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Large Power Transformers
Operation, Protection & Maintenance

This document contains a discussion on the typical hazards, protection 
measures, and maintenance routines associated with the operation of 
large power transformers.

Introduction

A transformer is a device that transfers 
electrical energy from one circuit to 
another through inductively coupled 
conductors – the transformer’s coils.

The first AC power system that used 
the modern transformer was in Great 
Barrington, Massachusetts in 1886. 
Earlier forms of the transformer were 
used in Austro-Hungary 1878–1880s 
and 1882 onward in England. Lucien 
Gaulard (Frenchman) used his AC  
system for the revolutionary Lanzo 
to Turin electrical exposition in 1884 
(Northern Italy). In 1891 mastermind 
Mikhail Dobrovsky designed and 
demonstrated his 3 phase transformers 
in the Electro-Technical Exposition 
at Frankfurt, Germany.

How Transformers Work

A transformer is an electrical device 
which, by the principles of electro-
magnetic induction, transfers electrical 
energy from one electric circuit 
to another, without changing the 
frequency. 

The energy transfer usually takes place 
with a change of voltage and current 
(amps). Transformers either increases 
or decreases AC voltage. 

Transformers are used to meet a wide 
variety of needs. Some transformers 
can be several stories high, like the type 
found at a generating station or small 
enough to hold in your hand, which 
might be used with the charging cradle 
for a video camera.

No matter what the shape or size, a 
transformers purpose remains the same: 
transforming electrical power from one 
type to another.

It is important to remember that 
transformers do not generate electrical 
power; they transfer electrical power 
from one AC circuit to another using 
magnetic coupling.

The core of the transformer is used to 
provide a controlled path for the magnetic 
flux generated in the transformer by the 
current flowing through the windings, 
which are also known as coils.

Np = Number of turns of the primary coil 
Ns = Number of turns of the second coil 
Vp = Input Voltage or Primary Voltage 
Vs = Output voltage or secondary Voltage

Source: hyperphysics.phy-astr.gsu.edu
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Vs < Vp                        Ns < Np

Step-down transformer

Vs > Vp                        Ns > Np

Step-up transformer

http://hyperphysics.phy-astr.gsu.edu


Why Worry About Transformers?

Lead Time and aging
• A transformer’s life expectancy is 

about 40 years. Beyond this age, 
failure rates begin to increase 
regardless of the care it has received. 
Still, there are transformers out there 
that have gone far beyond this age 
and are still functioning. A lack of 
maintenance and/or consistently 
overloading the unit will further 
reduce the life expectancy of a 
transformer. Good judgement is 
required when determining the 
“Technical age” of each transformer. 
A Furan Test is recommended.

• Large power transformers are the 
most significant element in our 
transmission system assets and are 
a major concern to every electric utility. 
Replacement of the aging equipment 
will involve a considerable amount 
of time and expense.

• Repair/rewind times for a large utility 
transformer average 1–2 years.

• In 2019, the average lead time between 
a customer’s LPT (large power transformer) 
order and the date of delivery ranged 
from five to 12 months for domestic 
producers and six to 16 months for 
producers outside the United States. 
However, this lead time could extend 
beyond 20 months.

Business Interruption Exposures
• Repair or replacement of a power 

transformer will require 12 to 24 
months.

• If a spare is available, replacement 
of the affected unit can still take a 
couple of weeks to a month or more 
depending on where the spare is 
located (transportation issues), whether 
the bus connections are the same as 
on the affected unit and any problems 
involved in removing the old unit and 
moving the new transformer into 
position. The time for transformer’s 
installation may vary depending on 
where and under what conditions the 
transformer is installed (i.e., cities, 
mining, inside caves, underground, etc.).

• One must consider the realistic 
availability of the spare when deciding 
if it can be used to shorten the BI 
exposure. Is it a shared spare that 
may be in service elsewhere when it 
is needed, or is it a dedicated spare for 
use onsite only? Is it owned by a third 
party and part of a contingency plan? 
Good judgement will be needed.

• Damage to surrounding equipment 
may also extend the time it takes to 
return to service. Property damage 
can be also expected if no physical 
separation or adequate fire protection 
in place for the large transformers.

Fixed Fire Protection
• When required space separation 

distances cannot be met and fire 
barriers are not provided, automatic 
water spray systems should be 
installed on the transformer per 
NFPA 850, Recommended Practice 
for Fire Protection for Electric 
Generating Plants and High Voltage 
Direct Current Converter Stations.

Physical Separation
• Physical separation can be provided 

by physical distance, firewalls or a 
combination of the two. Refer to NFPA 
850 – Recommended Practice for 
Fire Protection for Electric Generating 
Plants and High Voltage Direct Current 
Converter Stations, Chapter 5 or 
equivalent standard for suggested 
configurations.

Property Protection
• Fixed, automatic sprinkler protection 

is only meant to provide protection to 
what is located around the transformer, 
not the transformer itself, since it’s 
already a complete loss if it’s on fire. 
Physical separation and containment 
are the most important elements in 
transformer property protection for  
this reason.



Containment
• Spill containment should be provided 

when accidental release of the 
transformer fluid could expose a main 
building or adjacent equipment or 
storage. The environmental impact 
should also be taken in consideration 
(Near streams, water bodies, river, 
etc.). Design containment systems in 
accordance with NFPA 850, Chapter 
7 of IEEE STD 980-1994 (Guide for 
Containment and Control of Oil Spills 
in Substations, 1995).

Maintenance and Testing
Regular maintenance and testing are vital 
to ensure reliable operation and a normal 
life span of a transformer. The following 
covers the basics of a good transformer 
maintenance program:

• Furan test is used to determine the 
life of a transformer and condition 
of transformer oil. By the Furan analysis, 
we check the condition of paper in 
transformer oil. Furan measures the 
degradation of cellulose paper. The 
degradation materials produce CO and 
CO2 gases. 

• Oil analysis including regular oil 
screening as well as water content and 
gas-in-oil analysis should be completed 
at least annually. Furan analysis is also 
desirable to monitor aging transformers. 
Testing should be performed more 
frequently if operating history, condition 
and criticality of the unit warrants it. 
Refer to IEEE C57.104.

 — DGA – Dissolved gas analysis
 — Fluid Screening 
(includes the following)

 — Color
 — Dielectric breakdown strength
 — Moisture
 — Power factor
 — Interfacial tension
 — Neutralization number
 — Inhibitor content 
(only for inhibited oils)

 — Furan analysis 

• Testing for corrosive Sulphur in 
transformers built in 2000 or later 
or have recently had their oil processed 
or replaced and the replacement oil 
has not been tested for corrosive 
Sulphur. Transformers that meet the 
following conditions should have 
corrosive Sulphur testing performed:

 — The transformer fluid is a mineral oil
 — The mineral oil is an uninhibited type
 — The oil preservation system 
is sealed (not free breathing)

 — The transformer has a high 
sustained load factor

 — The transformer is operating 
in a hot climate

 — The transformer windings 
are bare copper 

• These conditions put a transformer 
at the highest risk of failure due to 
corrosive Sulphur contamination.

• Every five years cycle perform the 
following electrical tests:

 — Relay testing and calibration.
 — Insulation resistance testing – 
Measures the winding to winding 
and winding to ground insulation 
resistance. 

 — Power factor testing – Measures the 
power factor and capacitance of the 
transformer and high voltage 
capacitive bushings

 — Buchholz testing. The Buchholz relay 
can be defined as a device which 
is utilized for the protection against 
certain dangers in electrical 
transformers of ratings over 500kVA.
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Contact 
If you would like to find out more about  
this or other technical matter associated 
with loss prevention and control, contact 
our Risk Engineering Services team.
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