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1  The function of transformers

Transformers are among the most important components in the distri-
bution of electrical energy.

They are used for “stepping up” or “stepping down” alternating current
(and three-phase current) to high or low voltages.

A high voltage is needed for long-distance power transmission in order
to minimise the relative voltage losses.

At the point of consumption, a “low” voltage is easier to handle and
suitable for electric machines and appliances.

2  Design and operation

All transformers are based on the same principle. Alternating current is
fed into one or more coils, the primary winding. The varying magnetic
flux that is thus created induces an electrical current in a second coil
system to which it was made to pass, the secondary winding.

The ratio between the voltages in the primary and secondary windings
corresponds with the ratio between the number of turns. If the number
of turns is in a ratio of 2:1, for example, the voltage is doubled, and
inversely the current is reduced by half.

1  The transformer principle.

The voltage can be increased or reduced by the windings having a different

number of turns.
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In order to obtain a maximum concentration of the magnetic flux, the
coils of the primary and secondary windings are mounted on the same
laminated iron core.

The windings must be insulated from one another and  securely
attached and supported mechanically owing to the magnetic forces gen-
erated during operations. Ventilation slits provide for sufficient cooling.

There are many types of transformer design. In dry-type transformers,
the windings are embedded in cast resin or polyester. This type of
design is often encountered in transformers at the lower end of the out-
put scale which do not need so much cooling.

In oil-filled transformers the wires are wrapped with a special insulating
paper and the coils are arranged together with the iron core in a trans-
former tank filled with oil. Owing to the very good insulating and cool-
ing properties of oil, this technique is more often used in transformers
of the medium and high output classes. The oil is circulated during oper-
ations and is re-cooled by radiators.

3  Loss potential 

Unlike turbines and engines, transformers do not have any moving
parts. At first sight, this would suggest that they have a low loss poten-
tial. In fact, however, they are very exposed to loss and damage because
of the high voltages and currents involved and the frequently large fire
load.

2  Three-phase transformer.
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Time and again, and recently too, there have been spectacular major
losses involving transformers. The loss amounts were large not only
because of the considerable value of the damaged or destroyed
transformers but in many cases also because of substantial
consequential losses caused by burning oil after explosions.

The following description of the most important protection devices for
large transformers gives a clear indication of the hazards involved.

4  Protection devices for large transformers 

A distinction is made between protection devices that are passive – i.e.
ones that have no controls of their own – and those that are active. In
the event of irregular operating conditions, active protection devices
respond by taking control in some way, such as by cutting off the trans-
former from the mains.

4.1  Passive protection devices 

Lightning protection ropes or rods
The transformer and any overhead lines that may be connected must be
protected against lightning. To this end, ropes or rods of highly conduct-
ive metal are mounted above the switching station and on the towers of
the overhead lines.

Earthing
In order to ensure that lightning striking the lightning protection rope
can be transmitted into the earth via the lattice towers without causing
any consequential damage (e.g. a flashover in the conductor ropes and

transmission to the transformer), attention must be paid to earthing the
tower foundations properly.

Arresters
The level of overvoltage generated by lightning or switching operations
can be limited by arresters. These are usually of zinc oxide and are also
called varistors. They should be installed
– at the interface between the switching station and the overhead line,
– as close as possible to the terminals of the transformer, and
– at the neutral point of the transformer if this is not earthed.

Current-limiting reactors
Current-limiting reactors limit the short-circuit current and are usually
installed at the interface between the overhead line and the switching
station. They are often designed for only one or two phases since this is
sufficient to limit the consequences of the worst case, a three-phase
short circuit.

Dehumidifiers
Transformer oil is needed for use in a wide range of temperatures, vary-
ing from an ambient temperature of –20°C in winter to +100°C during
full load operations in summer. Differences in the oil volume caused by
changing temperatures are compensated by the oil conservator. In order
to prevent any over- or underpressure in the conservator, it has an
opening through which air can pass. The purpose of a dehumidifier is to
prevent moisture in the air penetrating the oil and making it lose its
dielectric strength.



Rupture disk
An electrical flashover in the transformer tank will cause a sudden
increase in pressure. In order to prevent the tank wall from bursting, the
tank has a predetermined breaking point in the form of a rupture disk. In
the event of overpressure, the insulating oil can escape in a controlled
way.

Oil sump
To prevent environmental damage and fire spread, transformers are
positioned over an oil baffle tank. The baffle tank is covered with a layer
of gravel so that escaping oil cannot continue burning. As it seeps
through this layer, the oil cools down to below its combustion tempera-
ture.

Fire-protection walls
Between the transformer and other exposed objects, such as other
transformers, fire-protection walls are erected in order to stop fire
spreading.

Safety fence
A sturdy high safety fence around a transformer will protect it against
interference by persons and animals.

4.2  Active protection devices

Out-of-balance protection
If the three phases of a transformer are loaded very asymmetrically,
there is a fault somewhere, and this can lead to local thermal overload-
ing. The out-of-balance protection device analyses the currents of the
three phases and cuts off the transformer from the mains if they exceed
the acceptable tolerance level.

Overload protection
If a transformer is run at a higher current than permitted, the overload
protection device will switch it off after a short time.

Excess temperature protection
There are two systems for monitoring the temperatures in a trans-
former:
– Thermal sensors

A sensor is built into the tank at the point where the temperature is at
its highest.

– Thermal relay
If it is preferable not to build a further piece of apparatus into the tank,
the temperature in the tank can be simulated by a thermal relay. It
analyses the current and voltage readings on the transformer and
calculates the temperature on the basis of the transformer’s dimen-
sions.

If the temperature is too high, the transformer is cut off from the mains.



Buchholz relay (fig. 4)
In the event of an electrical flashover or short circuit in a transformer,
gases are released. These collect in the Buchholz relay, which is located
in the pipe between the tank (7) and the oil conservator (5). The gas
bubbles (6) make the upper float (1) in the relay sink, and this triggers a
warning signal (8). In the event of pressure waves generated by the sud-
den formation of gas, the lower float (2) immediately causes the trans-
former to shut off.

4  Buchholz relay.
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Automatic fire-fighting devices
If the tank bursts owing to the sudden pressure increase caused by a
high-energy internal flashover, it is possible that tonnes of escaping oil
will catch fire. Large transformers are therefore equipped with automatic
fire-fighting devices, usually in the form of deluge systems. When trig-
gered by the fire detection system, they spray large amounts of water
over the tank until the fire is extinguished.

5  Insurance aspects

5.1  Erection all risks insurance 

Transformers are usually completely assembled at the manufacturer’s
and transported in one piece to where they will be operating. All that
needs to be done there is to attach the high-voltage ducts, which extend
upwards relatively far, and possibly feed in the transformer oil. On
account of the very heavy iron core, the transport weight of large trans-
formers is several hundred tonnes. Transportation using special vehicles
on selected roads or rail routes must be planned very carefully and
often takes weeks. For the coverage of the transportation risk a premium
loading must be charged that takes account of such a heavy transporta-
tion.

In areas that are exposed to the hazard of earthquake, transformers
must be anchored in the ground in such a way that they cannot fall over
or roll away during an earthquake. If the exposure is extreme, trans-
formers must be suspended.

5  In the event of a fire, large

amounts of water are sprayed

over the transformer by deluge

systems.



Transformers must be equipped with all the necessary protection
devices, and especially with arresters,  before they go into operation for
the first time.

An essential prerequisite of insurance cover for transformers is a sound
and comprehensive safety concept that is put into practice immediately.

5.2  Machinery insurance

Protection devices must be regularly tested during transformer opera-
tions to make sure that they are fully operational. The quality of the oil
(moisture, ageing) must also be checked regularly.

If arresters are frequently hit by lightning, they must be replaced before
they suffer too much damage from the resulting wear and tear.

For the insurance of transformers we recommend the Munich Re
endorsement 331, (Depreciation adjustment for the rewinding of electric
machines).

5.3  Business interruption insurance

Transformers occupy a central position in the operation of large plants,
regardless of whether this refers to power generators, i.e. power sta-
tions, or to power consumers, e.g. industrial plants. Without transform-
ers it is usually impossible to exchange large amounts of electrical
energy.

6  A power transformer that was

toppled from its concrete foun-

dations during an earthquake.



Repairs are generally time-consuming and must be performed at a quali-
fied repair shop or at the manufacturer’s, which may make a costly
transportation necessary. It is unlikely that a replacement transformer
can be obtained at short notice except in the case of relatively small
plants with standard equipment.

For this reason, transformers require special attention when insuring
loss of profits due to delays in commissioning or business interruption.

When calculating the premium, the insurer must make a close examina-
tion of how far production would be restricted by a transformer break-
ing down and how long it would take to obtain a replacement.

5.4  Environmental aspects – Third-party liability

The enormous amounts of oil contained in large transformers constitute
a potential risk for the environment, in particular the soil and the
groundwater. 

In the past, frequent use was made of polychlorinated biphenyl (PCB)
instead of oil. When PCB is exposed to high temperatures in a fire, high-
ly toxic furanes and dioxines are produced, so that as far as possible
PCB is no longer used. Nevetheless, there are still many transformers in
operation today that contain PCB.

These aspects should be taken into consideration when assessing the
liability risk.
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