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ABSTRACT
Nowadays, blackouts or sags of a conductor are threatening the safety and stable run of the power
transmission lines. These phenomena happen due to the environmental conditions which change over the
time, such as aging or temperature variations, precipitation and hotspots of power transmission lines as a
result of extreme weather conditions. A precipitation condition result loses of heat from transmission line.
Besides, the conductor aging and hotspots of a transmission line can lead to the loss of conductor strength,
which may increase the probability of blackouts. All the damage suffers by the transmission line will cause
the service interruption and required high cost to repair. Consequently, appropriate methods are required to
monitor the condition of power transmission lines where the segment of the power transmission line which
requires more repair or reinforcement can be identified early. This research work introduces the new novel to
identify the critical aging segments and the hotspot power transmission lines. This method depends on the
information about the power transmission line and its environment such as temperature variations and
characteristics of the conductors. Besides that, the effect of the weather and radiative parameters on the conductor
temperature are being considered as well in this research. The results in this research work had discovered the
most significant impacts the conductor aging behaviour was conductor temperature. Convection heat loss is more
consequential that radiation heat loss in terms of determination the conductor temperature.
Keywords: Conductor Aging, Emissivity, Hotspots, Radiated Heat Loss, Thermal Rating
The thermal behaviour of a conductor has been
studied in several papers beforehand. One of the
important parameters is current-carrying capacity or
known as thermal rating of a conductor that strongly
affects the performance of the overhead transmission line.
Hence, thermal models were proposed (Roberts et al.,
2008; Pytlak et al., 2009; Yang et al., 2009;
Heckenbergerova et al., 2010a; 2011; Krontiris et al.,
2010; Abu Zarim, 2011) for determining the steady-state
current-carrying capacity of overhead transmission lines.
From the studies, found that the changes in weather have
strongly affected the conductor temperature, especially
the wind parameters which may increase the heat loss
due to convection and thus increasing the thermal ratings

1. INTRODUCTION
The electric transmission system is more complex and
dynamic as compared to the other utility systems. In
composite power transmission systems, the amount of
power from a line at any given moment is depending on
the generation production and transmits, customers’ usage,
the status of other transmission lines and the associated
equipments and even the weather as well. Environment
stress which changing over the time affects the electrical
performances of the transmission lines, such as the
blackouts of a conductor which are threatening the safety
and stable run on the power transmission lines.
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Hence, the heat balance equation takes the form
Equation (2):

of the transmission line. Besides, precipitation also has
major effect on the heat transfer by evaporation. The
results provided by (Pytlak et al., 2009) show that the
thermal rating of a conductor is always higher than the
dry conductor. The values of the radiative parameter also
influence the conductor temperature because they affect
the amount of absorbed solar energy and the amount of
radiant energy emitted from the surface of the conductor
(Michiorri et al., 2010). Furthermore, the current-carrying
capacity of an overhead line conductor is often
determined by the loss of its tensile strength as a result
of cumulative annealing during its planned lifetime.
Thus, the behaviour of thermal aging was computed
through the determination of current-carrying capacity
and also the conductor temperature (Chen et al., 2003;
Massaro and Dusonchet, 2008; Bhuiyan et al., 2010;
Heckenbergerova et al., 2010a; 2010b).
In this study, methodology for evaluating conductor
thermal aging is summarized briefly. The main part of
this study describes a case study that determines
nominal constant load current and the conductor
temperature is calculated based on (IEEE, 2007) and
aging due to the loss of a conductor tensile strength is
estimated at each tower along the transmission line.
Subsequently, the spatial series of a conductor is used for
identification of critical aging segments and localization
of hotspots. The effect of weather conditions and
radiative parameters on conductor temperature and
thermal aging of a conductor is then evaluated.
This study is organized into five sections. Section 2
provides the background information on a conductor
thermal state and aging behaviour. The methodology
being used for evaluation of thermal aging is described
in section 3. A case study involving a sample
transmission line is presented in section 4. The last
section provides major conclusions.

Qs − Qc − Q r − Q w + I 2 R(Tc ) = 0

Where:
Qs
= The heat gained from solar radiation
Qc
= The heat lost into the environment due to
convection
Qr
= The heat lost due to radiation
Qw
= The heat loss due to evaporation
I2R (Tc) = The joule heat gain of the conductor.
The joule heat gain in the conductor depends on the
average temperature of the conductor while the
convection, radiation and evaporation heat losses depend
on the temperature at the surface of the conductor.

2.2. Conductor Aging Behaviour
Conductor aging is an obvious process affecting all
components of electric power transmission systems.
Major factor that causes conductor aging is annealing
which due to high line temperature. Annealing is the
process where the tensile strength of a copper or aluminium
conductor is reduced at the sustained high temperatures.
Although the conductor strength is reduced gradually, the
reduction due to conductor aging, which is accumulated
over time is increasing the probability of blackouts.
The loss of the tensile strength is caused by the
recrystallization process in aluminium strands. It is
operated at elevated temperatures depends on the
temperature and the time duration at that temperature
(Ab-Rahman and Shuhaimi, 2012a; 2012b). Since the
strand conductor used in ACSR is aluminium, the
percent loss of tensile strength of an aluminium
conductor strand is defined as Equation (3):
L Al = 100 − k .t −

2. BACKGROUND

2.1. Calculation of Conductor Thermal Load

(3)

k = 134 − 0.24 ⋅ Tc

The study that outlined by (IEEE, 2007) is referred for
thermal ratings of the conductors. In steady state condition,
the heat balance equation can be expressed in the form
Equation (1):

Equation 1 is only valid in determining the loss of
strength for a single aluminium strand. The total loss of
tensile strength in an ACSR conductor, Lc is determined as
Equation (4):

(1)

For precipitation condition (Pytlak et al., 2009), the
evaporation heat loss is having effect on the conductor.
Science Publications

1.6
(0.001.Tc − 0.095)
0.63 ⋅ r

Where:
r = The strand diameter (mm)
t = The exposure time (hrs)
Tc = The conductor temperature (°C)

In order to evaluate aging of an overhead conductor,
it is required to calculate its thermal load.

Qs − Qc − Q r + I 2 R(T0 ) = 0

(2)

Lc =

341
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S
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•

Where:
S = The total strength of conductor before annealing
S’ = Total strength of conductor after annealing

•

2.3. Current Rating

Lcstd =

Current rating is defined as the maximum amount of
electrical current which a conductor can carry before
sustaining immediate or progressive deterioration
(Hayakawa et al., 2011). The current rating of aluminium
conductors is limited by the conductor’s maximum
operating temperature. In order to avoid the happen of
annealing, calculation of current rating is required to
ensure the current passing through the transmission line
does not cause it to exceed its limits (Silva et al., 2013).
Current rating of a power transmission line depends
on the physical and electrical properties of the material
used in the conductor, ambient temperature and
environmental conditions adjoining to the conductor.
Besides, current rating is computed from Equation 1 and
can be defined as Equation (5):
I=

Q c + Q r − Qs
R (Tc )

Lc

•
•

(7)

A sample of transmission line in Kluang, Johore,
Malaysia has been chosen in this research work. This
transmission line is supported by 77 transmission towers.
The conductor used is Aluminium Conductors Steel
Reinforced (ACSR) conductor “Batang” with outer
diameter 24.16 mm (Industries, 1957) and a measured
nominal current of 600A. The emissivity and solar
absorptively of the conductor are measured corresponding
to a conductor that has been in operation for 20 years, which
are Є = 0.85 and σ = 0.99 respectively (Abu Zarim, 2011).
Weather information about the sample line has been
provided by Meteorological Department, Malaysia (JMM,
1958). The data of information consist of monthly data of
ambient temperature, wind speed and humidity for three
years, from 01/2008 to 12/2010. At first, all the
meteorological variables were used to calculate the
conductor temperature. All the results computed are
illustrated at tower 53.

(5)

Characteristic and material of the conductor such as
the type and size of the conductor used, theirs
location and height above ground
Weather information: Current and historical records
of environment and ambient weather conditions

4.2. Results for Spatial Analysis of Conductor
Thermal Aging

Determination of the conductor temperature using
measured load current and weather data
Determination of cumulative loss of tensile strength
due to annealing, LAI
Determination of the combined loss of tensile
strength, Lc for composite conductor

Two circumstances have to consider in this study,
there is a steady-state condition without considering
precipitation and with considering the precipitation
condition. This is illustrated in Fig. 1 and 2, which
show a frequency histogram of conductor operating
temperatures for the sample transmission tower, over
three-year periods. Besides that, spatial distribution of
conductor thermal aging {LC} is shown in Fig. 3 and
the standardized thermal aging series {Lcstd} with
critical aging segments and hotspots is plotted in Fig. 4.

Determination of the spatial series of conductor
aging, {Lc}, along the power transmission line
Science Publications

≥1

4.1. Case Study

The methodology for partial analysis of conductor
aging is included of the following steps:
•

std

4. RESULTS AND ANALYSIS

The factors above are used to estimate the conductor
aging at each tower along the transmission line. The
methodology for computing conductor aging consists of
following three steps:
•

(6)

Localization of hotspots by finding maxima of each
critical aging segment.

In order to compute the reduction in tensile strength
of the conductor, a number of factors must be
considered. There are:

•

Lc − µ
σ

Determination of critical aging segments along the
line as sets of towers whose loss of strength is greater
than or equal to a given threshold, e.g., Equation (7):

3. METHODOLOGY

•

Computation of the value of mean, µ and standard
deviation, σ, of the series
Standardized of the aging series Equation (6):
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Fig. 1. Temperature frequency histogram for tower 77 over three-year period

Fig. 2. Temperature frequency histogram for tower 77 over three-year period

completed with basic statistical parameters (mean µ =
0.8090 and standard deviation σ = 0.0064). For tower 53,
the total loss of strength of the compound ACSR
conductor is Lc = 0.81% (over the 20 year period).
After determining the loss of tensile strength for 77
towers, critical aging segments and hotspots were localized
using methodology mentioned in section 3. Then,
standardized aging series {Lcstd} is determined. According
to methodology in section 3, the loss of strength is greater
than or equal to a given threshold in order to determine the
aging segments of the transmission line, which is {Lcstd}≥1.
From the graph plotted in Fig. 4, there are nine critical
aging segments in the transmission line. This can be shown
in Table 1. In order to determine the hotspots of the
transmission line, the maxima of the critical aging segments
has been identified according to Table 1.

In the meanwhile, the summary of critical aging
segments and their hotspots with correspondent thermal
aging of sample transmission line is provided in Table 1.

4.3. Analysis for Spatial Analysis of Conductor
Thermal Aging
From Fig. 1 and 2, clearly show that the temperature
of the wet conductor (under precipitation) is lower than
the temperature of the dry conductor.
Since ACSR conductors have steel cores, their
overall loss of tensile strength is substantially reduced.
The ACSR conductor “Batang”, considered for this
study, has 18 aluminium strands with the diameter of
4.78mm and steel core of 7 strands with the diameter of
1.68mm. Thus, loss of tensile strength of aluminium
strands is computed as shown in Fig. 3 which was
Science Publications
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irreversible and also cumulative. In other words, tensile
strength is lost when the conductor achieved high
temperature. When the conductor cools down, tensile
strength does not increase again and when the conductor
temperature becomes high the next time, tensile strength
reduction continues from the previous reduced data that
was caused by earlier exposures extreme high
temperatures.
It clearly shows the temperature of the conductor
decreased regularly as the increases of wind speed as
shown Fig. 6. Thus, the conductor temperature cools
down significantly at high wind speeds. However, the
heat loss due to convection is increases with the
increases of the wind velocity. Hence, current rating
increases also as the convection heat loss increases due
to the increases of wind speed.
The calculation was carried out with constant
conductor characteristics or properties and ambient
temperature and from Fig. 7; it shows that changes in
wind speed only have affected the heat loss due to
convection. For this reason, the heat loss in steady-state
condition increases and thus, rising in thermal rating of
the transmission line which proved in Fig. 8.
In the meanwhile, Fig. 8 shows that current rating is
greatly influenced by wind direction, resulting in the
changes of conductor temperature. However, this
dependence disappears as the wind velocity is reduced to
zero. During the situations in which the wind direction
changes rapidly, the conductor temperature can be
expected to reflect these changes. The actual response of
the conductor temperature will be postponed from the
variations in the weather conditions due to the thermal
capacitance of the conductor. In Malaysia, there are 2
majors of vibration damage on the conductor. They are
Aeolian vibration and sub-conductor oscillation, which
cause by wind parameter (JMM, 1958).
For the analysis of the effect on the precipitation
conditions on conductor temperature, the data used are
taken under precipitation procedure. Typically,
conductors are attached to their support by an insulator
unit which is usually made of wet-process porcelain or
toughened glass with increasing use of glass-reinforced
polymer insulators. Hence, under the rainfall condition, it
wets the porcelain insulator and produces a thin
conductor layer most of the time. Thus, it may reduce the
flashover voltage of the insulators.
By referring the trend line of conductor temperature
in Fig. 10, it clearly shows that the conductor
temperature decrease slowly as the increases in rate of
precipitation.

Table 1. Summary of critical aging segments and their
hotspots with correspondent thermal aging of sample
transmission line
No. of segment Tower
Hotspots
Lcstd (%)
1
18
1.07
2
25-27
27
1.43
3
34
34
1.49
4
39-41
41
1.72
5
49-51
51
1.77
6
53-54
53
1.89
7
59-60
59
1.55
8
65
65
1.36
9
71
1.11

4.4. Results for Environment Effect on
Temperature and Aging Segments of the
Conductor
First of all, the effect of ambient temperature on
conductor temperature is shown in Fig 5. Besides, Fig. 6
shows the effect of wind speed on conductor
temperature. Effect of wind speed on the heat lost and
heat gain of the conductor and the effect of convection
heat loss on thermal rating of transmission line are
illustrated in Fig. 7 and 8 accordingly.
Besides, the direction of wind mainly plays the role
in current rating as shown in Fig. 9. Figure 10 shows the
computation of conductor temperature for the
precipitation conditions. The thermal rating with and
without precipitation which varies with wind speed was
illustrated in Fig. 11.
Clearly in Fig. 12 shown that the effect of ambient
temperature on radiation heat loss. In addition, Fig. 13
shows the effect of radiation on conductor temperature. The
effect of radiative properties of the conductor temperature is
illustrated in Fig. 14 which plots the temperature of a
“Batang” conductor of tower 53 for different values of
emissivity and solar absorptivity for solar conditions.

4.5. Analysis for Environment Effect on
Temperature and Aging Segments of the
Conductor
The temperature of an exposed overhead-line
conductor may depend on few factors. There are wind,
air temperature, the intensity and direction of the
radiation from the sun, the conductor characteristics,
precipitation in the form of rain. By referring the trend
line of the conductor temperature in Fig. 5, the conductor
temperature is increased gradually. There is a loss of
tensile strength when a conductor is exposed to high
ambient temperature. The loss of tensile strength is
Science Publications
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Fig. 3. Spatial distribution of conductor thermal aging{Lc}

Fig. 4. Standardized thermal aging series {Lcstd} with critical aging segments and hotspots

Fig. 5. Conductor temperature of tower 53 against ambient temperature
Science Publications
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Fig. 6. Scatter chart of the conductor temperature against wind speed

Fig. 7. Effect of wind speed on the heat lost and heat gain of the conductor

Fig. 8. Effect of convection heat loss on thermal rating of transmission line
Science Publications
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Fig. 9. Illustration of effect of wind direction on current rating

Fig. 10. Illustration of effect of precipitation on conductor temperature

Fig. 11. Effect of precipitation on thermal rating
Science Publications
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Fig. 12. Effect of ambient temperature on radiation heat loss

Fig. 13. Effect of radiation on conductor temperature

Fig. 14. Illustration of effect of radiative properties on conductor temperature
Science Publications
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It means that the conductor temperature may be brought
down to ambient temperature by the rainfall condition.
However, there is a decrease of the effect of precipitation
rate, which reducing the conductor temperature as the
ambient temperature increases. It means that the
precipitation is expected to have the same temperature as
the surrounding air mass. Thus, warmer precipitation
will not gain as much heat as cooler precipitation, when
the temperature during precipitation is being brought up
to the line temperature prior to evaporation.
Furthermore, thermal rating of a wet conductor is
always higher than the dry conductor, due to the
evaporative cooling for the former (Heckenbergerova et al.,
2011). Thus, the rain has a major effect on the heat
transfer by evaporation. In order to verify this statement,
an analysis was carried out.
From the result in Fig. 11, it is clearly proven that the
thermal rating with considering the rainfall condition has
a higher rating current. When there is a further increase
in wind speed, the amount of precipitation cooling
increases because the moving air mass helps water
evaporate faster from the conductor’s surface, thus
increase the thermal rating current (Ahilan et al., 2009).
The temperature of the conductor then increases also,
which may cause the annealing, resulting in the loss of
tensile strength. Hence, precipitation will affect the heat
transfer from the conductor which increasing the heat
transfer by conduction and evaporation.
Radiation plays a secondary role in establishing the
conductor temperature. For this result shown in Fig.
12, ambient temperature only has been slightly
influenced on the radiated heat loss (less power loss
from the conductor) but the radiated heat loss
increasing as the ambient temperature increases. This
is because the conductors for transmission tower are
exposed at a moderated temperature which in the
range of 24 to 30°C. This can be clearly observed
from Fig. 12 where there is a small amount change in
the linear trend line of radiated heat loss.
When there is an increase in radiated heat loss, the
conductor temperature computed also affected. Figure
13 indicates the graph of radiated heat loss against the
conductor temperature of tower 53 in the transmission
line. Temperature of the conductor is increases rapidly
when there is an increase in radiation heat loss. This
can be clearly observed from the trend line of the
conductor temperature. Hence, the conductor
temperature computed may be brought to elevated
level, which may cause the loss of tensile strength of
the aluminium conductor.
In addition, the radiative parameter in radiation heat
Science Publications

loss much influences the conductor temperature because
they affect the amount of absorbed solar energy and the
amount of radiant energy emitted from the surface of the
conductor and can be observed from Fig. 13. Emissivity
is changing over the time which based on the duration or
period of a conductor that had been energized. In this
study, the emissivity of the conductor used is 0.89 for 77
towers because they have been installed and energized
around 20 years (According to TNB) (Industries, 1957).
The results in Fig. 14 showed that the magnitude of both
α and ∈ have a strong influence on the conductor
temperature with the temperature decreasing for increasing
values of ∈ and decreasing values of σ. Once the conductor
temperature was reduced, it decreases the probability of
annealing which damage the aluminium strand in ASCR
conductor, thus decrease the critical aging segments by
reducing the loss of tensile strength in ASCR conductor.

5. CONCLUSION
This study presents the analysis of spatial thermal
aging of the power transmission line and also the effect
of weather environment on conductor temperature and
thermal aging of the conductor. The methodology used
for analyzed the spatial of conductor aging is based on
the characteristics of transmission conductors and the
weather data. In this study, the most important parameter
that influences the conductor aging behaviour was the
conductor temperature. The increases in conductor
temperature to elevated operating level causing
annealing, resulting in the loss of tensile strength in
aluminium strands of the conductor along the line. Thus,
conductor aging takes place. As a conclusion, the results
show that the convection heat loss more important than the
radiation heat loss in determining the conductor
temperature. The wind velocity and direction are the two
most important factors which specify the convection from
the surface of the conductor. Therefore, data for the wind
velocity and direction at the line location is necessary to
predict the conductor temperature accurately.
The limitation of this research work is the weather
environment. The main reason for specifying this as a
limitation is because Malaysia is a tropical country and
hence there are no seasons in Malaysia. Therefore, the
results are just mainly focus on 2 conditions which are
considering the precipitation and without precipitation.
Further extension of the current study will
concentrate on the analysis of spatial distribution of
thermal aging by using others parameters such as
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environmental parameters and loads information as well.
Environmental parameters will more focus on the route
of the transmission line in terms of latitude and
longitude, evaluation above the sea level and its height
above the ground. Moreover, the loads information can
be achieved from historical records collected by
Supervisory Control And Data-Acquisition (SCADA)
system. These extensions will provide more
comprehensive information on hotspots and critical
aging segments within the transmission corridor for the
local transmission operators.
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