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Dry-Type
Transformer
Protection
and Monitoring
Systems
by Corné Dames

Constant monitoring of transformers
is vital for ensuring a reliable electrical
reticulation network, so any device
that can assist in the protection and
monitoring of the transformer system
is extremely valuable. Monitoring drytype transformers can pose quite a
challenge as there is no oil to test to
determine the condition of the unit.
An out-of-the-box approach is needed
to ensure safe operation, reliability,
and lifetime optimization.
Optical fibre sensors
are used as an online
overheating protection
tool, triggering an
alarm as soon as local
overheating appears.
Combining this with
acoustic emission
partial discharge
monitoring will ensure
the transformer is
reliable and problems
can be identified
almost at the onset.
Once this happens, an
offline analysis of the
transfer functions of
the transformer coils is
done to identify interturn short circuits, or
similar destructions,
that might be the
cause of the local
overheating.
This system is
efficient, cost effective,
and easy to install on
almost all categories of
dry-type transformers.
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Corné Dames is the Managing Director of
Independent Transformer Consultants, always striving to keep on top of new developments and research. She has expertise
as Laboratory Manager in the analysis of
transformer oils and as diagnostician identifying problem areas in transformers, as well
as profiling of transformers according to
available results thus empowering the customer to take preventative steps in maintenance. Corné has vast practical and theoretical knowledge on reliability maintenance
programs. Coming from a strong chemical
background she has insight in all the chemical processes that is part of the transformer
system coupled with technical insight helps
customers optimise their reliability maintenance and electrical asset lifetime.
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Cast coil
transformers
assume the
epoxy resin will
fill all the gaps.

Introduction
Dry-type transformers with epoxy
resin insulation have the advantage
over liquid-filled equipment in that
no environmental precautions are
required. There is almost no fire
hazard associated with epoxy resin
cores. Dry-type transformers also
need less frequent maintenance,
resulting in extremely low
maintenance cost and minimized
downtime. However, the poor
thermal conductivity inside the drytype transformer will accelerate the
aging of the insulation and reduce
its reliable life. Dry-type transformers
are extremely sensitive to different
destructive phenomena due to
the characteristics of their solid
insulation. That’s why it is extremely
important to analyze the remaining
life of the dry-type transformer — to
ensure safe and reliable operation of
the power grid.

Figure 1. The propagation of the acoustic wave

Partial discharge (PD) can be a
reason for failure. Because there
is no insulation medium like oil or
gas present, the effects of partial
discharge in these units are severe
over the long term. Partial discharge
can lead to inter-turn short circuits
resulting in local overheating, which
again enhances the partial discharge
due to the rise in temperature.
Once this chain reaction has started,
the breakdown of the insulation is
unavoidable if it is not picked up
at an early stage. This may cause
loss of production as well as the
transformer.
I will now discuss the different
possibilities for monitoring dry-type
transformers and the introduction of
new systems which can be used to
identify malfunctions at the onset.
Cast resin dry-type transformers are
moisture resistant, anti-flammable,
low noise, and have characteristics
that eliminate hazards to the public.
To raise the power transmission
efficiency, manufacturers usually
step up the voltage, forcing the
transformers’ insulation materials to
bear an even greater electric stress;
in case the insulation performance
deteriorates, a Partial Discharge
(PD) will follow. If a correct diagnosis
cannot be furnished at this time, the
insulation in the high-voltage winding
of a cast-resin dry-type transformer
will break down, consequently
causing breakdown and losses.
When an internal PD occurs, it will
form an acoustic source and emit an
acoustic wave (a mechanical elastic
wave) which will propagate around
the inside of the facility as shown in
Figure 1.

Partial Discharge
Measurements
Cast coil transformers assume the
epoxy resin will fill all the gaps, and
design for epoxy dielectric assumes
that the unit will be airtight. If air
bubbles appear, there will be high
stress and the potential for partial
discharge develop, which may cause
insulation breakdown resulting in
transformer failure.
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Localization
becomes
possible because
the sensors
closest to the PD
source return a
higher voltage
signal on the
sensors in the
localized area.

Figure 2. Functional principle of new
PD detection system
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Figure 2: Functional principle of new PD detection system

The PD measurement is a well-known
quality control tool for the insulation
which has been researched,
investigated, and improved over time.
This gives a highly accurate report of
the state of the insulation. Measuring
PD in dry-type transformers is mainly
done using acoustic, ultrasonic,
and electrical techniques. Acoustic
and ultrasonic measurements are
based on the same principle, but with
differing frequency ranges. These
methods are not sensitive enough,
however, because determination of
the apparent charge is usually not
possible. These tests can only show if
PD activity exits or not.

method also has various practical
limitations and is not accurate and
sensitive enough.

Electrical PD measurement, with
which the apparent charge can be
detected, is preferable because it
allows appraisal on the extent of the
damage inside the insulation. But this

The wave with the highest amplitude,
in this case 7, is closest to the PD
origin. The acoustic sensors can
acquire signals with a frequency
scattering between 30 k to 200 kHz [2].

A new PD detection system, which
allows the determination of the
apparent charge as well as the
localization of the PD origin, needs to
be examined. Sensors are placed on
the surface of the transformers coil,
and the electromagnetic radiation
caused by the partial discharge can
be detected. Localization becomes
possible because the sensors closest
to the PD source return a higher
voltage signal on the sensors in the
localized area.

The cost for this type of online
continuous analysis is quite high and
can in some cases exceed the cost for
a new transformer unit, which makes it
not viable. A solution for this problem
would be to monitor the PD online
at intervals, but this won’t deliver
satisfactory results as PD activities in
the solid insulation can be interrupted
for a certain period. PD phenomena
produces gas due to the destruction
of the insulation material, therefore in
the defect void the pressure increases,
enhancing the breakdown strength
and suppressing temporarily partial
discharges until the gas diffuses
into the solid insulation. After this,
the pressure inside the cavity
decreases, resulting in the reduction
of the breakdown strength and in the
renewed appearance of PD activities.
This cycle continuously repeats itself
until a breakdown appears.

Monitoring
and protection

50

The advantages of the AE
method are:
method can be used to
• This
pinpoint which high-voltage

•
•

winding has a PD source.
It produces fewer false alarms,
which are frequently encountered
by the electrical method due to
oversensitivity.
Since this is related to acoustic
signal processing, the cost for
the latter stage computer’s signal
processing is rather low.

The disadvantages of the
AE method are:
will be added in the
• Fiberglass
resin during the manufacturing

•
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•

process of the high voltage
winding. The fiberglass holds
apparent absorption effect toward
acoustic waves, resulting in severe
attenuation to the propagating
acoustic wave signals inside the
high voltage winding.
The installation of the AE sensor
right on the high voltage winding
surface will set off the windings
discharge phenomenon toward
the AE sensor.
It is not easy to install and replace
the system.
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Overheating Protection

Figure 3. Voltage signals of the
sensors 1 to 7 (scale 1V/10µs)
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Figure 3:

Voltage signals of

the sensors 1 to 7 (scale
1V/10µs)

A Positive Temperature Coefficient
(PTC) fuse is integrated in the
low-voltage coils for signaling a
temperature extension due to an
excessive current. Local overheating
can also appear at the high-voltage
coils due to inter-turn short circuits
caused by the destruction of solid
insulation by partial discharges. The
PTC fuse cannot be used in the highvoltage coils, but it would nonetheless
be useful to monitor the temperature
in the high-voltage coils as this can
offer the possibility to disconnect the
transformer in time to avoid loss of
the unit.
A new fibre optic system with a
sensor and control unit would
be able to process the measured
data and signal an alarm to the
control center of the power supply
station if an overheating appears.
This application is dependent on
the modification of the optical
transmission properties of a fibre
optic cable; thus, the optic sensor
does not cause any electromagnetic
interference or influence the
operation of the transformer in
any way. If a light signal is injected
by an optical transmitter into one

side of the optic sensor, it can be
detected at the opponent end with
an optical receiver as shown in the
figure below. If an extended elevated
temperature arises at the surface of
the fibre optic sensor, the damping
of the light transmission is increased
until a certain temperature limit is
reached, where the light transmission
is interrupted. In this case an alarm is
triggered, and the transformer should
be disconnected. This can also be
automated and controlled by the
protection system, if necessary.
The temperature threshold, at which
an alarm is triggered can be adjusted
over a wide range, from about 80°C
up to 170°C or even higher.

A new fibre
optic system
with a sensor
and control unit
would be able
to process the
measured data
and signal an
alarm to the
control center
of the power
supply station if
an overheating
appears.
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Thermal Modelling of
the Dry-Type Cast-Resin
Transformer
Temperature affects the lifetime
of the transformer insulation.
Variation in winding temperature
affects lifetime of the dry-type
transformer. Load current, outdoor
temperature, and atmospheric
conditions affect the temperature
of the insulation.
The hot spot in cast resin
transformers is situated 10-15%
lower than the winding top point.
Altitude also impacts the thermal
stress on the transformer —
maximum operation altitude was
found to be 1,000 m at 40°C with
relative air density identified as a
crucial operation influencer.
It was found that 10% transformer
overload will accelerate the aging
rate of cast-resin transformer, with
insulation class of 180°C, to 13 times
greater than the normal rate. In the
same transformer, decreasing the
current load by 10% of the rated value
will decrease the aging rate to 7%
of rated aging rate, from 1 [h/h] to
0.07 [h/h].
It was found that the impact of
ambient temperature was less
of an influence on the aging rate
in comparison to load factor. For
the same class of transformer, an
ambient temperature increase of
10°C will lead to an aging rate of
transformer that is three times

greater than the rate value. A 10°C
decrease in ambient temperature
transformer aging is reduced
from 1 [h/h] to almost 0.3 [h/h] [3].
The largest impact was made by
load currents, but the atmospheric
conditions and ambient temperature
also have considerable impact on the
transformer. Dry-type transformers
are more sensitive to operating
conditions than oil immersed
transformers [4].

Overheating Alarm Analysis
If an alarm is triggered by the
overheating protection system, it
is necessary to check whether the
overheating was caused by a winding
short or another reason. The fibre
optic sensor must not show any
deformations at the local hot spot,
overwise all coils need to be inspected
for inter-turn short circuits.

Conclusion
In light of the fact that the dry-type
transformer industry is growing
very rapidly and taking over a large
market share from the traditional oilfilled units, it has become extremely
important to find accurate means of
picking up on threatening conditions
in the dry-type units. The methods
as described above give industry a
more hands-on approach and greater
dependability regarding the epoxy
resin dry-type transformers. This
ensures a more reliable reticulation
system that can be run with greater

Figure 4. Scheme
of the overheating
protection
system

confidence than used to be the
case previously. As this field is quite
unexplored, I view it as an enormous
field of opportunities to develop new
methods of testing and monitoring
these units to ensure growth in the
field of reliability, lifetime
optimization and cost reduction.
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