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Abstract—The paper describes a monitoring system for the
evaluation of the low sag behavior of the overhead conductors.
The monitoring system measures the conductor tension and
temperature. This system includes a methodology for the
analysis of the measured data, and obtains the theoretical
tension-temperature curve that estimates the conductor’s
behavior.

I. INTRODUCTION

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 [3]. 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 [4-7].
In [4] 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 [4] is described in
[6]. In this case, gap-type and invar core conductors are
monitored. In [5] 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 [7], another example of the monitoring of an ACCR
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conductor is shown. In this case, the conductor temperature
and the weather magnitudes are measured.

This paper describes a monitoring system and
methodology for the operating line testing [8] and presents the
results obtained in an operating line test. From the results, a
methodology for defining the tension—temperature curve that
represents the conductor in the operating line test is
developed.

II.  OPERATING LINE TEST

A monitoring system has been installed in an operating
line. The monitoring system measures the conductor tension
and temperature and it also measures the wind speed to
evaluate the conductor load due to wind. The line is a
distribution line of 30 kV with an ACSR conductor (147-
AL1/34-ST1A).

The installed monitoring system (Fig. 1) consists of a
sensor for measuring the conductor surface temperature, an
ultrasonic anemometer for measuring the speed and the
direction of the wind, a load cell for measuring the value of
the mechanical tension of the electrical conductor, a
temperature sensor for measuring the ambient temperature and
a solar radiation sensor that allows measuring the solar
radiation.

III. THEORETICAL BEHAVIOUR
A. Theoretical model

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 [9-11]. This sag-tension
model is simplified for the evaluation of the low sag behavior.
Thus, the knee-point temperature is defined and 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:

e Span length: s
e  Conductor weight: ®¢,

e Elastic modulus of the conductor and the core: E,,,
ECUTC'

e Area of the conductor and the core: A, Acore

e Coefficient of expansion of the conductor and the
COIC: Ocops Ocore

e  Knee-point temperature: Oy

The model also needs a tension-temperature reference 7,
0,. This is obtained from measured values at the beginning of
the period of analysis.

The values of the parameters of the operating line are the
following:

e s=100m

® O,y =0.676 kg/m

o E.,,=8200 kg/mn’, E.,.= 19000 kg/mm’

o A, =181.6 mm’ A, =343 mm’

o 0oy =17.810°°C", oppre = 11.5:10°°C"!

e  The knee-point temperature 0y, is unknown

The tension-temperature reference 7,-0, is 382 kg — 18 °C.
It has been obtained from measured values at the beginning of
the period of analysis.
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Figure 1. Operating line test

There is an uncertainty in the tension-temperature values
given by the model due to the uncertainty in the values of the
parameters and the value of the tension-temperature reference.

According to [12], the nominal value for conductor weight
corresponds to the minimum acceptable weight and the actual
weight typically exceeds the nominal value by 0.2% to 0.6%.
During a conductor’s life, the conductor’s mass typically
increases slightly by tarnishing effects. Also, the weight of a
wet conductor can exceed the dry-weight by 1.5% to 2.5%.
The uncertainties yield a typical sag calculation error of 1% to
2% for even the simplest single span line [12].

IV. MEASURED BEHAVIOUR

Figure 2 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.

The tension-temperature values that represent the actual
behavior of the conductor in operation are obtained processing
the acquired measurements. To minimize the effect of the
fluctuations of the measured 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 3 shows the standard
deviation of the tension measurements (Fig. 2) during a period
of time of 30 minutes.
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Figure 2. Conductor tension and temperature measured in a line in
operation
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Figure 3. Standard deviation of the tension

Figure 4 shows the instantaneous measurements obtained
for several months. The number of values is 131644.
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Figure 4. Instantaneous values

These values have filtered using a period of time of 20
minutes and different tension deviation threshold values (0.5
kg and 1 kg). The results are shown in Figure 5. 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. The solid curve corresponds to the theoretical
behavior.

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. 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.

There are uncertainties in the measured values due to the
errors of the measuring systems. In this test, the accuracy of
the tension measuring system is 0.6 kg and the resolution is
0.615 kg. The accuracy of the temperature measuring system
is 1 °C with a resolution of 0.1 °C.
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Figure 5. Theoretical and measured tension-temperature values.
Period of time: 20 minutes
a)  Deviation threshold: 0.5 kg
b)  Deviation threshold: 1 kg
Many of the obtained tension-temperature values

correspond to consecutive time periods. For example, if
tension-temperature values are obtained from 06:00 to 08:00
with a period of time of 20 minutes and a sampling period of 1
minute, the first value corresponds to the mean value of the
measurements carried out between 06:00 and 06:19 and the
last value to the mean value of the measurements carried out
between 07:41 and 08:00. As a result, there are 101
consecutive values. These values are similar and therefore
they could be grouped in a single value. This value is obtained
calculating the mean value of the consecutive values. Figure 6
shows the result of grouping the values obtained in Figure
5.a). In this example, when the values are grouped, the number
of values is reduced from 28276 in Figure 5.a) to 1778 in
Figure 6.

The number of values that contain or represent each
grouped value is different. A limit with a minimum of
contained values is established in order to eliminate those
groups that represent a low number of values. For example,
Figure 7 shows the result of establishing a minimum number
of 20 represented values. The number of values is reduced
from 1778 in Figure 6 to 363 in Figure 7. As a result, the
dispersion of the values is also reduced.
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The number of values around 15 °C are higher than the
number of values at lower (5 °C) or higher (35 °C) temperature
values. A uniform distribution can be obtained taking only one
value for each defined temperature period. For example, a
temperature period of 1 °C can be chosen and the value with
highest number of grouped values could be taken. The result is
shown in Figure 8.
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Figure 8. Uniform distribution of values

V. CONCLUSIONS

An operating line test for the evaluation of the low sag
behavior of the overhead conductors has been carried out.
From the results, a methodology for defining the
tension—temperature curve that represents the conductor has
been developed.

The measured tension-temperature values show a high
dispersion around the theoretical behavior. To reduce the
dispersion a processing of the measured values is carried out.
Firstly, the tension standard deviation is calculated and only
the measurement periods with a deviation below a threshold
value are taken into account. Secondly, the contiguous values
are grouped. From these values, the groups that represent a
number of values below a given number are removed. Finally,
a uniform distribution is obtained defining uniform
temperature periods and taking one value for each period. This
representative curve is compared with the curve given by the
theoretical model of the conductor.
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