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ABSTRACT 
Just as blood tests are used to detect health 
problems, Dissolved Gas Analysis can be 
very useful for the early detection of possible 
transformer failures.

The degradation of the insulation materials 
used in transformers causes combustible gases 
to be released inside the unit. Therefore, before 
a device shows signs of a problem with its 
operation, the levels of dissolved gases in the 
oil can help the user detect potential failures 
promptly.

To perform the Dissolved Gas Analysis (DGA), 
it is necessary to extract an oil sample during 
routine maintenance, following standard 
procedures to prevent altering results. Once 
this is done, gases are extracted from the 
oil sample, and a gas chromatography is 
performed. With this, the volume of each gas is 
detected in parts per million (ppm).

By doing this, we will be able to understand 
what is happening inside the equipment 
without the need of de-energizing and opening 
the transformer, since the distribution of gases 
found in the oil is an indicative of the type of 
electrical failures that may occur.

The 9 main gases that were found are:

•	Atmospheric	Gases:	Nitrogen	and	Oxygen

•	Carbon	Oxides:	Monoxide	and	Carbon	Dioxide

•	Hydrocarbons:	Acetylene,	Ethylene,	Methane,	
Ethane

•	Other:	Hydrogen

The concentration of each gas is related to the 
temperature reached, as well as the volume of 
the oil at said temperature; therefore, we can 
say that, the level of gas concentration is closely 
related to the severity of the failure.

The following failures can be detected in 
transformers using mineral oil:

•	Cellulose	insulation	degraded	by	overheating	
generates high levels of carbon dioxide and 
carbon monoxide.

•	Oil	overheating	results	in	the	production	of	
hydrocarbon gases.

•	Partial	discharges	can	be	detected	when	high	
levels of hydrogen are present.

•	Arcing	between	energized	parts	can	be	
detected with the presence of acetylene.

•	Issues	with	the	airtight	sealing	of	the	tank	can	
be evidenced by the presence of nitrogen and 
oxygen.

Dielectric fluids for transformers are compounds 
formed by chemical groups with carbon-
carbon and/or carbon-hydrogen bonds where 
the rupture of some of these bonds is the first 
available indicator of probable equipment 
malfunction that could lead to a failure if they are 
not detected and corrected promptly. Mineral 
oils are, unquestionably, the most used fluids 
in the electrical industry, because of their cost, 
availability,	and	properties.	However,	unlike	
these oils, natural and synthetic esters have been 
used as an environmentally friendly solution 
alternative, considering that although their 
chemical structure contains carbon, hydrogen, 
and oxygen, their diverse molecular arrangement 
allows the presence of different characteristics 
while delivering a similar performance, therefore, 
the generation of gases is also affected.  

As the first scope, this article includes a 
study about gas generation under normal 
and overheating temperature conditions, at 
a laboratory level; in the same way, the gas 
concentration profiles shown for this type of oil, 
when used in power transformers during factory 
temperature tests, would be the first results 
reported in the industry.
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INTRODUCTION
Dissolved Gas Analysis (DGA) is a tool used 
by the energy industry for monitoring and 
diagnosing a transformer in a non-invasive 
manner, with highly satisfactory results, which, 
when used in conjunction with alternative 
diagnostic methods, becomes the fastest and 
cheapest option to detect a possible failure in 
a transformer. 

Since oils are made of molecules containing 
carbon, hydrogen, and some of them, oxygen, 
the	breakage	of	C-H	and/or	C-C	bonds	may	
result from some electrical and/or thermal 
failures with the formation of unstable 
(radical)	fragments	that	recombine	quickly	
and that, through more complex reactions, 
form gaseous molecules such as hydrogen, 
methane, ethane, ethylene or acetylene.  Some 
of the possible mechanisms for the formation 
of these gases are arcing, partial discharges, 
low-energy discharges, severe overheating of 
the oil and/or the insulating system [1].

These conditions occur during a single event 
or simultaneous events, and may result from 
the decomposition of insulating materials and 
the formation of numerous combustible and 
non-combustible gases; Normal operation 
also results in gas generation, in fact, some 
transformers operate during their shelf life 
with the presence of a substantial amount of 
combustible gases. 

Overheating problems are one of the most 
common failures in the operation of oil-
immersed transformers.  

An overheating failure can be detected by 
the presence of hydrogen with methane, 
ethane	and	ethylene	gases.	The	key	gas	for	
this type of failure is ethylene gas. The guide 
to interpret these dissolved hydrocarbon 
gases is found in Standards IEC-60599 [1] and 
IEEE-C57.104 [2], and has been determined 

based on conventional dielectric oil for 
transformers (mineral oil). However, the 
information available for other dielectric oils 
is scarce, and, in some particular situations, 
even null, especially under conditions where 
the transformer operates normally and it is 
necessary	to	know	the	satisfactory	levels	of	
operation.  

On the other hand, the DGA is not only 
used while the transformer is in service, but 
also as a tool to ensure the reliability of the 
equipment during the factory temperature 
rise test. National and International Standards 
require this to be a routine test or prototype 
for power transformers, and it is included 
in the User Test Specifications [3, 4, 5]. By 
completing a DGA during the temperature 
test we will be able to detect hot spots in 
the coils, in the core, or in the mechanical 
tightening structures of the core and coil; hot 
spots that otherwise might not be detected 
by measurements of average oil temperature 
with thermocouples, and by an indirect 
measurement of average winding temperature 
by means of changes in resistance. 

Nevertheless, even though the gases 
produced during the temperature test may 
be	an	indication	of	a	possible	problem,	keep	
in mind that expecting zero generation of 
gases is not viable, since the normal heating 
of materials in a functioning transformer 
results in a given concentration of gases in 
the oil. However, there is little information on 
acceptance limits for transformers during the 
test using mineral oil as an insulating fluid.

This article includes information regarding the 
generation of gases under normal conditions 
and with the overheating of conventional 
dielectric oil and ester base oil, as well as 
the acceptable operating ranges of power 
equipment using alternative dielectric oils.



EXPERIMENTAL DEVELOPMENT

O
il characterization is essential to 
identify any defect when used in 
electrical equipment. 

This process is divided into three parts, where 
gas generation is tested at average operating 
temperatures of a transformer, at overheating 
temperatures, in addition to the gas 
generation results during power transformer 
temperature tests using alternative fluids, 
as shown in Table 1. A description of the 
experimentation of each of these parts is 
detailed below.  

Tabla 1.
Oils Used with Experiments

NAME  TYPE OF OIL

Fluid A Mineral

Fluid B Natural Ester

Fluid C Synthetic Ester

a) Heating Vials

Initially, laboratory tests were carried out 
using vials with the oils being analyzed. The 
vials used were 20 ml, with polymeric butyl/
PTFE caps. Samples of 10mL of oil were 
injected into the vials, which were previously 
purged	with	argon	at	20.7	kPa.	The	oils	used	
in the tests were degassed and dehumidified 
under similar conditions while a transformer 
is filled with each type of dielectric fluid being 
evaluated. The vials were placed in an electric 
oven to start heat treatments at temperatures 
of 25°, 80°, 100° and 120° C, for 24 hrs. Once 
each treatment was completed, the vials 
were analyzed in a gas chromatograph model 
6890N connected with an automatic gas 
extraction equipment (head-space) model 
G1888, both made by Agilent Technology.

b) Temperature Test

For this part of the experiment, temperature 
tests were carried out in factory transformers 
using natural and synthetic ester oils to 
observe their thermal performance as well 
as using and determining the gas generation 
during these tests. The transformers were 
tested at 100% capacity for a period of 
approximately 30 hours. The oil samples were 
analyzed on the chromatograph described 
above. 

c) Overheating

This test involved heating the oils at 3 
different temperatures: 150°, 200° and 
230°C. Just as with the first experiment, 
the oils used here were filtered, degassed, 
and dehumidified in order to prevent these 
factors from altering results. In this test, 
glass syringes with special caps were used 
to prevent spillage (Figure 1), as well as to 
protect against the expansion of oil. The oil 
samples were analyzed in the chromatograph 
described above.

Figure 1. Syringes and Airtight Caps.



RESULTS
a) Heating Vials 
The results for the heating test are shown in 
the following Figure.  

Figure 2. Gas generation in normal temperature tests.

The results show that, at low temperatures, 
oils generate the same type of oil, although in 
different concentrations and/or profiles. 

Compared to mineral oil, natural ester oil 
had a high generation of ethane, which for a 
mineral oil would imply a thermal problem. 
For the synthetic ester oil the performance 
was different, however, the concentrations of 
carbon monoxide were higher than those in 
the other oils, at any of the temperatures used 
in this part of the experiment.

b) Temperature Test 
As discussed in the previous section, 
standard temperature tests were performed 
on a group of power transformers using 
natural and synthetic ester oils. The relative 
concentrations for the equipment tested are 
shown in Figures 3 and 4.

Figure 3. Relative ratio of gases dissolved in transformers with 
natural ester oil during normal temperature tests

Figure 4. Relative ratio of gases dissolved in transformers with 
synthetic ester oil during normal temperature tests.

As we can see, in both cases of esters, the 
gas profile obtained in vials was very similar 
to the one obtained with power transformers, 
although it should be emphasized that 
different concentrations are acquired due to 
the amounts of oil that were used in addition 
to the interaction of the oils with the materials 
that are inside the transformer, since in the 
test	with	vials	we	worked	exclusively	with	
pure oil.
 
Figure 3 shows that the main gas generated 
for the natural ester was ethane, along with 
hydrogen and carbon monoxide, same gases 
that were obtained with the test in vials [6,7]. 

In the case of the synthetic ester, shown in 
Figure 4, the main gases were methane and 
carbon monoxide [6,7]. 
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CONCLUSIONS
There are two gas-generation profiles for 
transformers during temperature tests. 
Ethane gas, followed by hydrogen and carbon 
monoxide, will be typical for natural ester oils 
(soy), while carbon monoxide gas, followed 
by methane, will be typical for synthetic ester 
oils.  

At least, for the temperatures used in the 
overheating test, no difference in gases 
was observed compared to the profiles 
obtained during laboratory tests, additional 
experimentation at higher temperatures is 
required to see significant differences. 
 
It	is	important	to	know	that	low	gas	
concentrations can be normal and that some 
manufacturing processes such as welding may 
have introduced gases into the oil. Also, the 
operation of some accessories such as fuses 
and	load	break	switches	(disconnectors),	
generates combustible gases under normal 
conditions. In addition, it is also possible that 
an isolated failure generates a certain amount 
of gases, but then it does not occur again. 
Therefore, a single measurement of gases is 
not enough to detect an issue. The analysis 
must evaluate the variation of the gas content 
over a certain period of time. This change rate 
will represent the severity of the problem at 
hand.

It is recommended to perform this test once 
a year, especially with transformers that 
provide energy for a critical operation. If 
high concentrations of gas are detected, it is 
recommended to repeat the test three or six 
months later, based on severity.

This method cannot identify the specific 
location of the failure and cannot be used 
if the oil in the unit has been changed. 
However, this is a highly valuable test for 
precautionary maintenance that will prevent 
a unit from suddenly ceasing operations at an 
inconvenient time. 

The complete guide for a correct diagnose of 
the equipment based on the volume of gas 
present, the rate of change, and correlations 
among gases can be found in the standards 
IEC 60599 and ANSI/IEEE C57.104. 

c) Overheating
The results for the three different oil 
samples that were exposed to overheating 
temperatures can be seen in Figure 5.

Figure 5. Gas generation during overheating tests.

Based on the results, we can see that the 
gases present with the three types of oil for 
this overheating test are hydrogen, methane, 
ethylene, and carbon monoxide, although in 
different ratios. It was confirmed that ethylene 
is found in greater ratio in esters, while 
methane in mineral oil.
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