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Introduction
The generated heat from the cable conductor to the surrounding soil plays a vital role 
in the performance of the underground distribution cables. The current carrying capac-
ity (ampacity) of underground cables is based on the properties of cable construction 
and the physical characteristics of the surrounding soil according to the specifications 
of standard IEC 60,287-1-3 [1]. Moreover, harmonic currents in underground distri-
bution cables can cause unacceptable problems, including overheating of cable layers. 
The main sources of harmonic currents are the nonlinear loads used in distribution sys-
tem networks [2, 3]. These result in a gradually higher level of harmonic currents [4, 5]. 
These harmonic current frequencies cause thermal aging of the cable and increase the 
strain on the cable insulation [6]. Experimental studies and mathematical simulations of 
temperature dissipation in underground power cable parts were presented in [7, 8]. The 
thermal resistance of a soil layer model with very dry soil around the cable was studied 
in [9, 10]. The authors reported on the thermal analysis of underground cables using 
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Nonlinear loads have become more prevalent in all applications, including computers, 
transformers, and adjustable speed drives. The harmonic level of the underground dis-
tribution cables rises as a result of these loads. As a result, the cable layers’ temperatures 
are affected by the harmonic levels. The purpose of this paper is to calculate the tem-
perature distribution of a cable conductor and the soil around it under cyclic loading 
conditions, including the impact of linear and nonlinear loads. The IEC 60,853-2 stand-
ard is used to consider the thermal model of an underground cable. The finite element 
method is investigated to obtain a heat map of the cable layers and their surrounding 
soil. In this study, the small-scale model was constructed in the laboratory. The cable 
is installed using two methods at the same loading conditions. The heat transfer in 
the four-core low-voltage cable installation is measured. Furthermore, total harmonic 
distortion is measured using a Fluke 125 scope meter. The experimental results from 
the laboratory model proved that there was an extreme increase in the temperature of 
cable layers when the cable was installed inside the polyvinyl chloride duct in the soil 
compared with its installation directly buried in the soil. The results of the experimental 
tests are compared with simulation results.
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multicore or single cables directly buried or in ducts using the two-dimensional finite 
element method (FEM), as well as the effect of soil thermal conductivity, in [11–14]. 
Many studies have discussed the effects of non-sinusoidal currents on the parameters 
of parallel cables with consideration of the AC resistance, proximity, skin effect, and 
eddy currents [15, 16]. Furthermore, [17, 18] investigated the power loss simulation in 
low-voltage cables due to non-sinusoidal loads. A method used in calculating the effect 
of ampacity on concentric neutral cables due to unbalanced currents and harmonics 
includes temperature of the cable parts in [19]. The effects of harmonics on the under-
ground power cable were performed, taking into account harmonics measurement [20, 
21]. The equation of Neher and Mc Grath was similar to the calculation of the cable 
ampacity by IEC60287 [22] and was not suitable for unbalance loading cases. The heat 
transfer effect of pipes and sand on the temperature distributions of the underground 
cables was presented in [23].

The thermal behavior of buried medium-voltage underground cables in different 
depths and soil resistivity values under high load operating conditions were presented in 
[24]. Gouda [25] describes the effects of harmonic orders on cable ampacity and thermal 
resistance of the soil around the cable. Unfortunately, little of the research does experi-
ment with the heat transfer of underground distribution cable, which is installed in a 
PVC duct in the presence of harmonic currents under dynamic loading conditions. This 
paper presents the effect of harmonic current orders on the temperature of the under-
ground distribution cable layers and their surrounding medium. Two installation meth-
ods of the low-voltage underground distribution cable are being studied. It is installed 
inside the PVC duct in the soil and directly buried in the soil. Experimental work and 
thermal analysis are done in this paper. The calculations of the cable layer temperatures 
are performed on both sinusoidal and non-sinusoidal loads. It is noticed that there is a 
serious increase in the temperature of the cable layers in PVC installation in the pres-
ence of harmonic currents. These increase due to storing the generated heat in the PVC 
duct while there is no remarkable rise in the soil temperature.

Finally, this paper presented a comparison between two installation methods on the 
temperature of underground distribution cable layers and their surrounding soil in the 
presence of harmonics with THD = 50.8% under dynamic loading conditions. The tem-
peratures are measured by thermocouples. The results of experimental tests, thermo-
electric equivalent method (TTE), and finite element method (FEM) are very close.

Experimental system
An experimental study investigated different sources of linear and nonlinear loads that 
can be used as dynamic loads. The study was performed on the four-core low-voltage 
underground distribution cable with an aluminum conductor. The cable is installed with 
two methods: directly buried in the soil and installed in the PVC duct. Figure 1 shows 
the block diagram of the proposed laboratory system. Figure 2 shows the overall exper-
imental testing system. This system consists of an isolated wooden box simulating an 
area of the soil surface surrounding the tested cable. The frame of a wooden box con-
sists of two sections of wood with thermal insulation. The cable is buried at a distance 
of 25 cm from the bottom of the wooden box and 60 cm from the surface of the soil. 
The required current to test cable is produced by linear loads such as resistive banks and 
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tungsten coils. In addition, there are nonlinear loads such as compact florescent lamps, 
an adjustable variable speed drive connected to a DC motor, and an auto-transformer, 
which is a source of harmonics in the system. The Fluke 125 scope meter is used to read 
the current following in each phase. Fluke view software allows us to read the current 
harmonic orders from the scope meter into a window on the computer screen using the 

Fig. 1  Block diagram of experimental system

Fig. 2  Overall experimental testing system
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optically isolated USB cable OC4USB or the optically isolated RS-232 cable PM9080. 
Also, it shows the harmonic orders as a percentage of fundamental current and the per-
centage of total harmonic distortion (THD) in each phase. The temperature of the cable 
layers and their surrounding soil is read by a thermocouple junction (K) with a tempera-
ture range of 0 to 200 °C and accuracy ± 2.2 ◦C% or ± 0.75% . An amplifier and a com-
parator circuit are connected to the output of the thermocouple junction (K) to amplify 
the output of the thermocouple. The output of the control circuit is connected to the 
monitoring device.

Experimental setup
The installation methods are tested inside a laboratory in an isolated wooden box to sim-
ulate an area of the soil surface surrounding the tested cable. The wooden box consists 
of two identical sections measuring 50 cm wide, 100 cm long, and 50 cm high. Its frame 
consists of two sections of wood with thermal insulation of 2.8 cm thickness between 
them. Figure 3 shows the lower section of the wooden box. The four-core cable char-
acteristics and thermal resistivity of the soil are given in Table 1, which is used in the 
experimental study.

The construction of the distribution cable and thermocouple junction (K) installa-
tion position is shown in Fig. 4. In this figure, three thermocouples are used to measure 
the temperature of the cable layers and the surrounding soil. These thermocouples are 

Fig. 3  Lower section of an isolated wooden box

Table 1  Cable characteristics

Characteristic Value Unit

Long of cable used 1 m

Cross-section area of an aluminum conductor 16 mm
2

Nominal thickness of insulation 0.7 mm

Nominal thickness of outer PVC sheath 1.8 mm

Overall diameter of cable 19 mm

Permissible operating temperature 90 °C

Thermal resistivity of the soil 0.968 °C m/W

Current carrying capacity in the ground 68 A

Current carrying capacity in the duct 52 A
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placed in direct contact with the XLPE insulation, the outer PVC sheath of the cable, 
and in the soil around the cable.

The parameters of the soil used in the directly buried method are a mixture of 15% 
clay, 85% sand and 0.03 percent humidity content of the soil (m3/m3). The wet ther-
mal resistivity of the soil is 0.968 (°Cm/W), and the dry density is 1588 (Kg/m3) [26] 
at the surrounding temperature (θa) of 25  °C. As given in Fig. 5, three thermocouples 
are installed in different places to monitor the temperature of the cable parts and their 
surrounding soil. These thermocouples give an output in mV, which represents the tem-
perature in the system.

The cable is installed inside the PVC duct with a diameter of 3.81 cm and a wall thick-
ness of 2 mm and buried in the same soil illustrated above. The duct hole was closed on 
both sides using thermal insulation as shown in Fig. 6. The laboratory experiments on 
testing cable were carried out during one season of the year. Moreover, the tempera-
ture of the surrounding medium inside the laboratory is constant and not affected by 
external weather factors. To ensure the stability of the soil properties, the time difference 
between each installation method is one month.

Transient thermal modeling of underground distribution cables
Transient thermal model of cable installed direct in the soil

The cable layers are performed by lumped circuit thermoelectric equivalent method 
(TEE) according to IEC 60,853-2 [27–31, 30, 31]. As shown in Fig. 7a, the thermal analy-
sis at each node of the thermal model of distribution cable directly buried in the soil.

Fig. 4  Construction of the proposed cable: 1-aluminum conductor, 2-XLPE insulation, 3-PVC outer sheath, 
and 4-Thermocouple installation

Fig. 5  Schematic design of laying cable direct in soil



Page 6 of 18Elsharkawy et al. Journal of Electrical Systems and Inf Technol            (2022) 9:19 

The thermal circuit contains on three thermal capacitances. Q1 , Q3 , and Q4 are calcu-
lated by using IEC 60,853-2 [27]:

where Qsoil,Qs,Qj,Qi and Qc are the thermal capacitances of surrounding soil, screen, 
jacket, insulation and conductor, respectively.T4 , T1 and T3 are the thermal resistances 
of surrounding soil, insulation and jacket, respectively. The thermal resistances of the 
metallic layers are ignored.θe , θs and θc are the jacket, screen and conductor tempera-
tures above the surrounding temperature (θa) , respectively. Finally ρ is the coefficient of 
Van Wormer [27].The cable losses of the conductor (Wc) are produced by the resistance 
of the conductor. Screen losses (Ws) are due to circulating current flowing in the cable 
sheath. The insulation losses (Wd1) and (Wd2) are dependent on the insulation material 
type and ignored for low-voltage cables. The different losses of the cable component are 
calculated according to IEC 60,287-1-3 [1].

(1)Q1 = Qc + ρ.Qi

(2)Q3 = (1− ρ).Qi + Qs + Qj

(3)Q4 = Qsoil

(4)Wc = I2.Rac

Fig. 6  Schematic design of laying cable in PVC duct

Fig. 7  Thermal equivalent circuit for single core cable parts and the around soil, a for direct buried, b for 
cable install in duct and buried in the soil
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where I, Rac and �1 are load current, conductor electrical resistance and sheath loss fac-
tor, respectively. Vo, f  , C and tan ( σ ) are the phase voltage, system frequency (Hz), the 
electrical capacitance and the insulation loss factor, respectively. The thermal capaci-
tances and resistances of the cable in each part and the around soil are calculated as 
given in [1, 27].

where dc, Di , Ds and De are the external diameter of the conductor, insulation, screen 
and the cable surface, respectively. ρi , ρj and ρsoil are the thermal resistivity of the cable 
different parts and soil around the cable. Cpc , Cpi , Cps , Cpj and Cpsoil are volumetric spe-
cific heat of each cable elements material and its surrounding soil. L, S and Ac are burial 
depth, the distance between conductor axes of the cables in case of flat formation and 
the area of the conductor, respectively. The current sources in the thermal model repre-
sent the heat sources in the metallic elements inside the cable.

Transient thermal model of cable installed inside PVC duct

To study the cable installed in the PVC duct, the different components such as the air 
and the duct medium are added to the thermal circuit as given in Fig. 7b. The thermal 
analysis at each node is represented in the following equations.

(5)Ws = Wc.�1

(6)Wd = 2π .f .C .V 2
o . tan (σ )
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where Qair and Qduct are the thermal capacitances of air in the space between duct inner 
surface and outer surface of cable jacket and the cable duct, respectively. T ′

4  is the air 
thermal resistance between the inner surface of the duct and the cable jacket. The ther-
mal resistance of the soil around the duct is defined as  T ′′′

4  . T ′′
4  indicates to the duct ther-

mal resistance. The thermal resistances of the metallic layers are ignored.θduct and θair 
are the duct and air temperatures ◦C  above surrounding temperature, respectively. The 
additional thermal capacitances and resistances of cable in each part and the around soil 
are calculated as given in [1, 28].
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where Ddo and Ddi are the PVC duct and inner PVC duct, respectively . The thermal 
resistivity of the PVC duct is defined asρd . The V, Y and U are constants according to 
IEC 60,287 [1] in case of the cables installed in duct and buried in the soil.Cpduct and  
Cpair are the volumetric specific heat of duct and air inside the duct.

The effect of harmonic distortion on the distribution cable losses

In this study, four-core cables with and without harmonic current effects are investi-
gated. The fundamental frequency and harmonic order frequencies are considered in 
transient harmonic analysis. Taking into account harmonic current at each frequency, 
total harmonic distortion current losses are estimated. Odd orders of harmonic current 
are determined. The conductor resistance (Ω/m) without harmonic effects according to 
IEC-60287-1 is illustrated as follows [1].

where Rdc denotes the resistance of the DC conductor at maximum operating tempera-
ture (θ). Yp and  Ys  are the proximity and skin effect factors can be used to calculate the 
effects of harmonic current orders on the increase of temperature in distribution cable 
layers. xp and xs  equations are given in [1].

Due to increasing harmonic current orders, this will cause an increase in the Rac as a 
consequence dependent on proximity and skin factors. These factors are dependent on 
frequency change as follows [1, 29].
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where x and µ are the skin parameters and magnetic permeability, respectively. Con-
sequently, for a non-sinusoidal current as a result of harmonic orders, the Irms  is root-
mean-square current can be defined in relation to harmonic order (h) as given in (34).

The losses in distribution cables depend not only on the total harmonic distortion 
(THD), but also on the magnitude of each harmonic order. In [4], IEEE Standard 519 
recommends a limit on both of them. The THD is used to express the effect of harmonic 
currents on the distribution cable. It is a percentage, as shown in (35).

In the case of odd harmonic current orders, the conductor power loss Wc can be calcu-
lated at each frequency and summed by:

where I1 , Ih and Rac(1) are the fundamental current component harmonic current and 
AC conductor resistance at fundamental frequency in case of non-sinusoidal waveform, 
respectively. Hh is the percentage harmonic load current. Rac(h) is the conductor resist-
ance of harmonic frequency.

In this article, the current harmonic distortion for the distribution cable system is 
taken into account and all the odd order harmonic orders up to the 23rd are studied. All 
the higher orders, even zero harmonic orders, are neglected.

Results of the proposed study system
Load current cycle and harmonics data

The calculations are carried out when each phase of the tested cable is loaded by dif-
ferent linear and nonlinear loads, as seen in Table 2. The three phases of the cable are 
loaded with nonlinear loads such as compact fluorescent lamps, adjustable speed drives, 
auto-transformers, and power supplies.

The current of the connected loads at each phase is balanced but with a different per-
centage value of THD. The harmonic current orders in phase A are produced with total 
harmonic distortion (THD = 50.8%). It is read by fluke 125 as shown in Fig. 8.

Experimental results of the proposed system

The dynamic temperature obtained from experimental results included the effect of lin-
ear and nonlinear loads on the cable layers and their surrounding soil. Figure 9 illustrates 
the flowchart of the experimental dynamic temperature calculation. The study was done 
on one meter of four-core 380 V cable buried directly in the soil and also inside a PVC 
duct in the soil in an isolated wooden box. The two small cable sections outside that box 
are connected with source and load panels.
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The temperature of these sections outside the wooden box is lower than the cable 
inside the soil, approximately equal to the laboratory temperature, because the tem-
perature of the surrounding medium inside the laboratory is not affected by external 
weather factors. The used soil is a mixture of 15% clay, 85% sand, and a 0.03 percent 
humidity content (m3/m3). The temperature of the cable layers and surrounding soil 
is measured by thermocouples connected with an amplifying and comparator circuit. 
The output of the thermocouples in mV is read every two hours and converted into an 
equivalent temperature in °C.

The comparison between the cable parts and the surrounding soil temperature is 
shown in Fig. 10a, which is installed by direct burring in the soil and loaded with lin-
ear loads such as resistive banks and tungsten coils. After 72 h, the maximum insula-
tion temperature reached 65 °C and the maximum soil temperature was around 52 °C.

It is also observed that when the cable is loaded with nonlinear loads, the harmonic 
current orders on phase A produced with THD = 50.8% are read by fluke 125 as given 
in Fig. 8. This effects the temperature of cable parts and the surrounding soil. At the 
same loading time, the maximum insulation temperature was approximately 72  °C, 
and the maximum soil temperature was 56  °C. The results are obtained by applying 
THD = 50.8%, which causes an increase in the insulation temperature of distribution 
cable as compared with its value when loaded with linear loads at frequency (50 Hz).

Table 2  Current and total harmonic distortion on each phase

Phase Current (A) Without harmonic loads With harmonic loads

Loads types THD % Loads types Source THD %

A 18.22 Resistance banks 4.35 Fluorescent lamps Single 50.8

One branch of resistance bank Single

Adjustable speed drive Three

B 18.78 Resistance banks 4.35 Auto-transformer Single 34.4

Two branches of resistance bank Single

Adjustable speed drive Three

C 18.32 Resistance banks 4.35 Power supply Single 44.8

Tungsten coils Single

Adjustable speed drive Three

Fig. 8  Current harmonic orders by fluke 125
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In the following study, the cable was installed in the PVC duct with a diameter of 
3.81  cm and a wall thickness of 2  mm and buried in the same soil type. As shown in 
Fig. 10b, temperature readings differ in linear and nonlinear connected loads.

It is noticed when the cable is loaded with linear loads, the maximum insulation tem-
perature increases to 70 °C after 72 h and the maximum soil temperature reaches about 
33.5 °C.

Fig. 9  Used flowchart

Fig. 10  Comparison of dynamic temperature obtained from experimental measurements a with linear and 
nonlinear loads at direct buried, b with linear and nonlinear loads at installed inside PVC duct in the soil
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But in the case of the cable being loaded with nonlinear loads at the same harmonic 
current orders with THD = 50.8%, the maximum insulation temperature increased to 
77 °C and the maximum soil temperature was about 35.5 °C at the same loading time. 
The results are obtained by applying THD = 50.8%. When installed in PVC duct, the 
insulation temperature of the distribution cable rises to ∼ 10% as compared to its value 
in linear loads at frequency (50 Hz).

The reason for that increase in insulation temperature by 7 °C and the small change in 
the soil temperature is the thermal resistance of the PVC duct and air between the PVC 
duct inner surface and the outer surface of the cable jacket. The PVC duct prevents all 
the generated heat by the cable losses from reaching the surrounding soil.

The presence of harmonic current orders and installation in PVC duct have a signifi-
cant impact on the temperature of the cable parts and the surrounding soil, according to 
one interesting observation.

Simulation results of thermal model

The thermal analysis of the distribution cable layers and the surrounding soil is 
solved using the MATLAB program. Figure 11 shows the flowchart of the MATLAB 
program. The temperature obtained from simulation results included the effect of 

Fig. 11  Used flowchart of MATLAB program
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sinusoidal and non-sinusoidal current waveforms on the cable layers and their sur-
rounding soil. The soil used in the thermal analysis has the same properties as the one 
used in the experimental study. A study was carried out on the same four-core 380 V 
cable buried directly in the soil and also in a PVC duct buried in the soil. In the case 
of a cable that is directly buried in the ground, Fig. 12a depicts a comparison of tem-
perature cable elements and the soil surrounding them.

When the cable is loaded with a sinusoidal current waveform at fundamental fre-
quency (50 Hz), the maximum insulation temperature reaches about 68 °C after 72 h 
and the maximum soil temperature reaches 54  °C. A non-sinusoidal current wave-
form with a harmonic disturbance percentage of fundamental current THD = 50.8% 
as given in Fig. 8 noticed the effect of harmonic current orders on the temperature of 
the distribution cable. During the loading process, the insulation temperature rises to 
74 °C, while the surrounding soil temperature rises to 58 °C.

The results were obtained by applying THD = 50.8%, which causes an increase 
in the insulation temperature of distribution cable by ∼ 8.8% as compared with its 
value in a sinusoidal current waveform at fundamental frequency (50 Hz). It was also 
observed in the case of the cable installed in a PVC duct and buried in the same soil 
type. That there was a greater increase in temperature when compared to the one that 
was buried directly. Fig. 12b shows the comparison between the temperatures of the 
cable elements and the soil around the cable in the two methods.

When the cable was loaded with a non-sinusoidal current waveform at fundamen-
tal frequency (50 Hz), the maximum insulation temperature increased to 73  °C and 
the maximum soil temperature reached about 34 °C after 72 h. It is also noticed that 
when the cable is loaded with non-sinusoidal current waveform at the same harmonic 
current orders with THD = 50.8%,the maximum insulation temperature increased to 
80  °C and the maximum soil temperature reached about 36.5  °C at the same load-
ing time. The results were obtained by using THD = 50.8%, which causes a ∼ 9.6 % 
increase in distribution cable insulation temperature when compared to its value in 
sinusoidal current waveform.

Fig. 12  Comparison of dynamic temperature of the cable layers and surrounding soil using thermal method 
a With sinusoidal and non-sinusoidal current at direct buried, b with sinusoidal and non-sinusoidal current 
source at installed inside PVC duct in the soil
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Temperature maps of the cable layers and its surrounding medium using finite element 

method (FEM)

FEM is used to study the temperature of the underground distribution cable layers and 
the medium around them. This is simulated by using the (COMSOL) multiphysics pro-
gram. Adiabatic boundaries are established on both the right and left sides of the instal-
lation, far away from the cables and the installation’s bottom (i.e., heat flux equals zero). 
As a result of this set of boundary conditions, a negligible error in the calculation of 
transient temperature Furthermore, the heat generated in each cable layer is used as a 
source of heat for the model in two dimensions. The boundary conditions are depicted 
with heat flow considered in all directions. The FEM model is used to create the heat 
map of the temperature distribution in the cable and surrounding soil at constant ther-
mal resistivity of the soil. The cable is loaded with a sinusoidal current waveform at a 
fundamental frequency of 50 Hz. Figure 13a shows the heat transfer of the cable com-
ponents and their surrounding soil after 72 h of installation when the cable is directly 
buried in the soil. The insulation temperature is found to be ∼ 65.4 °C.

A similar study was carried out on the cable when it was loaded with a non-sinusoi-
dal current waveform at a fundamental frequency (50 Hz) for 72 h when the cable was 
installed directly buried in the soil. The insulation temperature rises to ∼ 71 °C, rather 
than the 65.4  °C shown in Fig. 14a. However, if the cable is installed inside PVC duct, 
buried in the same soil type, and loaded with the same loads, the cable’s insulation tem-
perature is raised to ∼ 80 °C rather than 72.7 °C as shown in Fig. 14b.

The results of the finite element method (FEM) are almost in agreement with the ther-
mal calculation analysis and experimental measurement, with about 1.5  °C differences 
between the three calculations at the same conditions.

Comparison of the experimental and simulation results

Table 3 gives a summary of the experimental and simulation results obtained from the 
study of linear and nonlinear loads on the distribution cable. From the study and calcu-
lations performed, it is concluded that the type of installed methods of cable and con-
nected load types affect the temperature of the insulation and the soil surrounding the 

Fig. 13  COMSOL heat maps of cable layers and its surrounding medium of 380 kV without harmonic 
currents effect: a The cable directly buried in the soil. b The cable is installed inside PVC duct in the soil
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distribution cable. As shown in (35), percentage THD changes root-mean-square load 
current cycle values.

The experimental results were obtained by applying the same percentage of THD to 
the cable installed in a PVC duct, which caused an increase in the insulation tempera-
ture of the distribution cable by ∼ 6.9% as compared with its value when buried directly 
with nonlinear loads. Additionally, the soil temperature surrounding the cable decreases 
by ∼ 36.6% as compared with its value in direct burial.

Similar results have been obtained from simulation calculations and FEM by applying 
the same percentage THD to the cable installed in PVC duct, which caused an increase 
in the insulation temperature of the distribution cable by ∼ 8.1%  as compared with its 
value when buried directly with a non-sinusoidal current waveform at fundamental fre-
quency (50 Hz). Moreover, the soil temperature surrounding the cable has decreased to 
∼ 37.1% as compared with its value in direct burial. The results of the MATLAB pro-
gram are almost equivalent to the results obtained by the experimental results, with 

Fig. 14  COMSOL heat maps of cable layers and its surrounding medium of 380 kV with harmonic currents 
effect: a The cable directly buried in the soil. b The cable is installed inside PVC duct in the soil

Table 3  Summary of the obtained temperature from experimental and simulation results of tested 
cable

Experimental results Simulation 
results

Cable installed direct buried in the soil

Maximum insulation temperature (°C) Without harmonic 65 68

With harmonic 72 74

Maximum jacket temperature (°C) Without harmonic 57 60

With harmonic 64 66

Maximum soil temperature (°C) Without harmonic 52 54

With harmonic 56 58

Cable installed in PVC duct and buried in the soil

Maximum insulation temperature (°C) Without harmonic 70 73

With harmonic 77 80

Maximum jacket temperature (°C) Without harmonic 63 65

With harmonic 68 71

Maximum soil temperature (°C) Without harmonic 33.5 34

With harmonic 35.5 36.5
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a slight difference of about 3  °C between the two calculations at constant thermal soil 
resistivity. After the calculations had been performed, a noteworthy of attention is that 
the harmonic current orders were added to the cyclic load current. That harmonic cur-
rent orders result in a THD percentage of 50.8% in two installation methods It has been 
found that in the case of direct burring, there is a serious rise in the temperature of the 
cable elements and the surrounding soil. But in PVC duct burring, there has not been a 
significant rise in the temperature of the surrounding soil.

Conclusions
In this article, the laboratory experimental study of an underground distribution low-
voltage cable that is installed directly in the soil and inside a PVC duct in the soil is per-
formed. The two installation methods are based on the IEC 60,287-1-3 and IEC 60,853-2 
standards. The experimental test is carried out on a four-core 380  V cable to investi-
gate the effect of harmonic current orders on the elements of the distribution cable. An 
increase in temperature has been observed in cable layers installed inside PVC duct. It 
is higher than in direct burring in the soil, in the presence of harmonic current orders. 
The insulation temperature rises between 7 and 8 °C depending on the percentage THD 
and duct installation method. Also, it is noted that there is a significant decrease in the 
temperature of the surrounding soil in the case of PVC duct installation. This is due to 
the thermal resistance of the PVC duct being high compared with the thermal resistance 
of the soil, which causes the retention of produced heat inside the PVC and the cable 
ampacity to decrease. It is concluded that the results have been obtained from simula-
tion programs, whether MATLAB or (COMSOL) multiphysics programs, with a slight 
difference from the results of the experimental study.
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