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Property Risk Engineering Insight 

Insight: Transformer Monitoring and Testing 
A Key Component to Understanding Transformer Health 
 

Recognizing the Risk 
 

Large Power Transformers (LPTs) are a critical part of the electrical grid. Depending on the system configuration the loss 
of a single transformer can have a significant impact. The rewind or replacement of a failed LPT can take 1-2 years or 
longer, depending on the global constraints. LPTs are also one of the most expensive pieces of equipment in an electrical 
substation. Considering these two reasons alone it is in the utility's best interest to perform the appropriate monitoring and 
testing since that can help identify potential concerns before a catastrophic event occurs. 

 

Dissolved Gas Analysis 
Dissolved gas analysis (DGA) is a method of testing transformer fluid to determine the overall health of a transformer.  DGA 
has been used for many years and is the most important maintenance practice for liquid-immersed transformers. Over the 
years, as more data is collected and new technologies emerge, the interpretation of DGA has become very reliable. In most 
cases, DGA samples can be collected while the transformer is in service as opposed to other testing that requires the 
transformer to be out of service. 

LPTs contain a fluid for the purpose of electrical insulation and heat transfer. Typically, the fluid used is mineral oil, but other 
fluids such as synthetic esters are also being used. As the insulating materials within a transformer break down from aging 
or electrical faults, gases are released into the transformer fluid. By measuring and trending these gas concentrations, it is 
possible to narrow down what is happening inside the transformer e.g. whether there is normal wear and tear or a problem 
such as an internal electrical fault. Also depending on the type of gas generated and the rate that it is generated, testing 
results can provide information to help determine the severity of an issue.  Having this information can allow time to schedule 
a thorough inspection and take appropriate actions before a trip or a catastrophic event occurs. 

Critical Gasses measured by DGA 
 

Depending on the types of gases seen and the rate of increase, the severity of an electrical fault can be determined. As a 
fault develops, temperature increases and corresponding gases are generated. For a typical DGA sample, there are 9 gases 
that are measured.  

• Oxygen – Typically an indication of air ingress and therefore a leak to the atmosphere may be present. 
• Nitrogen – Typically an indication of air ingress and therefore a leak to the atmosphere may be present. For 

sealed transformers with a nitrogen blanket, a higher concentration may be seen. 
• Hydrogen – Low energy event that has possible partial discharge activity and/or overheating of fluid. 
• Methane – Low energy event that has possible partial discharge activity and/or overheating of fluid. 
• Ethane – Overheating of oil. 
• Ethylene – Overheating of oil associated with higher temperature overheating. 
• Carbon Monoxide – Overheating of paper insulation. 
• Carbon Dioxide – Overheating of paper insulation. 
• Acetylene – Arcing in oil with very high temperature, overheating of oil. Acetylene is generated by arcing and 

therefore an internal fault is most likely present. Even a very low concentration of acetylene can indicate a severe 
problem. 

Analyzing individual gas concentrations on their own is only one step in understanding DGA. A single gas concentration 
that is higher than industry standards should be considered a warning but may not indicate a serious problem based on 
the history of the transformer. Additional DGA samples are needed to verify an increasing trend and other test methods 
may be necessary. 
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Gassing Trends 
 

It is important to perform routine DGA to establish trends and rate increases of these critical gases. This is important 
because a significant increase in a key gas may be a concern even though the gas concentration does not exceed the 
industry standards for that specific sample. 

IEEE Std C57.104 Guide for the Interpretation of Gases Generated in Mineral Oil-Immersed Transformers and IEEE Std 
C57.155 Guide for Interpretation of Gases Generated in Natural Ester and Synthetic Ester-Immersed Transformer are the 
industry standards that should be used. These standards provide the acceptable limits of individual gasses along with the 
acceptable rate of change. 

 

Oil Quality, Furan Analysis and Corrosive Sulfur Testing 
 

Additional oil tests include oil quality, furan analysis, and corrosive sulfur testing.  

• Oil quality is a good indicator of fluid health and measures Dielectric Strength, Power Factor, Moisture, Color, 
Interfacial Tension and Acidity. As oil ages and breaks down these parameters will determine if the fluid should be 
reconditioned. 

• Furan Analysis indicates the degree of degradation of the transformer paper insulation. As a transformer ages the 
paper insulation breaks down. If the paper degrades enough it is possible to experience turn-to-turn shorts and 
eventually complete failure. 

• Corrosive sulfur that is present in transformer oil can cause deposits of an electrically conductive compound 
which could lead to electrical faults within the transformer. 

 

Offline Electrical Testing 
 

Routine outages are required to remove the transformer from service and perform offline testing. 

• Transformer Power Factor 
• Bushing Power Factor and Capacitance 
• Transformer Turns Ratio (TTR) 
• Insulation Resistance 
• Impedance 
• Sweep Frequency Response Analysis (SFRA) 

 

Online Monitoring 
 

Continuous online monitoring has become more common, especially for critical LPT’s. With new technologies it is now 
possible to equip transformers with online monitors that provide an even better understanding of a transformer’s health. 
This real-time data can be used to make quick informed decisions. Online monitoring can come in many different levels of 
monitoring from one single parameter to multiple parameters that populate a sophisticated condition monitoring software 
platform that uses algorithms to determine overall health. 

Bushing monitoring, DGA, and partial discharge are a few of the options that utilities are using as part of their online 
monitoring program. Monitors can be retrofitted onto existing transformers or supplied as part of a new transformer 
installation. 

However, just like the other testing methods that have been discussed, the data gathered needs to be reviewed by a 
qualified individual and actions taken if deemed necessary. 
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While online monitoring provides real-time data this should not take the place of the other testing and monitoring that is 
already being performed. 
 

Recommendations 
 

Since not all transformers are as critical as others, it is up to the utility or the LPT owner to develop a monitoring and testing 
program that best suits their needs.  DGA, oil quality, furan testing, and offline testing must be performed at a minimum.  
Online monitoring provides a great deal of data that can be used to make informed decisions in a relatively quick timeframe 
and therefore should be considered, especially for critical LPTs. 

 

Resources / Standards 
 

IEEE Std C57.104 Guide for Interpretation of Gases Generated in Mineral Oil-Immersed Transformers 

IEEE Std C57.155 Guide for Interpretation of Gases Generated in Natural Ester and Synthetic Ester-Immersed 
Transformers 

NFPA* 70B Chapter 11 – Testing and Test Methods 

*While NFPA documents are the global standard used by AIG, international equivalents may be acceptable. 

 

For more information, contact your local AIG Risk Engineer. 
 
The information, suggestions and recommendations contained herein are for general informational purposes only. This information has been compiled 
from sources believed to be reliable.  Risk Consulting Services do not address every possible loss potential, law, rule, regulation, practice or procedure.  
No warranty, guarantee, or representation, either expressed or implied, is made as to the correctness or sufficiency of any such service.  Reliance upon, 
or compliance with, any recommendation in no way guarantees any result, including without limitation the fulfillment of your obligations under your 
insurance policy or as may otherwise be required by any laws, rules or regulations.  No responsibility is assumed for the discovery and/or elimination of 
any hazards that could cause accidents, injury or damage.   The information contained herein should not be construed as financial, accounting, tax or legal 
advice and does not create an attorney-client relationship.   

This document is not intended to replace any recommendations from your equipment manufacturers. If you are unsure about any particular testing or 
maintenance procedure, please contact the manufacturer or your equipment service representative.  

American International Group, Inc. (AIG) is a leading global insurance organization. AIG member companies provide a wide range of property casualty 
insurance, life insurance, retirement solutions and other financial services to customers in approximately 70 countries and jurisdictions. These diverse 
offerings include products and services that help businesses and individuals protect their assets, manage risks and provide for retirement security. AIG 
common stock is listed on the New York Stock Exchange. 

Additional information about AIG can be found at www.aig.com | YouTube: www.youtube.com/aig | Twitter: @AIGinsurance www.twitter.com/AIGinsurance 
| LinkedIn: www.linkedin.com/company/aig. These references with additional information about AIG have been provided as a convenience, and the 
information contained on such websites is not incorporated by reference herein. 

AIG is the marketing name for the worldwide property-casualty, life and retirement and general insurance operations of American International Group, Inc. 
For additional information, please visit our website at www.aig.com. All products and services are written or provided by subsidiaries or affiliates of 
American International Group, Inc. Products or services may not be available in all countries and jurisdictions, and coverage is subject to underwriting 
requirements and actual policy language. Non-insurance products and services may be provided by independent third parties. Certain property-casualty 
coverages may be provided by a surplus lines insurer. Surplus lines insurers do not generally participate in state guaranty funds, and insureds are therefore 
not protected by such funds. 

Copyright © American International Group, Inc. All rights reserved. 
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