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HOW LONG IS A TRANSFORMER 
SUPPOSED TO LAST?

In the first article in this series we defi-
ned what life means for a power trans-
former. In the second article we looked 

at the factors that most influence a power 
transformer’s life.

In this, the third and last, article of this 
series we explore what options we have 
to manage and, as far as possible, extend 
the life of these important assets in your 
system.

Before we delve into what you can do to 
extend the life of a transformer, we need 
to agree on how long it is supposed to last.

As we have discussed, the life of a par-
ticular transformer depends on many 
factors, some of which are unpredictable 

in nature. In most circumstances there is 
not enough information to accurately pre-
dict the remaining life of a particular unit 
with any significant confidence. Current 
national and international standards and 
publications [1],[2],[3] and [4] favour the 
definition of life in “per unit” terms.

However, enough statistical data might 
be available in a particular system to be 
able to ascertain an estimated “average” 
life for a transformer in that system. In 
my own experience an average life of 35 
to 40 years is a reasonable number to be 
expected for transformers manufactured 
before the 90s and working under nomi-
nal conditions with some transformers, 
in very isolated cases, reaching into the 
70 to 100 years of age mark [5].

So, if a transformer is to last 40 or more 
years of active service, what can you do 
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to give it the best chances to do so?

THE LIFE CYCLE VIEW OF 
LIFE EXTENSION
We might be tempted to think of the term 
life extension as something that is execu-
ted towards the end of the life of the asset 
in an attempt to extend its life.

In my opinion this would be a very short-
sighted view of the topic. In my view, life 
extension starts before the transformer 
is even manufactured. A holistic view of 
the complete life cycle of the unit will al-
low making the right decisions and put-
ting the appropriate measures in place at 
every step of the way, from purchasing to 
disposal of the asset.

Just as with our own life and health, the 
most effective way of preventing a prema-
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ture death is with prevention more than 
remediation. In the case of transformers 
this is not only logical, but considerably 
less costly.

On a dollar (or the applicable currency 
used in your country) per year of ser-
vice of a particular asset, investing in 
prevention is almost always the wisest 
decision.

In the remaining sections of this article 
I will lay out what I think are the most 
important actions you can take to ma-
ximise the benefit that you get for your 
investment.

SPECIFYING AND 
PURCHASING

A good start in life leads to a good per-
forming transformer during operation. 
By investing the time and resources in 
correctly specifying and sourcing the 
transformer most suitable for your ap-
plication, you will save an incredible 
amount of money in the long run and a 
lot of headaches to your operations and 
maintenance team.

A properly documented specification 
that adequately reflects your needs is es-
sential to ensure that you are getting the 
right asset for the intended function. In 
many instances I have seen asset owners 
and buyers contempt with buying trans-
formers that merely stick to the existing 
standards. While standards should be the 

starting point of any specification, they 
are certainly not sufficient in most cases. 
In my opinion, standards are just the bare 
minimum that a transformer should com-
ply with. By their very nature, standards 
cannot cater for the specific requirements 
that you might have in your specific ope-
rational context and circumstances.

Buying a transformer that simply meets 
the standards is like buying a car only spe-
cifying that you want it with an engine, a 
body and four wheels. Well, maybe I am 
exaggerating a little bit, but my point is 
that you are likely to require certain cha-
racteristics in your transformers that are 
not listed or spelled out in the standards 
and that you will need to be explicit about 
when requesting a new unit. Things like 
specific types of bushing terminals, con-
nection boxes, control wiring and protec-
tive devices are but a few of the elements 
of your transformer design that you might 
want to stipulate to ensure compatibility 
with your environment.

A well crafted specification will also allow 
you to compare apples to apples when eva-
luating offers from various manufacturers. 
The best way to avoid unexpected outco-
mes is to be explicit about what you want.

MANUFACTURING

You have now ordered a new unit with a 
proper specification and from a manufac-
turer you feel comfortable with. Well, the 
next step is building the transformer.

So, if a transformer is to last 40 or more ye-
ars of active service, what can you do to give 
it the best chances to do so?

Life extension starts before the transformer 
is even manufactured
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A good manufacturer is made up of many 
small details that add up to a properly 
built and good quality finished transfor-
mer. From the quality of the raw materi-
als, to the expertise and skill of the people 
manufacturing these machines, to the at-
tention to detail on every step of the ma-
nufacturing process, it all counts.

The process of building a transformer is 
complex and hand-labour intensive whe-
re a lot of things can go wrong. In fact, al-
most always something will not go exactly 
as planned. In essence you will want to 
associate with a manufacturer that is not 
shy in acknowledging and correcting the 
issues that will inevitably arise during the 
manufacturing process. When I was wor-
king as a service engineer for a transfor-
mer factory, a client once told me that he 
measured the manufacturer’s quality not 
only by the number of issues they had but 
also by how they responded to them.

In the realm of client to manufacturer 
relations each company will have its own 
preference in how these are handled and I 
do not intend to give you an opinion one 
way or the other. Some customers prefer 
a pre-approval process to select the ma-
nufacturer or manufacturers with whom 
they plan to establish a long term relation-
ship. Others prefer to witness key milesto-
nes at the factory during the manufactu-
ring process like tanking or final testing.

My point is simply that it is in your best in-
terest to ensure that you have a mechanism 
to guarantee that the manufacturing quali-
ty of your transformer is adequate and the 
final product fulfils with your expectations.

 
INSTALLATION AND 
COMMISSIONING

Most power transformers of a certain 
size and above are like flat-packed fur-
niture - some assembly is required.

The level of assembly required varies 
with the size and manufacturer of the 
transformer. In some cases it is only ne-
cessary to fit a few of the components like 
radiators and conservator tank and then 
“top up” the oil. In other cases a full as-
sembly is required that finishes with the 
vacuum dry-out and hot oil-fill process.

In any case, executing the assembly pro-
cedure according to the manufacturer’s 
recommendations will not only insure 
the unit is put together properly but also 
ensure your warranty is in full effect by 

the time the unit is placed in service.
There are many factors that need to be 
taken care of during the final field as-
sembly of the unit. You would want to 
ensure that a qualified team of techni-

Figure 3: Good quality coils are essential to ensure the longevity of your transformer
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Buying a transformer that simply meets the 
standards is like buying a car only specifying 
that you want it with an engine, a body and 
four wheels.
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Figure 1: Typical transformer life cycle
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Figure 2: Different environments require different specifications

cians perform this assembly. Investing 
in the right service provider at this stage 
will increase your chances to avoid issu-
es like oil leaks or any other type of as-
sembly related malfunctions after ener-
gising the transformer.

It is at this stage in the life of a transfor-
mer that the initial moisture level in the 
insulation system is established. It might 
be tempting to take shortcuts in this 
process. Sometimes the dry-out might 
take days to bring down the moisture to 
acceptable levels (typically 0.5% by dry 
weight). But if you remember from the 
second article in this series, water is one 
of the main catalysts that accelerate the 
ageing processes of the solid insulation 
of the transformer. Saving a few days or 
even a few hours of work at this stage 
has the potential to reduce the life by ye-
ars in the long run. The economy is sim-
ply not there unless you want to operate 
your plant on a very short term basis.

OPERATION AND
MAINTENANCE

Since this stage in the life of a transfor-
mer is the longest (or at least it is sup-
posed to be) much of your attention 
and day-to-day efforts will be spent in 

maintaining the unit in an adequate 
condition.

If I attempted to summarise what I think 
you should focus your preventive main-
tenance efforts on during this period, I 
would point out the following:

- Keep the transformer dry. As we have 
mentioned a few times already, water is 
one of the main ageing accelerating fac-
tors. In order to keep the transformer 
dry, you would want to ensure that the-
re are no oil leaks (if oil can come out, 
moisture can come in). You will want to 
make sure that whatever the oil preser-
vation system is, it is operating as the de-
sign intended. If silica gels are used, they 
should be dry and with enough capacity 
to dry the air that the transformer brea-
thes. If diaphragms are used to separate 
the oil in the conservator tank from the 
ambient air, you want to make sure they 
are in good condition and free of ruptu-
res. If automatic nitrogen equipment is 
used, it should be kept in good working 

order, with sufficient nitrogen in the 
supply and with the regulating system 
always ensuring the adequate positive 
pressure in the nitrogen chamber. In 
summary, ensure that water does not 
find its way into the coils of the unit.

- Keep the oxygen to a minimum. Simi-
lar to the point above, you would want 
to minimise the exposure of the oil to 
oxygen which obviously accelerates the 
oxidation processes in the transformer. 
The same recommendations given abo-
ve to keep the water out of the unit are 
applicable to keep the oxygen out, alt-
hough in some cases, like a conservator 
tank without diaphragm, it is not always 
possible.

- Ensure nominal operating conditions. 
As we also talked about, temperature 
plays a major role in the ageing pro-
cesses. The unit is designed to operate 
within a certain temperature range and 
the more you can do to keep it within 
that range, the better chances you are 
giving the unit for a long useful life. 
Situations like overloading are some-
times unavoidable and in these cases, 
there are clear guidelines available in 
the technical literature to allow you to 
estimate the impact of overloading in 
the life of a particular transformer. On 
maintenance basis, you can help by en-
suring that the cooling system is opera-
ting adequately and that the top oil or 
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at the initial stage has the potential to redu-
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It is in your best interest to ensure that you 
have a mechanism to guarantee that the ma-
nufacturing quality of your transformer is 
adequate and the final product fulfils with 
your expectations.
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winding hot spot temperature has not 
reached alarm levels. If you find that 
this has happened, you need to investi-
gate the root cause so you can address it 
as soon as possible.

Now, what if you are not the person that 
has watched the transformer its entire 
life and you just got handed over a fleet 
of old transformers to maintain? (Hard 
to imagine right?). In this case you are 
in corrective maintenance territory and 
the best course of action, in my opinion, 
would be:

- Establish the condition of each unit in 
your fleet. You have many tools at your 
disposal for this purpose. Try to gather 
as much information as possible on each 
unit and establish an effective informa-
tion storage and retrieval mechanism. 
Include oil analysis history and any other 
test and inspection performed on each 
transformer. This information will allow 
you to establish a preliminary condition 
ranking for each asset in the fleet.

- Once the above has been established, 
you will have a clearer idea of which 
units are priorities and which units can 
wait.

- Depending on the state of each unit, a 
number of actions can be taken in order 
to ameliorate the current condition or 
remove some of the agents that might 
be causing the accelerated ageing.

- The oil can be processed to remove 
water and acids, which contribute to the 
ageing processes.

- If any, more serious, failure modes are 
suspected, these need to be addressed 
on a case by case basis until you have sa-
tisfied the risk management policies of 
your company and you are aware of the 
situation of each unit.

Last but not least, an adequate condi-
tion monitoring programme is essential 
to give you as much reaction time as 
possible if a failure mode starts to affect 
any particular transformer.

The condition monitoring method 
most commonly used is oil sampling 
and analysis. The analysis of the oil is a 

well established technique that allows 
the early detection of incipient failures 
in the transformers.

A suitable condition monitoring strate-
gy will minimise the probability of un-
expected failures occurring and therefo-
re minimise the overall operational risk 
of your transformer fleet.

CONCLUSION

This brings this article series to a con-
clusion. Through the series we dis-
cussed some of the concepts that help 
to understand what transformer life is, 
what determines its duration and what 
actions you can take to extend it as 
much as possible. The topics covered in 
this series are vast and I have inevitably 
had to reduce them to their fundamen-
tal concepts. I hope that in doing so I 
have not made them unintelligible, bo-

ring or too simplistic.

For the readers who are interested, there 
is plenty of literature to consult to be-
come acquainted in depth with each of 
the subjects covered here.

Our industry is a specialised one and it 
is a great privilege to have the opportu-
nity to communicate some of my expe-
riences and ideas to my colleagues and 
friends around the world.

I now will start thinking about an inte-
resting topic for the next article. I hope 
that you have enjoyed reading this series 
as much as I have enjoyed writing it.
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Figure 4: Example of a condition monitoring and maintenance programme

Preventive maintenance efforts should be fo-
cused on keeping the transformer dry, kee-
ping the oxygen to a minimum, and ensuring 
nominal operating conditions.
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