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Abstract—Temperature is one of the primary causes of
medium voltage cable failures. When the temperature
exceeds the allowable limit, the cable components may
degrade, affecting the lifespan and operational efficiency of
the power system. In order to maintain the safe operation of
power systems and minimize the likelihood of severe
accidents, it is crucial to analyze the temperature
distribution in medium voltage underground cables. In this
study, the time-dependent temperature distribution within
the 5.5 mm thick Cross-Linked Polyethylene (XLPE)
insulation layer of medium voltage cables is analyzed using
the finite element method. Temperature data collected from
the cable sheath surface is utilized to simulate the thermal
variation in cable insulation layer under the varying of core
current and sheath temperature. Additionally, a
temperature warning threshold is calculated to issue alerts
and prevent overheating. The variations in the electric field
under these conditions are also examined. The results
provide valuable insights for optimizing the installation and
operation of medium voltage power cables.

Index  Terms—monitoring, Medium Voltage (MV)
underground cable, reliability, temperature distribution,
Cross-Linked Polyethylene (XLPE)

I. INTRODUCTION

As economies continue to grow, the demand for a
reliable power supply is rising, placing new challenges on
the operation and maintenance of power distribution
management units. Medium Voltage (MV) underground
cables play a critical role in the transmission and
distribution system, ensuring the stability and safety of
the power grid. However, one of the most significant
challenges affecting MV underground cables is the rise in
operating temperature, which can severely impact their
performance and lifespan.

The estimation of the operating temperature of the
Cross-Linked Polyethylene (XLPE) insulation relies on
data obtained from the cable sheath. The temperature
distribution within the insulation layer is a key factor in
determining both the longevity of the cable material and
the overall reliability of the power system. Prolonged
exposure to temperatures exceeding the allowable limit
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can lead to the breakdown of the molecular structure of
the insulation, accelerating its degradation [1-4]. As a
result, continuous monitoring of the XLPE insulation
temperature is essential, as it directly influences the
operational performance and durability of the entire
underground cable network. This assertion has been
further validated in a study by Smaida et al. [5]

Furthermore, the XLPE insulation layer is positioned
near the conductor, which serves as the primary heat
source within the cable. Under high-temperature
conditions, space charge accumulation within the
polymer material leads to an uneven electric field
distribution, increasing the likelihood of microscopic
defects such as electrical trees. These defects propagate
more rapidly as temperatures rise, further deteriorating
insulation properties, shortening the service life of the
cable, and potentially resulting in failure under prolonged
high-voltage operation [6]. Consequently, maintaining
optimal XLPE temperature levels is crucial for ensuring a
uniform electric field distribution around the cable and
preventing premature degradation.

To address these concerns, various methods for
monitoring and diagnosing insulation faults have been
explored. In reference [7], by simulating various levels of
insulation degradation, data are gathered regarding the
surface temperature rise behavior of the cable and the
correlation between temperature elevation and the
severity of insulation damage. To estimate the
conductor’s dynamic temperature, the model utilizes the
measured cable surface temperature and load current as
input variables. However, implementing this approach
necessitates a substantial dataset for effective training of
the temperature prediction model [8]. Numerical
calculation methods have also been used to assist in the
comprehensive monitoring of cable temperatures. Factors
affecting cable temperature include load current,
environmental conditions, cable material structure, and
heat dissipation in the surrounding environment. Direct
measurement of conductor temperature in in-service
cables presents significant challenges; hence, it is
commonly estimated through analytical models. However,
these models often neglect the influence of external
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environmental variations and fail to account for complex
physical phenomena such as air convection, radiation,
and coupled heat transfer processes. As a result, the
calculated temperatures may significantly deviate from
actual values in complex and multi-loop systems, limiting
the applicability of such methods for real-time conductor
temperature monitoring. Therefore, it can be confirmed
that studies on cable temperature analysis typically focus
on monitoring surface or conductor temperatures,
whereas the temperature of the insulation layer has not
been adequately addressed. Monitoring the cable
insulation layer temperature requires higher costs and
advanced technology.

To address these issues, a method for monitoring
underground cable temperatures based on the use of cable
sheath temperature sensors has demonstrated the ability
to monitor temperatures effectively and continuously,
especially when combined with detailed simulation of the
temperature distribution of XLPE insulation. The close
correlation between cable sheath temperature and XLPE
insulation temperature can be exploited to provide early
warnings of overheating, minimizing risks and improving
the reliability of the cable system. The advantage of this
method is that the temperature sensor placed on the cable
sheath simplifies the installation and maintenance process
while minimizing interference with the internal structure
of the cable. Through simulations using the Finite
Element Method (FEM), the insulation temperature can
be calculated in detail and accurately from the cable
sheath temperature data, ensuring the accuracy of
temperature measurements and the effectiveness of the
warning system, helping to monitor the operating
conditions of the cable more comprehensively without
direct contact with the internal structure of the cable.

The study also examines the variations in the electric
field under these conditions. The findings offer valuable
insights for optimizing the installation and operational
conditions of medium voltage power cables.

II. HEAT TRANSFER AND ELECTRIC FIELD MODEL IN
MEDIUM VOLTAGE CABLE

In heat transfer models, MV underground cables are
typically assumed to have infinite length to simplify
calculations and analysis. When current passes through
the conductor, it generates heat, resulting in a complex
diffusion process within the cable. Current studies on
temperature distribution in underground cables mainly
focus on radial heat transfer in a Two-Dimensional (2D)
space, as heat primarily dissipates outward from the
conductor to the cable sheath [9—11]. The temperature
gradually decreases from the conductor, where the
highest temperature appears, to the outside, through the
material layers, and continues to decrease when
transferred to the air. Therefore, the radial heat transfer
has a great influence on the cooling efficiency of
underground cables. Temperature monitoring and
maintaining a safe temperature threshold for cable
insulation are essential to ensure the reliability and
stability of the line.
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The main components of MV underground cable lines
include cable sections which are connected by cable
joints when it is necessary to transmit and distribute
electricity over large distances. MV underground cables
are composed of one or more cores and many layers of
materials. The selection of the type and structure of MV
underground cables will depend on the requirements and
specific operating conditions of the line. In this study, the
authors performed on a single-core MV underground
cable of CADIVI, with the basic structure shown in Fig. 1.

Conductor

Inner semi-conductive layer

-

Insulation layer

Outer semi-conductive layer

Metallic screen

Over sheath

Fig. 1. Structure of single-core MV underground cable.

The insulation material in underground cables is
affected by the electric field, depending on the applied
voltage level, causing dielectric losses within the cable.
In addition, eddy currents may arise on the ground shield
of the cable. If the shield is made of magnetic material,
additional losses due to hysteresis and eddy currents will
also occur, increasing energy loss and heat generation in
the cable system.

The main cause of heating in the electric cable is the
loss of electrical energy over time t. This heat, converted
from electrical energy, dissipates into the environment
from the conductor. Based on Fourier's law, the heat
transfer process is governed by the differential equation
presented in Eq. (1) [12].

V-(kVT)+qV =pca—T. (1)
ot

In this equation, 7 denotes the temperature variable (K),
k denotes the thermal conductivity (W/m.K), p represents
the material density (kg/m?®), ¢ refers to the specific heat
capacity of the heat transfer medium (J/kg.K), ¢
corresponds to the volumetric heat source intensity
(W/m?). The thermal conductivity k£ characterizes the
relationship between the heat flux vector g and the
temperature  gradient VI as described by the
corresponding mathematical expression ¢ =—kVT .

In the isothermal state, the right-hand side of Eq. (1)
disappears, the temperature distribution is given by the
Poisson equation, and the conditions for the temperature
limit (Dirichlet condition) or heat flux (Neumann
condition): V-(kVT) +q,=0.

Under steady-state conditions in a two-dimensional
thermal system, Eq. (1) takes a simplified form:
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Eq. (2) can be solved to determine the temperature at
any point within any homogeneous region with specified
heat conduction and heat generation rate based on the
defined boundary conditions.

In the analysis, volumetric heat flux plays an essential
role, providing a measure of thermal energy transfer
density within the cable conductor, as demonstrated in

Eq. (3).

Q,,a;):%. 3)

where 4 is the geometric cross-sectional area of the
conductor (m?), and P is the heat loss of the cable (W/m)
which can be calculated through the equation below:
P, =I'R,. )
The AC resistance of a cable conductor differs from its
DC resistance due to additional effects that arise under
alternating current. Specifically, when two adjacent
cables carry AC current, phenomena such as the skin
effect and proximity effect become significant, leading to
an increase in AC resistance. According to IEC 60287-1-
2 [13], the AC resistance can be represented as a function
of the DC resistance, modified by corresponding
correction factors that account for the skin and proximity
effects, as described by Eq. (5).

Rac:Rdc(1+}/s+7p)' (5)

In this equation, R.. denotes the alternating current
(AC) resistance of the conductor per unit length (Q/m),
while Rq. represents the direct current (DC) resistance per

unit length ({¥/m) at temperature 7, which can be
determined using (6).

Rdc = Rref [1+ aref (T()C, y)_Tref )] . (6)

Here, R.r and aer denote the reference resistance of the
cable conductor (€2) and the temperature coefficient of
the conductor material (1/K), respectively, both defined at
the reference temperature T = 20 °C. The operating
temperature of the conductor is represented by T(x,y).
The reference resistance of the conductor can be
calculated using the Eq. (7).

Rref = pZO/A . (7)

We have y, and y, as the skin effect and proximity
effect coefficients, respectively, as defined by IEC
60287-1-2 [13]:
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Here, f'denotes the frequency of the alternating current
flowing through the conductor (Hz), d. is the conductor
diameter (m), and s represents the center-to-center
spacing between adjacent conductors (m). The variables
xs and x, are the arguments of the Bessel functions
employed in the calculation of the skin and proximity
effects, respectively, k; and k, serve as the corresponding
correction factors for these effects.

When performing heat transfer model calculations and
assuming that the MV underground cable is new and free
of defects or damage, it is essential to define the
appropriate boundary conditions. In this study, two main
types of boundary conditions are considered:

1) Fixed Temperature Boundary Condition: The
temperature at the boundary is known and
remains constant. In the simulation, this
temperature value is obtained from a sensor
located at the cable sheath. The model
incorporates both convective and radiative heat
transfer by integrating these effects into the
temperature boundary condition derived from the
sensor readings.

Heat Flux Boundary Condition: The current
flowing through the conductor governs the
resulting power loss, taking into account the
influences of both skin and proximity effects.
This power loss is then used to calculate the
corresponding heat flux at the boundary.
Boundary temperature at constant value:

2)

T\, =T,. (12)
where T is the boundary temperature (K), which is kept
constant. The boundary condition for the soil layer
considered in the article is that of the deep soil layer, with
a temperature of 20 °C.

Heat flow density at the boundary via phase method:

2o
on|,

—q, - (13)

where 4 denotes the thermal conductivity of the material
(W/m.K) and ¢, represents the heat flux density (W/m?).

The electric field is the spatial derivative of the voltage.
The conductivity, one input parameter of the model, is as
a function of electric field and temperature and fitted to a
law of the type [14]:

o(T,E)= Aexp(k

B

a

T]sinh[(aTer)E]E“. (14)
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In the equation, ¢ refers to electrical conductivity
(S/m), E is the applied electric field (V/m), E,
corresponds to the activation energy (eV), kz is the
Boltzmann constant (¢V/K), and other coefficients. The
coefficient values are reported in Table I.

TABLE I: COEFFICIENT VALUES IN (14) DESCRIBING THE CONDUCTIVITY
OF XLPE AS A FUNCTION OF ELECTRIC FIELD AND TEMPERATURE

Parameter Value
A 0.8
E,(eV) 1.0
kg (eV/K) 8.62.10°
a (m/V/K) 0if T<313K;-1.3.10°if T>313 K
b (m/V) 1.38.107if T< 313 K; 5.45.107if T>313 K
a 0.15

III. NUMERICAL METHOD AND CABLE SAMPLE

For thermal analysis of underground cables, FEM is
employed as a numerical approach. Using COMSOL
Multiphysics 6.2 software, the temperature distribution is
calculated under different temperature conditions at the
cable sheath. The first step of this method involves

constructing a geometric model of cable material. The
cable specifications and material properties used in the
simulation are based on the data listed in Table II. The
simulation was achieved in 2D in time with the external
ambient temperature and the reference temperature for
the material are assumed to be 20°C [13]. In the
simulation, radiation and natural convection heat transfer
were taken into account. 7y value is the measured
temperature of sensors in the monitoring system.

The simulation set at an applied voltage of 24 kV,
temperature distribution in the cable was calculated under
various operating conditions of two main parameters:
current flowing through the conductor (from 200 A to the
permissible current value of the studied cable, which is
590 A [15]) and the temperature value obtained from the
temperature sensor placed at the cable sheath (75) in the
range from 30°C to 85°C in increments of 5°C. From the
variation of temperature on the voltage insulation layer,
the electric field value in the insulation layer is also
calculated and analyzed.

TABLE II: TECHNICAL SPECIFICATIONS AND MATERIAL PROPERTIES OF MV UNDERGROUND CABLES, VOLTAGE LEVEL 12/20 (24) KV OR 12.7/22 (24)

KV [16-18]
. Thermal  Specific heat . - PP
Structure Th(llfll:::)e s Material conductivity  capacity ¢ Df{nilt); P Cotng:;: (tjl VISt/y 920 Rte;:)sotgltsy! P
K(WmK)  (@/kgK) (kg/m) —a (S/m)  a (©.m)
Conductor 11.3 Copper 400 385 8940 5.96.107 1.68.10°8
Inner semi- Semiconductor
1.3 compound (polyethylene 0.2875 2200 940 5.998.10° 1.667.10*
conductor layer . .
mixed with carbon black)
Insulation layer 5.5 XLPE 0.2875 2526 1200 o(T, E) of material -
Outer semi- Semiconductor
1.0 compound (polyethylene 0.2875 2200 940 5.998.10° 1.667.10*
conductor layer . .
mixed with carbon black)
Metallic screen 0.7 Copper 400 385 8940 5.96.107 1.68.10°8
Over sheath 2.3 HDPE 0.2875 2200 950 - -

IV. RESULTS AND DISCUSSION

A. Temperature and Electric Field Distribution in the
Cable over Time

The simulation results of temperature distribution in
the MV cable test sample with a conductor current of [ =
400 A and an sheath temperature of 7y = 30°C at different
time intervals, are presented in Fig. 2. Fig. 2 (a) illustrates
the temperature distribution on a two-dimensional cross-
section of the cable at 24 hours after the application of
voltage. The distribution is radially symmetric with
respect to the center of the cable. To facilitate data
analysis, one-dimensional temperature profiles in Fig. 2
(b) were extracted from the 2D plot for comparison and
further evaluation. The same approach was utilized in the
electric field distribution results.

The temperature characteristics remain almost
unchanged or reach a steady state after 6 hours. The
graph reflects the uneven temperature distribution in the
cable, showing the temperature change at each material
layer and the heat transfer mechanism according to the
radial radius. After 6 hours, the maximum temperature at
the cable insulation (7max) reaches about 32.07°C. The
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simulation results reveal a symmetrical temperature
distribution within the cable. Therefore, temperature
monitoring should account for this symmetry to ensure
that no localized hotspots develop within the cable
structure. The large temperature difference between the
material layers reflects the nonlinear heat transfer
properties along the radial radius. The material layers that
make up the cable affect the heat transfer, regulation, and
distribution of the heat generated from the cable
conductor. Heat is transferred to the surroundings via the
thermal conductivity of the material layers, thereby
reducing the temperature in the cable gradually and
continuously without causing heat accumulation in the
cable structure.

The electric field changes due to wvariation of
temperature in the insulation layer of the cable, (Fig. 3
(a)). When T, = 30°C, the current in core is Icore = 400 A
(the gradient of temperature between the inner core and
outer interface is 2.5°C), the simulation results indicate a
temporal shift in the electric field distribution across the
cable insulation. Specifically, the electric field intensity
near the conductor gradually decreases from 4.8 kV/mm
to 4.4 kV/mm over a 24-hour period, while an opposite
trend is observed at the outer interface of the insulation
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and semiconducting layer, where the field increases from
3.35 kV/mm to 3.65 kV/mm. This behavior suggests a
redistribution of the electric field within the insulation
structure.
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Fig. 2. Temperature distribution in MV cable when /... =400 A and T
=30°C: (a) 2D cross-section at 24h and (b) 1D at different times.
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Fig. 3. Variation of the electric field in the XLPE layer cable at different
times after applying voltage when /... = 400 A: (a) T, = 30°C and (b) T}
=60°C.

Notably, the system does not reach -electrostatic
equilibrium within 24 hours, implying that further
evolution of the electric field is expected beyond this time
frame. When 7= 60°C, the field profiles of Fig. 3 (b)
show decreasing trends in time at inner and increasing at
outer interface of insulation. The value of electric field
achieves 4.2 kV/mm and 3.8 kV/mm respectively inner
and outer interface of insulation after 6 hours of operation,
then the value does not change much and reaches the
steady state at 24 hours.

Thus, temperature greatly affects the change in electric
field, this process is difficult to predict. When the
temperature increases, it leads to large electric field
variations in the cable insulation layer, causing the cable
life to decrease rapidly, possibly leading to cable failure.

This phenomenon of the electric field arises because
the conductivity is non-linear with the field. As a result, it
counteracts the temperature effect on the conductor. In
the next simulations, we use temperature characteristics
at steady state to analyze.

B. Temperature Distribution in the Cable at Different
Cable Surface Temperatures

Fig. 4 presents the temperature distribution along the
radial direction of the medium-voltage underground cable
operating at the allowable current threshold of 590 A,
with the surface temperature 7, varying from 30°C to
85°C. When T increases, the temperature gradient of Tmax
and T, also rises, ranging from 5.5°C to 6.5°C. This
shows the influence of the temperature 7; on the
temperature difference between 7, and Tmax. Therefore,
when underground cables are designed to operate under
high load conditions or in places with harsh ambient
temperatures, special attention must be paid to the
calculation and monitoring the cable's temperature
distribution. This shows that the thermal conductivity k
and the thickness of the material layer significantly
influence heat dissipation, particularly in the XLPE
insulation layer. Furthermore, the temperature increase
reflects the presence of heat loss and dielectric loss in the
material layer of the cable.
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Fig. 4. Temperature distribution in the MV cable when /.ore = 590 A
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It can be seen that under the same current level, the
increase in temperature Tmax iS almost linear with the
increase in temperature 7s. According to the study [19],
the temperature distribution in underground cables is
determined by the total thermal resistance of the material
layers. Although the intermediate layers have different
thermal conductivity properties, the total thermal
resistance of the entire system still maintains a linear
relationship. At this time, the total thermal resistance acts
as a thermal bridge, ensuring that a steady heat transfer
from the cable conductor to the cable sheath is
maintained, resulting in a linear relationship between T
and Tmax. In addition, according to IEC 60287-2-1 [13],
the method of calculating the total thermal resistance has
confirmed the correctness of the linear model when
evaluating the Tm.x value based on the 7y value. The
nearly linear relationship between 7y and Tmax is
influenced by the constant current level, combined with
stable boundary conditions during the simulation process,
which helps to limit unwanted temperature fluctuations.

The relationship between the temperature value T and
the temperature Tmax, When 7 = 590 A at different T
values is shown in Fig 5. The simulation results using the
numerical method are shown by the blue dotted points,
while the linear regression line determines the correlation
between the 7y and Tmax values, shown by the orange
straight line.

The linear regression equation showing the correlation
between the T and Tmax is represented as:

T.=al +b.

max

(15)

where the parameter a reflects the variation of
temperature Tmax With the change of temperature 7;. The
value of a determines the slope of the linear regression
equation and is affected by the operating current level,
which is clearly shown by the increase in the slope of the
linear line when the current is larger. The value of b is a
constant representing the initial difference between Tmax
and Ty, usually due to the non-instantaneous radial heat

transfer from the conductor to the cable jacket. The initial
difference is affected by factors such as the structure of
the insulation layer, the thermal conductivity of the
material, and the ambient conditions of the cable.
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Fig. 5. The relationship between the temperature 7 and the temperature
Tmax, When Lo = 590 A with different 7, values.

The accuracy of the method is checked by calculating
the error between the Tmax value obtained from the linear
equation and the T result obtained from the simulation
model. The largest relative error between the two Tiax
values is relatively small, about 0.002%, occurring at 7 =
50°C. Based on the simulation results in Fig. 6, the
intersection point between the linear regression line and
the Tiimit axis can indicate the coordinates of the pair of
temperature values (Tmax, Ts) as (84.5°C, 90°C). This is
the point that determines the temperature value 7, when
the cable insulation temperature reaches the fault
threshold. Thereby, when the cable operates with a rated
current of 590 A and the maximum temperature value of
the cable insulation Timi = 90°C for XLPE insulated
cables [20, 21], an alarm will need to be issued when the
sensor temperature at the cable sheath reaches the
threshold value T = 84.5°C.
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Simulation results, | = 300A
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Fig. 6. The relationship between the temperature 7, and 7y, depends on
the current I, and temperature 7.

C. Temperature Warning Threshold Determination

Fig. 6 shows the relationship between the temperature
value Ts and Tmax Which depend on the current Icore and
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temperature 7. The relationship shows the complex heat
transfer mechanism in the cable, which is formed by the
change in the resistivity of the conductor when the
temperature changes, combined with the limitation in the
heat transfer capacity of the material layers.

In the current adjustment range from 200 A to 590 A,
although the nonlinear heat transfer properties appear
along the radial radius, leading to the difference between
the temperature 7, and the temperature 7Tma, the
simulation results still show a nearly linear correlation
between the temperature 75 and the temperature 7Tiax.
Thereby, the method can bring practical applications,
when the temperature Tmax can be calculated based on the
data collected from the temperature sensor T, allowing
the prediction of the temperature distribution inside the
cable. To test the reliability of the Tmax temperature
prediction model, the relative errors of Tmax temperature
from the linear regression equation and the simulation
results were calculated at different operating current
levels. The maximum relative errors occurred at current
levels of 200 A, 300 A, 400 A, 500 A, and 590 A, which
were 0.008%, 0.033%, 0.027%, 0.012%, and 0.002%,
respectively. The obtained error magnitudes were
relatively small, indicating that under the condition of
changing operating current levels, the linear regression
equation can provide an effective and relatively accurate
prediction tool for estimating the Tmax temperature of the
insulation layer. This method is still quite feasible even
considering the nonlinearity in the heat transfer of the
cable.

Through the simulation results, the application of
linear regression lines to determine the pair of
temperature values (75, Tmax) is an effective method to
predict the warning threshold for the temperature
parameter, corresponding to each specific operating level
of the current. Fig. 7 shows in detail the intersections
between the linear regression line and the fault axis Tiimit
of the graph in Fig. 5, in order to clarify the details and be
able to determine the exact coordinates of the
intersections. The intersection of the linear regression line
of temperature with the threshold value axis Tiimit = 90°C
allows to determine the warning temperature threshold Ts
corresponding to the operating current level.

95

Tlimit

Maximum temperature of XLPE layer (°C)
©
o

84

86
Cable surface temperature (°C)

88 90

Fig. 7. The intersection point between the fitting temperature line and
the operating limit temperature line of the XLPE insulation.
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The value of Tswaming is defined as the cable sheath
surface temperature at which Tmax reaches the allowable
temperature limit Timi. Using simulation, Tswaming 1S
calculated and shown in Table III, allowing us to
determine the maximum cable sheath temperature at
which the system needs to issue a warning to prevent
overheating. Accurate calculation of Twaming 1S Vvery
important in cable temperature monitoring systems,
allowing the system to detect overheating early before
Tmax reaches the dangerous threshold. This also helps
prevent failure situations due to temperature exceeding
the dielectric limit of the insulation material, thereby
improving the reliability and service life of the cable.

TABLE III: Tswarnmvg VALUE AT DIFFERENT CURRENT LEVELS

1(A) 200 300 400 500 590
a 1.002 1.004 1.008 1.012 1.017
b 0.457 1.030 1.839 2.889 4.046
Tswarming (°C)  89.364  88.616 87.461 86.078 84.517
V. CONCLUSION
Analyzing the temperature distribution in cable

insulation is essential for early detection of potential
failures. Temperature variations in the cable also cause
changes in the electric field. Therefore, Simulation
methods for determining cable temperature are crucial for
evaluating the service life of cables under various
operating conditions. This study investigated the
temperature and electric field distribution in Medium
Voltage (MV) cables over time using finite element
simulations. The results highlight the critical impact of
temperature variations on the cable’s operational stability
and lifespan. Key findings indicate that the temperature
distribution within the cable reaches a steady state after
approximately six hours of operation. The thermal
behavior of the cable is influenced by the material layers,
which regulate heat transfer and prevent localized
overheating. Additionally, the electric field distribution is
affected by temperature changes, with higher sheath
temperatures leading to faster stabilization of the field but
also posing a risk of electric field reversal. This
underscores the importance of precise temperature
monitoring to avoid insulation degradation and potential
cable failures.

Furthermore, the study examined the relationship
between sheath temperature (7y) and insulation
temperature (7max) under different operating conditions.
The nearly linear correlation between these variables
allows for effective temperature predictions using linear
regression models. The determination of a temperature
warning threshold provides a practical approach for early
fault detection. Specifically, when the cable operates at a
rated current of 590 A, an alarm should be triggered when
the sheath temperature reaches 7,=84.5 °C, ensuring
preventive action before the insulation temperature
exceeds the critical limit of 90 °C.

The proposed temperature prediction and warning
threshold models contribute to improving the reliability
and longevity of MV cables. These findings can be
applied in real-world power distribution systems to
optimize cable installation, monitoring, and maintenance,
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ultimately reducing the risk of failures due to thermal
stress. Future research can expand upon this study by
incorporating additional environmental factors and
validating the models with experimental data.
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