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Fibre optic sensors have improved to the point where direct 
measurement of winding temperature is becoming the preferred 
method for measuring this critical parameter.

When a new transformer is put into service, a temperature rise test is 
done to evaluate the average winding temperature and ensure that it 
is within industry standards. However, temperature of windings is not 
uniform, and the real limiting factor is the hottest portion of the winding, 
called the hot-spot. The hot-spot is located near the top of the winding, 
and thus not accessible for measurement using conventional methods.

The loading capability of power transformers is limited mainly by 
winding temperature. It has been the practice to assess this tempera-
ture from a measurement of oil temperature at the top of the tank, with 
an added value calculated from load current and winding characteristics. 
With more frequent occurrences of overloading, it has been found that 
this simplified approach is not suitable for several types of overload 
and transformer design. In an attempt to close this gap, IEEE and IEC 
loading guides are being revised with more sophisticated models 
aiming at a better representation of oil temperature inside the winding, 
and consideration of variations in winding resistance, oil viscosity and 
oil inertia. Still, direct measurement of winding temperature with fibre 
optic sensors provides a definitive advantage over a value calculated 
from uncertain parameters provided by the manufacturer and uncertain 
equations characterising the cooling pattern.

The temperature of paper insulation dictates the transformer age-
ing. With time and heat, the paper loses its tensile strength and elas-
ticity. Eventually, it becomes brittle and cannot support forces because 
of short-circuits and normal transformer vibrations. This process is ir-
reversible.

Monitoring hot-spot temperatures
Efforts have been made to monitor hot-spot temperatures in order to 
take advantage of the cool ambient temperatures, which extend trans-
former life while offering emergency overloading margins and exploit-
ing market opportunities. The rated hot-spot temperature of modern 
insulation paper is 110°C. Each increase of 7°C doubles the ageing 
acceleration factor. In addition, water trapped in the paper runs the risk 
of forming bubbles at higher temperatures, creating a threat for insu-
lation breakdown. With all this in play, it is no wonder transformer 
owners attempt to monitor hot-spot temperature with the best tools 
available.

Recent IEEE and IEC works have shown that the conventional 
equations used to evaluate hot-spot temperatures are inadequate. In-
deed, these models are based on a number of assumptions that have 
been shown to be incorrect. The changes proposed in the IEEE and 

IEC loading guides indicate that the hot-spot evaluation methods pre-
viously known were inadequate for an accurate assessment of winding 
hot-spot temperatures. The wide use of computers allows for sophis-
ticated calculation methods, but has demonstrated that the quest to 
monitor winding hot-spot temperature is not trivial, and raises further 
doubts about the number of additional values that need to be collected 
to run the calculation. It is no surprise then that the recommended 
practice for the direct measurement of winding temperature for critical 
transformers is via fibre optic sensors.

Recent developments in technology
For nearly 30 years, fibre optic temperature sensors have been availa-
ble for measurement in high voltage transformers. The first units were 
fragile and needed delicate handling during manufacture. In the past 
10 years, though, significant developments have taken place to improve 
their ruggedness and facilitate connection through the tank wall. The 
fibre optic probe on the authors’ company’s T/Guard system consists 
of a 200-micron glass fibre sheathed with a permeable protection 
Teflon tube. This probe is designed to endure manufacturing conditions, 
including kerosene desorption, and long-term immersion in transform-
er oil. The temperature-sensing element is based on the proven GaAs 
technology. An original algorithm is used to extract temperature infor-
mation, providing accurate and reproducible measurements, even when 
probes are interchanged.

The most popular installation method is to insert the sensor in the 
spacer between successive disks. This avoids the delicate task of 
breaking and restoring the conductor insulation. As the spacer prevents 
oil circulation at this location, the temperature gradient in the spacer is 
small. This is illustrated in Figures 1 where we compare temperatures 
from two sensors in contact with the winding and one inserted in the 
spacer below the same winding disk. It can be seen that the temper-
ature measured in the spacer is higher than the measured conductor 
temperature. The installation of the fibre optic probe and the handling 

Transformer winding temperature 
determination
By JN Bérubé and J Aubin, Neoptix and W McDermid, Manitoba Hydro

Modern technologies allow detailed information about the condition of 
machines to be made available at your plant. One area that has developed 
rapidly is that of transformer winding temperature measurement.

Figure 1: Effect of temperature on paper ageing rate. 
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of the long fibres during the manufacturing process to avoid sharp 
bends that could break the fibre, are challenging tasks.

Among the improvements introduced are the temporary spooling 
of the fibre and the simplified through-wall connection. With these, the 
survival rate of fibre optic sensors is approaching 100%.

Overloading capability
Power transformers have inherent overloading margins. The rated 
capacity of a unit is basically the load that will result in internal temper-
atures not exceeding the limits set by industry standard. Loads that 
exceed the nameplate rating involve some risk and accelerated ageing. 
It is generally recognised that the risks associated with overloading can 
be significantly reduced if transformer conditions are closely monitored 
throughout the overload period. Monitoring of hot-spot temperature 
and dissolved gas-in-oil and furan-in-oil offer support to the operator 
when the transformer faces overload conditions.

On-line monitoring of winding temperature can provide a 
dynamic evaluation of insulation degradation and the rela-
tive loss of life can be converted into cost. The cost 
attributed to loss of life needs to be subtracted 
from the apparent benefits achieved from the 
extra load.

Conclusion
Fibre optic sensors have significantly 
improved to the point that direct meas-
urement of winding temperature is 
becoming the preferred method for 
measuring this critical parameter. 
Compatibility of the fragile fibre optic 
sensor with the transformer factory 
environment was a problem in the 
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past but has been resolved with sturdy fibre jackets, proper spooling 
of sensor during factory work, and simplified throughwall connection.

Fibre optic sensors have reached maturity for application in power 
transformers and should become a standard feature for new transform-
ers. Immediate knowledge of winding hot-spot temperature provides 
the necessary confidence to carry through overload occurrences and 
helps reap the full benefit from this asset.

On-line monitoring of winding tempera-
ture can provide a dynamic evaluation of  
insulation degradation and the relative 
loss of life can be converted into cost.


