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operating conditions. When a transformer thermal or electrical fault 
occurs, oil and paper insulation will break down generating gases 
that dissolve back into the insulating oil. DGA assists in identifying 
the type of gas present and, consequently, the nature of the fault. The 
rate of increase in the gases then indicates the severity of the fault. 
As the global transformer fleet ages, DGA has become a prevalent 
and important technique, increasing the reliance on DGA systems. 
Numerous standards now exist to guide users in performing DGA and 
then interpreting the results and ensuring that asset management is 
efficient and cost effective. 

These standards are produced and supplied by, among others 
The American Society for Testing and Materials (ASTM), The Institute 
of Electrical and Electronics Engineers (IEEE) and The International 
Electrotechnical Commission (IEC). An effective DGA monitoring 
programme allows power suppliers to:
o Extend asset life through advance warning of developing faults
o Reduce maintenance costs through convenient and efficient 

scheduling of repairs
o Maximise asset capability by monitoring the effects of increased 

loading
o Implement end of life ‘intensive care’ timeously, reducing the 

possibility of unexpected and costly failures

Furthermore, online DGA has additional benefits:
o Constant monitoring of the entire system for incipient faults
o No waiting for results back from the laboratory
o Earliest possible detection – real time analysis
o Access to data off-site and the ability to remotely diagnose incipi-

ent faults
o First actions can be taken immediately, without the need for a 

visit to site
o Multiple communication methods on online monitors facilitate 

integration to Supervisory Control And Data Acquisition (SCADA) 
computer and other operational systems

Effective early warning systems ensure that transformers can be monitored and appropriate action can be taken; meaning that outages, 

maintenance and even replacements can be planned.

‘Transforming’ transformer 
monitoring technology

Knowing how transformers are faring at every point in 
their lifecycle is essential.

The good news is that there are a number of monitoring tech-
niques that can be utilised – including thermal modelling, 
frequency response analysis and partial discharge analysis. 

Dissolved gas-in oil analysis (DGA) – the analysis of transformer oil 
to help determine the presence of dissolved gases - is recognised 
as an effective (and often preferred) method of obtaining valuable 
diagnostic information, symptomatic of a transformer’s ‘health’. So 
which methodologies are most effective and which tools are available 
to assist in the process?

Keeping watch

While in operation, transformers are under constant stress owing 
to the heat effect of the current flow and electrical stress. These 
stresses are dissipated by a combination of the paper insulation and 
the insulating oil carrying heat to a heat exchanger. Under regular 
operation, condition stresses are normal and a feature of equipment 
use. However, these stresses can be aggravated by the loss of me-
chanical strength owing to ageing; the loss of electrical strength due 
to moisture in the paper or oil; the build-up of sludge in the tank and 
particulate matter, which may be suspended in the oil; and the poor 
circulation of the oil and hence poor dissipation of the heat generated 
in the transformer. Overly stressed transformer insulating systems can 
lead to deterioration of the mechanical strength of the paper insulation 
and, as a result, reduced structural strength of the transformer itself. 
With structural loss, the possibility of a collapse of the core exists, 
which could potentially cause a catastrophic failure to occur, resulting 
in total loss of the asset. In order to prevent this, being aware of the 
condition of transformers in a fleet, even less critical ones,  is essential 
and will ensure that managers are able to determine when services 
need to be conducted or when transformers need to be replaced; 
ultimately increasing efficiency. Unplanned outages are also mini-
mised, as advanced warning enables planning (people, spares) and 
ultimately reduces the length, cost and consequences of the outage.

 
The ‘ABC’ of DGA

It goes without saying that DGA has become an industry standard and 
provides a non-intrusive, virtual window into a transformer’s internal 
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o Access to powerful modern software tools to store, monitor and 
analyse data on transformer fleet

The ‘how to’ of extracting gases

For critical and high-cost transformers online multi-gas monitoring can 
help identify individual fault gases and provides remote, automated 
diagnostics together with communications to enable operational 
decisions without going to site. Multi-gas units make use of photo-
acoustic spectroscopy (PAS), where gas is removed from the oil prior 
to quantification. After removal from the oil the gas sample (containing 
key gases) is passed to the chosen detector such as a photo-acoustic 
spectrometer. Measured quantities of gas are then related back to gas-
in-oil according to standard calculations based around the particular 
gas extraction technique employed.

A device such as the Transfix unit makes use of the PAS methodology 
and continuously monitors the discrete concentration of eight key 
gases /moisture in the insulating oil of transformers, the estimated 
concentration of nitrogen, the transformer load current and the 
ambient temperature. It will alert personnel of fault conditions at an 
early stage and provide vital health information on the transformer.

This system can be further enhanced by connecting the Intellix 
BMT 300, which provides a more comprehensive view of a trans-
former's overall condition. This integrated solution allows for the 
monitoring of DGA and moisture content in oil, bushing insulating 
deterioration and will also detect partial discharge (PD). The diag-
nostics can be downloaded and visualised utilising comprehensive 
diagnostics software (such as using GE’s PERCEPTION software 
package), simplifying the analytical process.

The ‘H’ factor

For lower-end transformers that are typically left unmonitored, keep-
ing track of hydrogen levels specifically is not only a cost effective 

method, but also an accurate indicator that other gases may soon be 
present. Nevertheless, if hydrogen is the main gas being produced in 
significant quantities, the likely causes may be stray gassing of the oil 
or partial discharges in the transformer. These are both occurrences 
that are important to take note of and act upon.

This is why the GLA100, a small intuitive and innovative fault gas 
level alarm, is such a reliable warning solution that assists with just 
that. Using a composite gas sensor, the system responds 100 % to 
hydrogen (general fault gas) and is also sensitive to carbon monox-
ide (overheated paper insulation). Hydrogen present in transformer 
oil is indicative of mineral oil decomposition, thermal faults, partial 
discharge and arcing. The GLA100 instrument sends out a warning 
signal when levels of hydrogen are detected, enabling further investi-
gation of the developing fault condition. The device can communicate 
directly with a laptop or can be connected to the SCADA computer 
system via the remote terminal unit (RTU). For added benefits, the 
GLA100 is best paired with a portable eight gas monitoring unit, to 
ensure for the most comprehensive, on-site DGA readings.

Conclusion

The fact remains that transformers are a critical (and costly) com-
ponent of an electrical grid – in order to have a robust, reliable and 
sustainable network, knowing how they are faring at every point in 
their lifecycle is essential. DGA is now widely accepted as one of the 
most effective method of assessing the health of a transformer. Critical 
generation and transmission transformers should be equipped with 
comprehensive online multi-gas monitoring systems, which provide 
diagnostics instantaneously. As a transformer becomes less critical 
the number of gases monitored decreases. This is why single gas 
units offer a cost effective way to monitor transformers that would 
normally be overlooked. The advantages of accurate and effective 
transformer monitoring cannot be discounted – being able to focus 
asset replacement strategies, extend asset life, effectively budget for 
future expenditures and, ultimately, reduce maintenance costs and 
the risk of catastrophic failure and planned outages.

Abbreviations/Acronyms 

ASTM  − American Society for Testing and Materials
DGA  − Dissolved gas-in oil analysis
GLA  − Gas Level Alarm
IEC  − International Electrotechnical Commission
IEEE  − Institute of Electrical and Electronics Engineers
PAS  − Photo-acoustic spectroscopy
PD  − Partial Discharge
RTU  − Remote Terminal Unit
SCADA − Supervisory control and data acquisition
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