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Abstract: Exceeding the electric field’s limit value is not allowed in the vicinity of high-voltage power
lines because of both legal and safety aspects. The design parameters of the line must be chosen so
that such cases do not occur. However, analysis of several operating power lines in Europe found
that the electric field strength in many cases exceeds the legally prescribed limit for the general public.
To illustrate this issue and its importance, field measurement and finite element simulation results of
the low-frequency electric field are presented for an active 400 kV power line. The purpose of this
paper is to offer a new, economical expert system based on dynamic line rating (DLR) that utilizes
the potential of real-time power line monitoring methods. The article describes the expert system’s
strengths and benefits from both technical and financial points of view, highlighting DLR’s potential
for application. With our proposed expert system, it is possible to increase a power line’s safety and
security by ensuring that the electric field does not exceed its limit value. In this way, the authors
demonstrate that DLR has other potential applications in addition to its capacity-increasing effect in
the high voltage grid.

Keywords: dynamic line rating; DLR; overhead lines; electric field; finite element simulation;
field measurement; safety and security

1. Introduction

One of the critical issues for high-voltage power lines is to increase the transmission
capacity of existing infrastructure without compromising the level of operation safety,
reliability and security of supply [1–3]. Dynamic line rating (DLR) is a smart method to
utilize the maximum ampere capacity (ampacity) of transmission lines cost-effectively [4,5].
Most commonly, the so-called static line rating (SLR), a transfer capacity calculated from
the worst-case combination of the environmental parameters, is used. While the significant
advantage of SLR is its simplicity—one ampacity limit value describes the power line for
the entire year—it does not fully utilize the operating infrastructure. DLR is based on
online monitoring of the temperature, load, and environmental parameters in the power
line’s vicinity with sensors and weather stations. Its application ensures the current limit
to be adjusted according to changes in weather parameters so that the transmission line
can always operate close to its maximum temperature state [4–6]. This way, for a dedicated
line, almost 20–30% extra capacity can be reached during most of its operating time [5,6].
The conductor temperature can be measured with line monitoring sensors installed on the
conductor and calculated based on different physical models [7,8]. Any malfunction in
the sensors’ operation can lead to insecure operational states, especially when the safety
reserve for clearance is minimal [9]. In such cases, the application of DLR may result
in critical ground clearance values which, in addition to breaching the legal and safety
requirements, may result in the electric field exceeding its limit value around the phase
conductors [8]. To avoid this and ensure precise operation, the conductor’s inclination
measurement is vital after installing the DLR sensors.

Appl. Sci. 2021, 11, 492. https://doi.org/10.3390/app11020492 https://www.mdpi.com/journal/applsci

https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0003-4728-8905
https://doi.org/10.3390/app11020492
https://doi.org/10.3390/app11020492
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/app11020492
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/2076-3417/11/2/492?type=check_update&version=2


Appl. Sci. 2021, 11, 492 2 of 15

The low-frequency electric and magnetic fields around the overhead lines (OHL)s’
phase conductors are strictly regulated parameters at the national and European Union
levels [10,11]. The electric and magnetic fields’ origin is different, the former being caused
by high field strength, while the latter results from high current density. At a regular opera-
tion frequency (50–60 Hz), these fields’ effect can be examined separately, and different
limit values are in force for each parameter [10,11]. It is essential to mention that in the
case of radiations under 100 kHz, the phenomena are called non-ionizing radiations [10].
This means that for an electric and magnetic field, the defined limit values need to be
provided around the OHL parts all the time.

2. Problem Identification—Materials and Methods

These limits are determined based on the physiological effects of these radiations and
are detailed by the WHO (World Health Organization), ICNIRP (International Commission
on Non-Ionizing Radiation Protection) and also at EU (European Union) level [12,13].
In the case of the electric field, its physiological effects are based on surface charge accu-
mulation. As a discharge occurs, an unpleasant sensation, glare, and nerve contraction
can be felt around or above 10 kV/m electric fields [10,14,15]. A low-frequency magnetic
field can cause stimulation in vision-related nerves and affect mood, perception, and sleep.
The long-term physiological effects of the magnetic field (such as cancer) are the subject of
considerable research, but an exact correlation has not been found [11,16,17].

According to the European Union’s legally defined limit values listed in Table 1, for the
electric field and the magnetic flux density. However, it is essential to mention that there
could be more strict limit values for both parameters at a national level.

Table 1. Reference levels for the general public and occupational exposure to the time-varying electric
field and magnetic flux density [10].

Exposure Frequency Range Electric Field Magnetic Flux
Density

General public 50 Hz 5 [kV/m] 200 [µT]
Occupational 50 Hz 10 [kV/m] 1000 [µT]

Theoretically, there could be a combination of geometry and operating parameters for
high-voltage power lines, which result in a higher electric field than the first limit [18–21].
In the magnetic flux density, such problems do not occur in the general public [22,23].
Exceeding the limit value can occur when linemen are in the vicinity of the line, such as
climbing on the tower, working on the de-energized part of a double-circuit power line, or
in the case of live working maintenance [24]. Due to the strict legal environment, the lines’
design needs to consider these regulations, and for operating lines, it is assumed that there
are no such problems. Yet, in the case of sensor installations and inclination measurements
of FLEXITRANSTORE [25] and FARCROSS [26] pilot DLR projects in Europe, we found
that there are operating power lines around in which the electric field value exceeds its
limit value for the general public. This phenomenon is not rare, and in the case of some
transmission lines, more than half of the tension spans are affected during a significant
length of time. These kinds of issue occurred even if the necessary safety distances were
observed.

This paper’s goal is twofold; first, it demonstrates an existing example for the phe-
nomenon and notes that possible electric field problems need to be considered in DLR
models. Second, it presents a new, DLR-based expert system to solve the electric field
problem. By applying the expert system, the electric field strength is within the allowable
limit all the time, while the power line’s full utilization is also ensured.

2.1. General Concept

This paper demonstrates that the electric field can exceed the limit value even if the
legally defined safety distance is observed in dedicated power lines. For this purpose,
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the authors performed electric field measurements and numerical simulations several times
in the vicinity of an active transmission line on which DLR sensors are installed [27,28].
The measurements were performed in the most critical power line span with regards to
ground clearance, in planes perpendicular to the transmission line’s longitudinal direction.
The electric field distribution was measured at a height of 1.80 m, representing an average
human height [27]. Knowing the related sag and temperature values, it is possible to
validate the electric field’s values relative to the conductor’s position with calculation or
numerical simulation. The electric field distribution was also modeled with a finite element
method to validate the field measurement result. In the COMSOL Multiphysics software
background, the practical span geometry was built up, such as the terrain profile under the
phase conductors.

2.2. Details of the Power Line

The field measurement and the numerical simulation were carried out on a 400 kV,
single-circuit interconnection power line. Its maximal design temperature was 40 ◦C in the
1970s, but the line was upgraded to 60 ◦C after its strategic importance increased. The ap-
plied conductor is a double-bundle 500/65 ACSR (Aluminum Conductor Steel Reinforced)
in each phase with a semi-horizontal configuration. Both the tension and suspension
towers are lattice ones and glass and composite insulators are applied depending on the
towers’ function. National regulations require an 8 m safety distance for a 400 kV OHL
for a usual, open space location, but this value can be higher for those line sections that
cross residential buildings and roads, rivers, and other OHLs, etc.

2.3. Data of the Chosen Span

The chosen span is a section at one end of a tension span, meaning one boundary
lattice tower is a suspension while the other is a tension one. The length of the span is
390 m, and according to the catenary curve and terrain profile analysis, the most critical
sag point is 180 m from the tension tower.

Before starting the measurement, four measurement planes were defined, as illustrated
in Figure 1.
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Out of the four measuring planes, three play a prominent role. Measuring plane
1 extends directly below the tension tower’s insulator suspension points, the height of
which above ground is nearly constant. There is a dirt road in the 2nd measurement
plane, which should be treated as a critical case for pedestrian and agricultural vehicles.
Measurement plane 4 is the plane containing the transmission line’s points with the smallest
clearance (180 m from the tension tower) at the maximum design operating temperature of
60 ◦C. Measuring plane 3 was placed at equal distances from planes 2 and 4.

2.4. Data of the Line Monitoring Sensor

The applied sensor is an OTLM (Overhead Transmission Line Monitoring) manu-
factured superior line monitoring device, which measures the temperature, sag changes,
and current load of the wire in real-time [29]. There is also a built-in camera that can
also detect the ice layer deposited on the wire. The sensor has more than 20 different IEC
(International Electrotechnical Commission) and MIL (Military) standards. The device is
powered by a built-in AC adapter that starts operating at a minimum current of 65 A. Dur-
ing the on-the-spot measurements, its most important feature is the conductor temperature
measuring, which has a±2 ◦C deviation in the range from−40 ◦C to 125 ◦C. The conductor
temperature resolution is 0.5 ◦C.

2.5. Results of the Field Measurement and Numerical Simulation

Five measurements were performed in the observed span (M1–M5). The first three
were carried out in the first three measurement planes, one in each.

The results of measurement 4 and 5 (M4–M5) can be seen in Figure 2. Both were
performed in measuring plane 4 because this plane includes the critical part of the OHL
with the lowest clearance reserve. Figure 2 shows that the low-frequency electric field
exceeds the 5 kV/m limit value required for the general public, while the temperature is
well below the maximum operating limit.
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Figure 2. Measured electric field distribution at 1.8 m height above the ground (M4–M5).

Table 2 summarizes the results of the electric field measurements.

Table 2. Results of the electric field measurement.

Measuring Plane Load of the OHL
(Overhead Line)

Ambient
Temperature

Max. Value of the
E-Field

Plane 1 276.5 A 34.5 ◦C 1.277 kV/m
Plane 2 292.0 A 35.0 ◦C 3.060 kV/m
Plane 3 348.0 A 36.0 ◦C 4.679 kV/m
Plane 4 278.5 A 33.8 ◦C 7.150 kV/m
Plane 4 348.0 A 35.5 ◦C 7.420 kV/m
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To validate the field measurements’ result, numerical, finite-element simulations were
carried out for the observed OHL geometry.

The physics of the simulation is based on Equations (1)–(3):

∇J = 0 (1)

where (J) is the current density in A/m2,

J = ∇× H = σE + jωD (2)

where (H) is the magnetic field strength in [A/m], (E) is the electric field strength in [V/m]
and (D) is the electric displacement field in [As/m2].

E = −∇V − jωA (3)

where (E) is the electric field strength in [V/m] and (A) is the magnetic vector potential
in [T/m].

In the analytical calculation, we used several approximations that do not affect the
magnitude of the results, but greatly simplify the calculation. The conductors’ voltages
were phase-shifted phase-to-ground voltages of a 400 kV system, and a grounded conduc-
tive plate modeled the surface of the ground at the bottom of the model. We assumed the
conductors to be infinite in length parallel to the ground surface and one strand of alu-
minum. We considered the number of free charge carriers in the air to be 0. To increase the
accuracy of the simulation, a finer meshing was set to the model. The physical parameters
applied in the COMSOL model is in Table 3.

Table 3. Conductor and insulator model parameters.

Description Value Unit

Aluminum diameter 31.06 [mm]
Aluminum conductivity 37.74 [MS/m]
Relative permittivity of

Aluminum 1 [-]

Relative permittivity of air 1 [-]

The results of the performed simulations are in Figure 3a,b.
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Figure 3 presents the E-field distribution at different clearance values in the OHL’s
cross-section at 1.8 m above the ground level. The curves represent cases with different
clearance values from 13 m to 8 m, the legally defined safety distance for a 400 kV power
line. Clearance values were simulated every 20 cm, but Figure 3a only includes whole
meter results. Figure 3b shows visualization of the results for 8 m clearance around the
power line.

The line monitoring sensor measured the phase conductor temperature every 5 min,
from which the clearance was determined mathematically [30,31]. The typical error rate
of the clearance calculation algorithm is 0.1–0.15 m which was validated by the catenary
curve and sensor measurements based on different methods in the FLEXITRANSTORE
and FARCROSS projects. This way, the M4 and M5 measurements are compared to the
simulation to validate the results (Figure 4).
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at clearance 9 m; (b) M5 measurement curve and E-field simulation at clearance 8.8 m.

For M4, the clearance was calculated to be 8.9 m. In Figure 4a, this is compared to the
simulated curve at 9 m clearance. The curves’ general shape matches each other, such as
the local peaks’ position and value. In COMSOL, we simulated the instantaneous values
of the electric field formed with phase shifting of the voltages to illustrate the real field
values around the line. The same situation is presented in Figure 4b; the only difference is
that the calculated clearance was 8.7 m, and the curve was compared to the simulation at
8.8 m clearance.

According to the results, the field measurement and the numerical simulation are
consistent with each other. The detailed comparison is provided in Table 4.

Table 4. Comparison of the measurement and the simulation.

Case Clearance Peak Value Position of the Peak

M4 8.9 m 7.150 kV/m 8.20 m
S4 9.00 m 7.276 kV/m −8.57 m

Relative error 1.1% −0.02% 0.04 %

M5 8.7 m 7.420 kV/m 8.10 m
S5 8.80 m 7.400 kV/m −8.06 m

Relative error 1.1% −0.01% 0.01 %

Based on Table 4, the field strength maximum values are the same with a good approx-
imation. According to the simulation results, it is reasonable to say that the measurement
results are a sound basis for further discussion.
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2.6. Consequences from the Results

Based on the measurement and simulations, in the critical span, the electric field’s
peak can be above 8 kV/m, which is 60% higher than the limit value for the general public.
This phenomenon is unacceptable from the point of view of safety and security, as well as
from a point of view of legal aspects.

Another critical question is how can these results be generalized for the whole length
of the power line. For this purpose, the clearance values were calculated at the maximum
operational temperature value of 60 ◦C in all the spans.

Table 5 describes the clearance and electric field peak values at 60 ◦C, which is the
maximum allowed temperature of the conductor. According to the analysis, more than
65% of the spans are affected by the phenomenon. In the calculation, the phase conductor’s
curve was described with a catenary curve represented in Equation (4) [30,31].

y =
σh
γ

e
x
p + e−

x
p

2
=

σh
γ

ch
x γ

σh
(4)

where σ is the horizontal component of the tensile stress and γ is weight force for a cross-
section of 1 mm2 of a 1 m long conductor. For the sag calculation, Equation (5) served as
a basis [30,31].

bh =
σh
γ

[
ch

a γ

2 σh
− 1
]

(5)

where (a) is the distance of the suspension points of the phase conductors.

Table 5. Extension of the results to the whole power line at 60 ◦C.

Safety Margin Number Electric Field Peak

8–9 m safety margin 26 7.07–8.22 kV/m
9–10 m safety margin 21 6.25–7.07 kV/m

10–11 m safety margin 24 5.61–6.25 kV/m
11–12 m safety margin 15 5.10–5.61 kV/m

12–12.2 m safety margin 5 5.00–5.10 kV/m

Safety margin less than 12.2 m 91 Above 5.00 kV/m
Safety margin more than 12.2 m 48 Below 5.00 kV/m

Knowing the sag values at each distance, the clearance can be determined from
the spread of the elevation profile and the conductor position. These results, however,
do not consider that in some spans, the geometry may vary, and the error of the clearance
simulation could be up to 15–20 cm. Although the limit values for safety distance and
low-frequency electric field are clearly defined to ensure an adequate level of safety in the
vicinity of the transmission lines individually, the specifications have not been harmonized
in this case. There are clearly defined safety distance values at each voltage level in the
standards applied for high voltage power lines, which does not guarantee compliance with
the limit value for electric power fields. This situation needs to be avoided to comply with
legal requirements that are in place.

The situation becomes more complicated if there is an endeavor to apply the DLR
method. In these cases, the power line always operates near the maximum allowed
conductor temperature increasing the operational risk. In this case, a more complex risk
analysis should be applied taking into consideration the extension of the critical parts of the
span in question, the co-occurrences of unfavorable weather and load parameters, and the
accessibility of essential elements by humans.

3. Possible Solutions to Reduce the Electric Field

According to the legal requirement, it is necessary to reduce the electric field in
the power lines’ vicinity. There are several options to accomplish this, but it is essen-
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tial to consider the potential options makes more sense described below technical and
economic aspects.

3.1. Material-Intensive Investments

Building new power lines is a strictly regulated and costly investment, and there is
also a significant social resistance [32,33]. Alternatively, replacing towers or reconductoring
of existing lines could lead to reduced electric field peak values, but retrofitting can take a
long time [34]. Strengthening the existing power lines by replacing towers increases the
clearance in all the spans; however, it is not economical for hundreds of kilometers of OHL.
With retrofitting the primary aim is to reduce the sag, and increase the ground clearance. So-
called HTLS (high-temperature low sag) conductors provide a possible solution for these
cases since their long-term thermal load capacity is in the range of 200–220 ◦C, while their
sag does not increase. This way, the same power can be transmitted with higher clearance
values. The HTLS’s conductors operating experience is promising, but their widespread
usage could significantly increase the investment cost. Reducing the upper thermal limit of
the line and setting a new static line rating to the new temperature can also lead to result,
but it is not economically advantageous. With this method the power transmitted through
the line needs to be reduced significantly.

3.2. New Expert System Based on Dynamic Line Rating (DLR)

A new expert system based on DLR has been investigated to provide a technically
and economically efficient solution for the electric field problem. With its application,
the electric field can be ensured not to exceed its limit value, while the power line is fully
utilized almost all the time. This system’s core is to determine what factor is responsible
for the risk and decrease the maximum allowed conductor temperature to avoid electric
field distribution problems. The method exploits the benefits of online monitoring in the
real transfer capacity calculation. For real-time temperature tracking, a sensor needs to be
installed onto the transmission line. The expert system provides a solution for the tension
span equipped with the monitoring device, but it can be extended for the whole power
line. The system’s operation is detailed below for a single tension span.

The operation of the expert system can be separated into two broad steps. The first one
is a general analysis of the power line, while the second step concerns the observed tension
span in which the sensor is installed. In Figure 5. The first step aims to find out whether the
power line’s operation is at risk or not. First, a so-called critical span analysis needs to be
performed. In this substep, all the tension spans are examined to find the lowest clearance
value at the maximal operation conductor temperature. Via the analysis, the complete
terrain profile needs to be considered, such as the objects and crossing elements under the
power line. Once the critical span is determined, the safety distance needs to be checked
at a worst-case conductor temperature. To get the clearance, first the phase conductor’s
sag should be determined based on Equations (4) and (5). In some cases, the parabolic
approximation of the conductors also gives a satisfactory result. If clearance meets the
national regulation, the electric field’s peak value also needs to be checked. This step is
necessary because not all the standards are harmonized, and as presented, the electric field
can cause problems even if the safety distance is kept. If one of the two parameters does not
meet the criterion, a new maximum wire temperature must be determined. In this substep,
the numerical finite element simulation should be applied. Based on the simulation results,
the sag value at which the electric field does not exceed the limit value can be selected.
A conductor temperature can be assigned to the sag value, designated the new thermal
limit for the regular operation condition.
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At the end of the first broad step, theoretically, there are two ways to increase the
power line’s safety. One commonly used option is to apply SLR as a conventional line
rating method. In the case of SLR, the new ampacity limit is the current calculated with
the worst-case combination of the weather parameters. This results in a fixed transfer
capacity value in the tension span for the whole year or season. For this reason, in all
weather conditions other than the worst-case, the transmission line’s utilization will not be
maximal, resulting in less transferable power for a large percentage of the time. That is why
the second broad step based on DLR is necessary, so the expert system can ensure the line’s
full utilization. The flowchart and the subtasks of the second step are shown in Figure 6.

To perform all the necessary substeps in the second step, a line monitoring sensor
and weather stations need to be installed on the power line. The device must be able to
measure the conductor temperature in real time every 5 to 15 min. It is favorable if the
critical span is equipped with the line sensor to allow the expert system’s application to the
whole line. When the conductor temperature is measured, a logical unit compares it to the
maximum allowable conductor temperature, considering the operation state (such as the
emergency case with emergency rating). If the temperatures are equal, there is no possibility
to increase the transfer capacity without breaching the safety and security requirements.
If the temperature is not close to the upper limit, the ampacity should be set as high as the
thermal limit of the conductor.
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This can be achieved by applying Equation (6) with all the necessary data measured
from the weather stations [6].

PJ + PS + PM + PI = PC + PR + PW + PP (6)

where PJ is the Joule heating, PS the solar heating, PM the magnetic heating, PI the corona
heating, PC the convective cooling, PR the radiative cooling, PW the evaporative cooling and
PP the precipitation cooling. Transforming Equation (6) to Equation (7), the new current
limit until the next sensor measurement is available [6].

I =

√
PC + PR + PW + PP − PS − PM

RAC(T)
(7)

where (I) means the ampacity limit, and the RAC is the temperature-dependent alternating
current (AC) resistance of the conductor. Applying DLR can results in 20–30% surplus
capacity contrarily to the SLR approach. In favorable cases, DLR’s surplus current can
substitute for the ampacity loss from the reduced temperature. This way, it is possible to
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increase the line’s safety and security, meet the electric field legal requirements, and not
cause economic loss. This algorithm is repeated continuously to ensure that the transfer
capacity limit is always the theoretical maximum adjusted to whatever weather conditions
allow. In summary, the significant benefits and strength of the new expert system are
the following;

• the electric field’s peak is within the boundaries of the legal limits all the time;
• with DLR the full utilization of the line is ensured all the time;
• this method does not require high upgrade cost or other significant investment.

It is important to note that this expert system can be combined with other possible
solutions mentioned before. Reconductoring the power line with HTLS conductors and
applying the expert system on the line can result in higher ampacity limits, which can be
vital from the transmission system operator point of view.

3.3. The Novelty of the Ampacity Calculation in the New, DLR-Based Expert System

The novelty of the new DLR-based expert system is twofold; on the one hand, it treats
the electric field as a new input parameter, which was not previously discussed by any
DLR calculation algorithm, and on the other hand, it further developed the international
DLR models. Both the CIGRE (International Council on Large Electric Systems) and IEEE
(Institute of Electrical and Electronics Engineers) DLR models are empirical formulas
that discuss the external and internal factors influencing the conductor’s thermal state
separately. None of these models previously calculated the cooling effect of precipitation,
which, in addition to the average precipitation intensities in Europe (5–10 mm/h), can be
expected to provide 5–8% additional load capacity compared to the basic physical models.
The new expert system contains this cooling effect in Equations (6) and (7) to exploit the
real ampacity limits of the OHLs [5,6,35].

Another innovation of the existing system is the way the conductor temperature is
determined. In standard cases, the line monitoring sensor provides this parameter for the
ampacity calculation; however, even if the device fails for any reason, an accurate, real-
time conductor temperature is required. For this purpose, the BME (Budapest University
of Technology and Economics) research group has developed a new neural network-
based temperature calculation subsystem to ensure the conductor temperature parallel
to the sensor measurements. This new subsystem’s accuracy is within the transmission
line sensor’s measurement accuracy (±1.0 ◦C) based on simulations and international
experience. In this way, the sensor temperature availability is ensured from several sides,
which further increases the system’s reliability [5,9,35].

3.4. The Application of the Expert System for an Operating Power Line

An example is given for one span of an active power line equipped with a DLR sensor
to present the expert system’s applicability and its benefits in comparison to the static line
rating. The OHL’s geometry and operating parameters are the same as detailed in Section 2
and Figure 1. According to the expert system, the critical span analysis was performed; the
results are shown in Figure 7. The lowest clearance is 10.48 m in the span between towers 2
and 3, which should be equipped with a line monitoring sensor.

The span fulfills the necessary safety distance criterion of 8 m. The minimum clearance
from the electric field’s peak value is determined to be 10.8 m from the finite-element
simulation presented in Figure 8a.

Based on Figure 8a, the maximum operating temperature should be decreased from
60 ◦C to 50 ◦C, at which the lowest clearance is 10.84 m to fulfill the electric field criterion.
The next step is to calculate the ampacity limit of the line. If the static line rating is applied—
differing from the expert system—the worst-case parameters listed in Table 6 need to
be used.
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Table 6. Weather parameters for static line rating 1.

Symbol Weather Parameter Value Measuring Unit

Ta Ambient temperature 30 [◦C]
ws Wind speed 0.61 [m/s]
wd Wind direction 90 [◦]
S Solar radiation 900 [W/m2]
P Precipitation 0 [mm/h]
ε Emissivity factor 0.6 [-]

These values can vary from territories depending on the prevailing climate.

The new static line rating is 1193 ampere at each phase at 50 ◦C, which means 25.2%
lower transferrable power than at 60 ◦C. With DLR in the expert system, this power loss
can be prevented. Based on the sensor and weather stations’ real-time measurements, the
ampacity is always at its theoretical maximum, which means a 20–30% average increase
in power for a whole year. Figure 8b illustrates a so-called duration curve for a year that
illustrates power lines’ capacity utilization. The area under the load duration curve is
proportional to the amount of energy that can be transferred via OHLs, while the statistical
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curve itself represents what proportion of the year the given ampacity limit can be provided.
According to Figure 8b, applying DLR with reduced maximum temperature can result in a
higher ampacity limit to the non-reduced temperature case for more than 25% of the year.
Thus, with the expert system’s help, it is possible to keep the electric field strength below
the permissible limit, which increases safety and security and increases the ampacity limit
of the transmission line for one year.

4. Conclusions

Dynamic line rating is a promising and cost-effective way of increasing the transfer
capacity of the existing infrastructure. However, in the international literature it is not well
established or well described how this method can directly affect high voltage lines’ safety.
In this paper, we present examples of power lines in the vicinity of which the electric field
distribution exceeds the general public’s limit value. This cannot be accepted from legal or
safety points of view. To handle this phenomenon and ensure the level of safety, several
methods are listed in the paper. To provide a cost-effective and efficient solution, a new
expert system based on DLR has been analyzed. By applying this process, the safety level
can increase to the acceptable level fulfilling the legal criteria. Via an example, it was shown
that this expert system results in more economical results than the conventional static line
rating with the line’s full utilization. In some cases, even higher ampacity can be reached
than the transfer limit in the operating conditions at present. To sum up, this paper shows
that dynamic line rating as a part of an expert system could directly benefit safety and
security for the power lines, and has other advantageous attributes in addition to increased
transfer capacity.
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