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Important factors to be taken into account to avoid transformer 
failure.

Transformers are critical to the operation of industrial plants and resi-
dential complexes. When a transformer fails, users are frequently faced 
with long replacement time intervals and massive replacement bills. A 
few important factors need to be taken into account to avoid transform-
er failure:
• Transport cost to the transformer repair factory
• Repair or rewinding of the transformer
• Transport cost to the original position
• Reconnection
• Commissioning of the repaired transformer

When a transformer fails, the factory or the residence has to find 
alternative energy from other sources, such as generators. This trans-
lates into high and unforeseen expenses that are not always covered 
by insurance. Sometimes, there are no other options and the electric-
ity cannot be restored. It is thus very important to maintain the trans-
formers properly and one must, therefore, be aware of some intrinsic 
facts about transformers and, in particular, the need for protection 
devices to extend their useful life cycle.

This article considers two protection relays that will extend the life 
of a transformer.

Two protection relays
The first is the Transformer Inrush Limiter Relay (TRIM) which extends 
the life of transformers by protecting them from transients emanating 
from frequent switching effects, under conditions such as load  
shedding.

The second is the AZT relay for ‘unmanned’ or remote transform-
ers where maintenance is challenging because of under-qualified staff 
or the effects of ‘copper theft’.

In these situations, the relay switches off the main breaker when 
the normal substation protection is unable to fulfil this role. This will 
avert the transformer burn-out that normally happens when the pro-
tection is impaired and the transformer is feeding into an earth fault or 
overcurrent. The back-up relay can also stand on its own and operate 
as the main relay protection in this case.

Both relays are operational in many European countries including 
Germany, Austria, and Hungary. In certain countries, the back-up relay 
is mandatory because of environmental or safety regulations. 

Transformer Inrush Limited Relay
Transformer inrush is defined as the currents that are generated when 
a transformer breaker energises a transformer at an instant where the 
residual flux in the transformer is not matched in all the phases. But it 
remains a field which is often ill understood. Some solutions have been 
mooted, such as switching at the zero crossing time, but Eskom [1] 
does not support this. Other solutions invoke the use of double har-

monic blocking (which is achieved when a breaker has been pro-
grammed not to trip when harmonic currents would normally trip the 
current) but in this instance, all that is achieved is that the breaker will 
be closed during the inrush event and the full inrush current will go 
through the transformer without any mitigation.

When transformers are switched off and on again an inrush current 
is inevitable. This causes a series of mechanical stresses to the core 
of the transformer that are damaging in the short term, depending on 
the size of the transformer. The windings around the core will likewise 
be affected and will experience severe stressing. The danger is that 
the copper or aluminium could become elongated and this is conducive 
to the eventual formation of hot-spots in the windings in the long term. 
The paper insulation of the windings will also be affected and, because 
the winding is stressed, pieces of paper may loosen and fall into the 
oil. The wedges around the core and pieces of wood or plastic may 
l ikewise fall into the oil. The cumulative effect of this is  
the possible clogging up of the cooling ducts in the transformer,  
creating hot-spots that will seriously affect the transformer lifespan. 
Should the LV breaker be closed during the inrush current, it will  
probably create damage in the downstream plant and could play havoc 
with electronic loads such as computers and negatively influence the 
lifespan of chokes, capacitors, UPSs, VSDs, rectifiers and the like. The 
inrush current creates a host of negative effects and it is important to 
reduce these.

A study undertaken by Eskom, published in 2008 [1], shows that 
switching the transformer at zero or maximum voltage will result in 
some form of inrush current. Any residual magnetism remaining in the 
core after de-energising the transformer will influence inrush currents 
as it can drive the core into saturation when energising the transform-
er. This can become a problem with more modern circuit breakers, ie 
non-oil filled breakers.

The influence of inrush current phenomena is directly proportional 
to the MVA size of the transformer. The bigger the transformer, the 
larger the effects will be. Magnetic improvements in core steel and 
thinner core steel improve transformer efficiencies and lower the Eddy 
currents, but increase inrush current effects.

How to eliminate the effects
The key is to try to eliminate the remnant magnetism in the transform-
er core. Theoretically, this can be achieved by opening the transformer 
and reducing to zero the remnant magnetism by heating the core, by 
repeated chocks to the core, by nuclear radiation or by using a magnet 
with the opposed magnetic field. All these are non-workable solutions. 
The problem was posed to Budapest University’s Dr Petri Kornel, who 
solved it by pointing out that there are no inrush current effects at the 
point where the breaker closes at the intersection of the residual flux 
in the core with 50 or 60 Hz voltage. The challenge is to determine 
these parameters with a precision of approximately 2 ms. This can be 
achieved with a protection relay called the TRIM. The said intersection 
is shown in Figure 1 - as is a view of the TRIM relay in Figure 2.

Innovative transformer protection relays
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When a transformer fails, it can be spectacular. For repair and refurbish-
ment, it is generally necessary to remove it from site, which is a costly 
exercise. New protection devices play an important role in extending 
transformer life – and limiting the stresses.
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Commissioning
Commissioning is relatively 
easy. The transformer is ener-
gised and the breaker opera-
tion time is simultaneously re-
corded and stored in the relay. 
The transformer is switched off 
and the vanishing voltage is 
recorded in three phases and 
stored in the relay. The integral 
of the flux is the value of the 
remnant magnetism in each 

phase.Therefore, it can be determined when the breaker needs to close 
so that the conditions mentioned are met for zero inrush current effects. 
The TRIM is a modern relay to IEC 61870 [2] standards so can interface 
with other relays of this generation. The relay can be set up and read 
remotely. The parameters for settings up include: vector group, on/off/
bypass, single- or three-pole operation, breaker lag type, voltage cor-
rection parameters. The relay ensures that the transformer life span is 
extended because the negative effects of inrush current are virtually 
eliminated. At the same time, it is possible to determine, via the built-
in fault and event recorders, the correct operation of the relay. This is 
ideal for remote transformers and transformers where low-technical 
operators are present.

Autonomous back-up relay - AZT
The simple autonomous back-up relay is another useful transformer 
protection device.

This is a relatively low cost solution and has the benefit of being 
versatile as a relay in a system or as a standalone relay. When the 
traditional control systems are unable to operate, the relay will clear 
the overcurrent or earth fault and save the transformer from overheat-
ing with subsequent explosion and burn-out, which are bad for the 
environment and worse, could lead to loss of life.

In unmanned or remote substations the following situations are 
quite common:

Figure 2: TRIM relay.
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Figure 1: Intersection of the residual flux in the core.

• Batteries are not maintained or are poorly maintained or sized in-
correctly

• Protection relays are set excessively high to limit the number of 
call-outs

• Copper from control cables or earthing is stolen

Each of these sit-
uations can lead 
to transformer 
burn-out, with the 
subsequent con-
sequence of envi-
ronmental dam-
age or the danger 
of transformer 
explosion. In sev-
eral European countries this relay is mandatory, especially for indoor 
oil transformers and transformers in dense residential areas.

Protection relays are typically situated in the transformer marshal-
ling kiosk and connected to the voltage transformers of the transform-
er to be protected. In this way the relays store enough energy in the 
built-in capacitors to be able to trip the breaker when normal conditions 
of the substation breaker are no longer met. This can occur in any of 
the situations that have been outlined.

The relay is set 5% above optimal conditions in the substation. 
Under normal operational conditions the substation will clear the fault. 
However, under adverse conditions the relay will clear the fault and 
alarm the situation to the substation or remote operator. This will avert 
transformer burn-out and the associated effects on the environment 
and people.

Conclusion
TRIM and AZT relays are useful devices for protecting transformers 
from the damages caused by transformer inrush and the devastating 
effects of transformer burn-out. The main benefit to users will be in 
the confidence that the plant will remain operative and that massive 
unforeseen costs of lost production are minimised while safety of staff 
is greatly increased.
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Figure 3: The low cost and versatile AZT relay.


