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SUMMARY 
 
Power system owners are facing major challenges with changed electricity consumption and 
production patterns; more distributed generation and increased demand of cost efficiency 
while maintaining high reliability. Today, the capacity of power components often is set with 
static limits based on simulations of worst case scenarios. This leads to a discrepancy between 
the actually-available capacity and the rating itself which unfortunately is left unused. The 
approach of dynamic rating implies that the capacity of a component is dynamically varying 
as a function of external parameters such as weather, load history and diagnostic indicators. 
 
Svenska kraftnät (Swedish national grid) has installed temperature sensors with the purpose of 
developing condition monitoring methods in another research project. Within this project, the 
same infrastructure can perhaps be used to also evaluate dynamic rating algorithms of power 
lines or to develop new algorithms regarding e.g. disconnectors. Also the thermal modelling 
in that project can be reused. This paper hence exemplifies the possibility to get more 
applications without additional costly and complicated investments. The aim of the paper is 
hence to show on future research possibilities and bring ideas to discussion.  
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1. INTRODUCTION 
Today we see a trend towards more methods for diagnostic measurements on component 
level. We see these methods on research level and implemented in the industry. This is driven 
by an increased interest towards asset performance and cheaper measurements and data 
handling. The problem is that in many cases the information on component level is difficult to 
use for asset performance and hence we see measurements disconnected from their main 
purpose. Simply put we see the diagnostic measures used for decisions on component level, 
maximizing component performance towards the specific diagnostic measurement, neglecting 
other failure modes and system performance. Furthermore many of the measurements require 
the equipment to go offline. This does in itself pose a problem, in that it i) introduces the risk 
of faulty handling in the disconnection and reconnection ii) the component is unavailable for 
the system during the measurement, decreasing system performance. The second point might 
seem as a weak argument, but in systems with a high demand for availability, built on highly 
reliable components, this does in itself constitute a significant performance decrease. These 
problems also exist for online equipment that needs a disconnected primary component for 
installation and/or maintenance with the further problem of potential failures affecting the 
function the measured primary apparatus or apparatus and components in its vicinity.   
 
To conclude; measurement techniques that a) can be installed on live equipment, b) doesn’t 
have any probable failure mode that will fail the measured component c) measures 
continuously d) measures a value with a clear connection to failures becomes very interesting. 
One such measurement technique is the IR (infrared) sensor, developed on behalf of Svenska 
Kraftnät. It can be placed in a holder, which is fixed on a flat surface by a double adhesive 
tape on equipment in use by an isolated pole. The sensor contains a battery, which should last 
at least five years, and it transmits the measurements to a receiver at the substation. In [1], the 
IR sensor is used for diagnostic purposes of disconnectors, in this paper we outline the 
potential use of the same type of device, or similar, for extended purposes, such as dynamic 
rating. 
 
The aim of this paper is to show on how to use existing data sources and power equipment for 
more uses than originally intended, this is done via the applied example of dynamic rating. 
Hence we summarize identified potentials of dynamic rating and bring to discussions ideas of 
future work regarding: 1) evaluate existing dynamic rating models and 2) develop a dynamic 
rating model of power disconnectors. 
 

2. DYNAMIC RATING 

Power system owners are facing major challenges with changed electricity consumption and 
production patterns; more distributed generation and increased demand of cost efficiency 
while maintaining high reliability. Today, the capacity of power components often is set with 
static limits based on simulations of worst case scenarios. This leads to a discrepancy between 
the actually-available capacity and the rating itself which unfortunately is left unused. The 
approach of dynamic rating implies that the capacity of a component is dynamically varying 
as a function of external parameters such as weather (e.g. temperature), load history and 
diagnostic indicators [2]. 
 
Dynamic rating can be based on live measurement sensors of the involved component, 
sensors close to the actual system part, real time weather data and/or forecasts at a weather 
station as close as possible, seasonal worst case etc. Hence, the example presented in this 



 
 
 

  3 
 

paper the sensors can be used both regarding the actual disconnectors, but also nearby system 
components such as transformers and power lines. Measurements as accurate and close to the 
component as possible give on the one hand better estimations, but on the other hand more 
expensive (both to install and to handle a lot of information). A lot of research has been 
published regarding dynamic rating of power lines which is directly affected by several 
weather parameters [3] [4] [5], but also on power transformers which is an expensive and 
important component; for example ABB has developed embedded dynamic rating sensors 
algorithms in power transformers [6]. There is also a large interest to investigate dynamic 
rating of underground cables, but compared with power lines the impact from outdoor 
temperature is more complex [2]. There has not been as much research interest regarding 
other components such as disconnectors. 
 
Power system owners are fully responsible regarding system performance. Dynamic rating is 
a way to better utilize existing system resources at iso-risk. By investment in information 
(typically information on temperature) safety margins can be kept at higher loads under 
certain circumstances. To be on the safe side, to trust the potential and to take an active 
decision to invest less demands that such decisions rest on solid theoretic grounds. This 
motivates more research on risks and economic benefits. Some dynamic rating is already 
implemented on a limited scale today. For example it is common to have different seasonal 
ratings.  
 
There are a lot of interesting correlations between production or consumption and weather 
parameters. In the Nordic countries, low temperature correlates with high power demand [7], 
but also with high transfer capacity in power systems if dynamic rating is used. Another 
positive correlation is connection of wind power, where high wind speed correlates with both 
high transfer capacity and high production [2]. This means that the implementation of 
dynamic rating in some cases can facilitate wind power integration.     
 

 
Figure 1 – Example of dynamic line rating as a function of temperature 
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Figure 1 illustrates an example of how the transfer capacity of overhead line is affected by 
outdoor temperature ideally. Note these figures are only an example and will vary with 
conductor area, maximum conductor temperature allowed and worst case outdoor temperature 
used to calculate the static rating. The temperature impact on power lines can approximately 
be describe as a the following function: 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡1 ∗ 𝛥𝑇0.5, where ΔT is the difference 
between maximum conductor temperature allowed and actual outdoor temperature.  
 

 
Figure 2 – Example of dynamic line rating as a function of wind speed 

 
 Figure 2 illustrates an example how the transfer capacity of overhead line is affected by wind 
speed ideally. The wind speed impact on power lines can approximately be described as the 
following function: 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡2 ∗ 𝑣0.3 (or 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡3 ∗ 𝑣0.26 for low wind speeds), where v 
[m/s] is the wind speed. The worst case is assumed to be 0.5 m/s and if the wind speed is 
≤0.5 m/s, the capacity is assumed to be equal to 100 %.   
 
The discussed measurement technique might, due to radio range, only be used close to a 
station, i.e. on the outgoing line, within the station. The obvious drawback is that the 
measured point by certainty can be said to not be the hottest spot of the line in all conditions. 
Nevertheless, several uncertain parameters can be removed from the estimate of the hottest 
span and the limit adjusted accordingly. I.e. a model built on local measurement of a line 
needs to take into account shifting environmental effects on the line over its length (could it 
rain at the measured spot while sunny at other spans?) While a metrological model needs to 
take this into account as well as models of the line itself, adding more potential modelling 
faults and hence calling for more margins. But the more margins (e.g. reducing the weather 
input by scale parameters) that is needed to be on the safe side, the more the effectiveness of 
dynamic rating is reduced.   
 

3. SENSORS INSTALLED 

Svenska kraftnät (Swedish national grid) has installed temperature sensors (see Figure 3) with 
the purpose of developing condition monitoring methods in a research project. Within the 
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suggested study, the same infrastructure can possibly be used to also evaluate dynamic rating 
algorithms of power lines. Already developed thermal modelling can be reused. This paper 
hence exemplifies the possibility to get more applications without additional costly and 
complicated investments at limited development efforts. 
 

  
Figure 3 – Part of a disconnector with an IR sensor at the arrow. Photo: Svenska kraftnät 

The temperature sensors capture the infrared radiation and calculate the temperature. They are 
powered by a battery and transmit the temperatures by radio to a base station at the substation. 
There are also reference sensors (see Figure 4 that illustrates the locations of the sensors), 
which are not in contact with conductors. They provide the outdoor temperature (sometimes on a 
heated box). 
 
Within this project, the same infrastructure can perhaps be used to also evaluate dynamic rating 
algorithms of power lines. The sensor at the substation can be used. Also sensors can be placed on 
the overhead lines going to the substation, enough close for the data transmission to work. It is 
also possible to dynamically rate the disconnectors. Furthermore, the thermal modelling in that 
project can be reused. 
 

 
Figure 4 – Placement of the sensors at the disconnectors (squares) and one reference sensor (3*3 + 1) 
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The IR sensors measure the temperature every eight minutes. Since the temperature of a 
contact is strongly correlated to its resistance, these measurements give the condition of the 
contact.   
 
4. IDEA ON HOW TO USE TEMPRATURE SENSORS  

4.1 Evaluate existing dynamic rating models 
The current placement of the IR sensors, with one reference sensor at each substation to 
measure the outdoor temperature, can be used to get more temperature data than what is 
available through the SMHI meteorological network. The IR sensors can also be placed on 
overhead lines sufficiently close to the substations, in order to get temperature data from the 
lines and evaluate existing dynamic rating models of power lines. 

4.2 Idea on development of a dynamic rating model for disconnectors 
On a long time period we have data regarding: 

• Component temperature 
• Outdoor temperature 
• Current through the component 

 
By processing all these statistics a dynamic rating model regarding disconnectors can be 
developed. A hypothesis is that the impact is quite similar as regarding power lines 
(𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 ∗ 𝛥𝑇0.5, see chapter 2). If weather statistics from a weather station in the same 
parts of Sweden is used instead of live measurements, that results can be compared with 
results when using installed sensors to evaluate how much better it is to have live sensors 
compared with the cheaper alternative; common weather data are free to use in Sweden. 
 
A step further would be to also include wind speed in the modelling, either by using existing 
measurements at a nearby weather station or to install new wind sensors at the actual 
substation.      
 

5. CONCLUSION 

There are several interesting similarities between the condition monitoring of electric contacts 
in disconnectors and the dynamic rating of overhead lines. The same kind of sensors of wind 
and temperature can be used, as well as the experiences of thermal modelling can be shared.  
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