF DGA” CIGRE 
Task force        
15.01.01,Octr 1999 

 Companies guidelines 
 More… 

 
Diagnostic reliability is affected by the 
accuracy of  the DGA measurement 
results as demonstrated by a study 
conducted by CIGRE and covered in 
an article published by Dr. Michel 
Duval and Dr. Jim Dukarm.. (IEEE 
August 2005, M. Duval, J. Dukarm, 
Improving the reliability of  
transformer in gas-in-oil diagnosis) 
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