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Abstract-- The paper describes a monitoring system for the 

evaluation of the low sag behavior of the overhead conductors in 
operating lines. The monitoring system measures the conductor 
tension and temperature and it also measures the wind speed to 
evaluate the load in the conductor due to wind. This system 
includes a methodology for the analysis of the measured data and 
the comparison of these data with the theoretical values obtained 
by mechanical calculation.  
 

Index Terms—HTLS conductor, monitoring system, low sag 
characterization, overhead line 

I.  INTRODUCTION 

The conductor replacement by high temperature low sag 
(HTLS) conductors allows increasing the line power flow 
securely and safely without the need to strengthen the towers 
[1]. These conductors work at higher temperatures than the 
conventional conductors and their coefficients of thermal 
expansion (CTE) are lower than the CTE of the conventional 
conductor [2-8]. 

Low sag conductors are based on the conductor behavior 
above the knee-point temperature, where the aluminum is 
slack and only the core is under tension. This occurs due to 
the higher CTE of the aluminum. Hence, above the knee-point 
temperature the behavior of the conductor is based on the CTE 
of the core, which is lower than the CTE of the conductor. For 
this reason, the sag increase with temperature is lower above 
the knee-point temperature (Fig. 1). 
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Fig. 1. Knee-point temperature 
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The tests carried out by the manufacturers do not reproduce 
the actual operation conditions. Therefore, to validate the 
conductor characteristics given by the manufacturer, the 
systems that monitor the conductor in operation are useful.  

The authors have developed a monitoring system for the 
evaluation of the low sag behavior of the overhead 
conductors. The paper describes this system.  

II.  EVALUATION OF HTLS CONDUCTORS IN OPERATION 

One of the main characteristics to be verified in the 
operation of the HTLS conductors is the low sag behavior. 
This is achieved comparing the conductor theoretical tension-
temperature behavior with the measured values. Figure 2 
shows some examples of results that could be obtained. In the 
example a) there is good correspondence between the 
expected theoretical values and the measured ones. In the 
example b) the measured knee-point temperature (70 ºC) is 
higher than the expected one (40 ºC).  
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Fig. 2. Theoretical tension-temperature curve and measured values 

a) Correspondence between theoretical and measured values 
b) Measured knee-point temperature higher than expected 

 

To compare the theoretical values with the measured 
values, the measured tension-temperature curve should 
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represent correctly the actual behavior of the conductor. This 
is not trivial because some factors can distort the curve as it is 
described below. 

In a similar way, the calculated theoretical curve should 
represent correctly the actual behavior of the conductor. For 
this purpose, different sag-tension calculation methods have 
been analyzed so that the method used for the calculation is 
suitable for the characteristics of the conductor.  

There are two types of outdoor testing which are useful for 
the qualification and acceptation of HTLS conductors: the 
outdoor laboratory tests and the operating line tests [9]. In an 
outdoor laboratory test the conductor is at low voltage and the 
injected current can be controlled whereas in an operating line 
test the conductor is at the full line voltage and the current 
through the line depends on the variation of the load. The 
operating line test is useful in evaluating potential installation 
difficulties, corrosion and corona issues under outdoor 
conditions and in testing proposed installation guidelines and 
maintenance rules whereas the outdoor laboratory test is 
useful in measuring the sag, the tension and the conductor 
temperature under sustained high current conditions and 
naturally varying weather conditions.  

Some examples of operating lines tests are shown in [10-
13]. In [10] a project where different types of HTLS 
conductors are installed in several lines is presented. The sag, 
the tension, the current and the weather magnitudes are 
measured every 10 minutes. Besides, the splice resistance, the 
conductor and hardware temperature, the corona, the EMF and 
the visual appearance are evaluated in periodical site visits. 
The vibration is also recorded and downloaded during site 
visits. One of the lines of the project presented in [10] is 
described in [11]. In this case, gap-type and invar core 
conductors are monitored. In [12] an ACCR conductor is 
monitored. The tension and the weather magnitudes are 
measured every 10 minutes. One of the main drawbacks of the 
operating line tests is observed in this case. This is the 
difficulty to obtain high temperature data because of the 
dependence on the line load. In [13], another example of the 
monitoring of an ACCR conductor is shown. In this case, the 
conductor temperature and the weather magnitudes are 
measured. 

Some outdoor laboratory tests carried out for the evaluation 
of the low sag behavior are shown in [14-18]. In [14], the 
knee-point temperature evaluation of an invar core conductor 
is shown. In [15], the tension and the temperature of a gap-
type conductor, the current intensity and the weather 
magnitudes are measured. The obtained CTE above the knee-
point temperature is higher than the theoretical value. In [16], 
the temperature of an ACCR conductor is measured with 25 
thermocouples. The tension and the ambient temperature are 
also measured. In [17], the tension-temperature curve of an 
ACCR conductor is obtained up to 300 ºC. Thermal hysteresis 
of the aluminum is observed. This effect is also observed in 
[18] where the temperature of an ACSR conductor is 
increased in steps to 60, 80, 100, 120, 140 and 150 ºC and 
held at each level for one hour. Then, the temperature is 

decreased with the same steps. Sags with increasing 
temperatures are less than sags with decreasing temperatures. 

Below the main aspects of the developed monitoring 
system for the evaluation of the conductor low sag behavior 
are described. 

III.  THEORETICAL BEHAVIOR 

As it has been mentioned before, the calculated theoretical 
tension-temperature curve should represent correctly the 
actual behavior of the conductor. Thus, the behavior of the 
core and the aluminum as a function of the elastic modulus 
and CTE should be modeled. The knee-point temperature 
where the aluminum gets slack should be modeled too. The 
calculation method used to model the conductor behavior is 
adapted from sag-tension method developed by some of the 
authors taking into account the requirements of the HTLS 
conductors [19,20]. This sag-tension model is simplified for 
the evaluation of the low sag behavior. Thus, the knee-point 
temperature is defined and a different conductor behavior is 
considered above and below this temperature. Below the 
knee-point temperature the conductor area, elastic modulus 
and coefficient of expansion values are taken, and above the 
core values. The creep deformation is assumed to be constant. 
As a result, the parameters included in the sag-tension model 
are the following: 

 Span length: s 

 Conductor weight: ωcon 

 Elastic modulus of the conductor and the core: Econ, 
Ecore 

 Area of the conductor and the core: Acon, Acore 

 Coefficient of expansion of the conductor and the core: 
αcon, αcore  

 Knee-point temperature: θknee 

The model also needs a tension-temperature reference To-
θo. This is obtained from measured values at the beginning of 
the period of analysis.  

The first step is the calculation of the conductor reference 
length Lo, which is the span length at the reference tension To 
and temperature θo. The conductor weight in the reference 
condition is taken into account ωo. This is usually the 
conductor weight ωcon if no overload is present. 
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The next step is the calculation of the tensión Tknee at the 

knee-point temperature θknee. For this purpose, the tension 
value is iterated until the catenary length Lcat and the 
conductor length Lcon have the same values. The conductor 
weight in the knee-point condition is taken into account ωknee. 
This is usually the conductor weight ωcon if no overload is 
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present. The equation (5) assumes that the reference 
temperature θo is lower than the knee-point temperature θknee, 
which is usually the case. 
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Finally, the T tension values are obtained from the θ 

temperature values of the temperature period of the analysis. 
For this purpose, for each temperature value the tension value 
is iterated until the catenary length Lcat and the conductor 
length Lcon have the same values. The conductor weight is 
taken into account ω. This is usually the conductor weight ωcon 
if no overload is present. The conductor length is given by (8) 
if the temperature is below the knee-point temperature and it 
is given by (9) if it is above. The equations (8) and (9) assume 
that the reference temperature θo is lower than the knee-point 
temperature θknee, which is usually the case. 
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IV.  MONITORING SYSTEM  

The developed monitoring system measures the conductor 
tension and temperature and it also measures the wind speed 
to evaluate the conductor load due to wind. 

Figure 3 shows the conductor tension and temperature 
values measured in a line in operation during a whole day. 
The direct relation between the tension and the temperature is 
obvious. The tension value increases when the temperature 
value decreases and vice versa. 
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Fig. 3. Conductor tension and temperature measured in a line in operation 

A.  Monitoring difficulties 

There are some difficulties obtaining the tension-
temperature values that represent the actual behavior of the 
conductor in operation. These are described below. 
    1)  Synchronization of the tension and temperature 
measurements  

The commercial systems that monitor the tension and the 
temperature are separate systems that measure the data 
independently. Hence, the instants that measurements are 
acquired should be synchronized as far as possible.  
    2)  Measurement fluctuations 

When the weather conditions and the current intensity do 
not vary their values the conductor temperature and tension 
values do not change their values either. However, as the 
weather conditions and the current intensity can change 
considerably with time, in this case there are fluctuations in 
the conductor and tension values. Besides, the tension also 
fluctuates due to the conductor vibration caused by the wind. 
    3)  Wind load 

The conductor load increases due to the pressure that the 
wind applies on the conductor surface. Hence, the wind 
changes the conductor tension at a given conductor 
temperature. 

B.  Data processing 

The tension-temperature values that represent the actual 
behavior of the conductor in operation are obtained processing 
the acquired measurements. The synchronization of the 
measurements, the fluctuation of the measurements and the 
effect of the wind are taken into account.  

To minimize the effect of the fluctuations of the measured 
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values, the measurements are valid for the analysis of the 
conductor behavior only if these fluctuations are low. For this 
purpose, the standard deviation of the measurements is 
calculated during a defined period of time and if the deviation 
is below a threshold value the period is valid. If the period is 
valid the mean values of the measurements are calculated and 
the results are recorded in the database of the tension-
temperature values that represent the behavior of the 
conductor. Figure 4 shows the standard deviation of the 
measurements (Fig. 3) during a period of time of 30 minutes. 
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Fig. 4. Standard deviation of the tension and the temperature  

 
Figure 5 shows the tension-temperature values that will be 

part of the database when a threshold value of 0.5 kg is taken 
for the tension standard deviation in the case of the example 
given in Figure 3. When this is applied to longer datasets, the 
obtained values are within a larger range of tension and 
temperature values. 
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Fig. 5. Tension-temperature values for the database 
 

Figure 6 shows the theoretical tension-temperature curve of 
the conductor monitored in the presented example. The values 
obtained for the database in the example (Fig. 5) are also 
included. A correspondence between the theoretical and 
measured values is observed. However, a larger range of 
measured values is needed to obtain conclusions of the 
conductor behavior. 
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Fig. 6. Theoretical and measured tension-temperature values 

 
Figure 7 shows the measurements obtained for several 

months. These values have been obtained using a period of 
time of 40 minutes and different tension deviation threshold 
values (1.5 kg, 0.7 kg and 0.3 kg). Figure 8 shows the number 
of measurements obtained for the different tension deviation 
threshold values. It is observed that the higher the tension 
deviation threshold is, the higher the number of obtained 
measurements. However, the dispersion of the obtained 
measurements is also higher. When the threshold decreases, 
the dispersion is reduced but decreasing the number of 
measurements and the range of the obtained values. Figure 8 
clearly shows how if the threshold decreases its value the 
measurements above 25 ºC are lost. 

Apart from the tension deviation threshold, the value of the 
period also affects the obtained measurements. The longer is 
the period it is more difficult that the deviation is below the 
threshold value. This is shown comparing the Figure 9, where 
the period is 60 minutes and the Figure 7.b) the period is 40 
minutes. In both Figures the tension deviation threshold is 0.7 
kg. If the obtained values are stable for a longer period they 
give a higher confidence. Hence, the measurement quality is 
higher with long periods and low threshold values, but with a 
lower number of measurements and a smaller range of values.  
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Fig. 7. Theoretical and measured tension-temperature values. Period of time: 
40 minutes 

a) Deviation threshold: 1.5 kg 
b) Deviation threshold: 0.7 kg 
c) Deviation threshold: 0.3 kg 
 

 

 
 

 
 

 
 

 
Fig. 8. Number of tension-temperature values. Period of time: 40 minutes 

a) Deviation threshold: 1.5 kg 
b) Deviation threshold: 0.7 kg 
c) Deviation threshold: 0.3 kg 

 
 
 
 

Temperature (ºC) 

Tension (kg) 

a) 

b) 

c) 

Temperature (ºC) 

Temperature (ºC) 

Tension (kg) 

Tension (kg) 

a) 

b) 

c) 



 

 

6

 
Fig. 9. Theoretical and measured tension-temperature values. Period of time: 
60 minutes. Deviation threshold: 0.7 kg 

 
With respect to the evaluation of the conductor, that is to 

say the comparison between the measurements and the 
theoretical curve, a correspondence is observed although there 
are some differences. The measured tension at high 
temperatures is slightly lower than expected. Anyway, before 
obtaining any final conclusion a deeper analysis of the 
measurements could be carried out.  

V.  CONCLUSIONS 

The monitoring system for the characterization of the low 
sag behavior of the overhead conductors developed by the 
authors has been described. This system includes a 
methodology for the analysis of the measured data.  

The sag-tension model used for the evaluation of the low 
sag behavior has been described in detail. The knee-point 
temperature is defined and a different conductor behavior is 
considered above and below this temperature. Below the 
knee-point temperature the conductor parameter values are 
taken, and above the core values. 

The monitoring and the analysis of the measured data have 
also been described. From measurements obtained for several 
months the influence of the period of time and the tension 
deviation threshold has been analyzed. The measurement 
quality is higher with long periods and low threshold values, 
but with a lower number of measurements and a smaller range 
of values. 

Finally, the convenience of a deeper analysis of the 
measurements has been indicated. For example, the influence 
of the wind could be analyzed. 
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