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Abstract—In the present scenario the population is 
increasing at a very high rate due to which the 
consumption of power has been increased. The highly 
populated areas are suffering from the complex 
network of overhead line issues like open circuit 
faults, lightning threats etc. which is not in the case of 
underground cable supply system. The electrical 
parameters like electric field intensity, voltage 
distribution, energy density etc. are outcomes of rated 
voltage and high voltage which play a major role on 
the dependability of underground cables. The general 
execution of these underground power links is 
significant for appropriate task of the power 
framework. Long-lasting period issues with them are 
related with the corruption of polymer materials 
utilized for the cover due electric, warm or natural 
weight. The majority of those issues are identified with 
the electric field weight on the protection of the 
underground links. The goal of the electrical subject 
assessment through the utilization of stand-out 
numerical procedures is to find electric controlled 
subject weight and different parameters, which can be 
an unavoidable gadget in assorted quality concerned 
innovations; especially to ponder release marvel and 
structuring Extra High Voltage (EHV) underground 
links. In this paper numerical method i.e. Finte 
element method has been applied to find 2-D electric 
based different parameters of 500Kv XLPE 
underground cable with assign boundary conditions 
the usage of 2-D electric discipline evaluation software 
package (IES-ELECTRO module) that's primarily 
based at the finite element method (FEM). 
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I. INTRODUCTION 

Underground link frameworks speak to a critical venture 
and are an indispensable piece of the power conveyance 
dispersion organize [1]. In an undeniably focused and 
deregulated condition, it is fundamental that utilities boost 
the benefit of their advantages. This expects utilities to 
know about power link frameworks and their diagnostics 
to settle on the correct choices about what link framework 
hardware to buy and to have a general thought of how well 
it will perform in administration, how it ages, debases, and 
flops, and how it ought to be analyzed for fix or 
substitution. The designing of an underground cable is 
done to allow flowing electric current and sustaining the 
normal and abnormal operating conditions like overvoltage 
and overcurrent. Generally the underground cable is 
considered as a normal conductor coated with a hard 
insulating material [4]-[5]. By and large, conveyance 
control links are portrayed by their kind of protection 
material, voltage class, conductor material, conductor 
type, conductor size and sheathing materials. 

II. EXTRA HIGH VOLTAGE 
(EHV) UNDERGROUND 
CABLE SPECIFICATION 

High voltage link may have at least one than one 
conductor in the center contingent on the sort of 
administration for which it is planned. Additional High 
Voltage (EHV) underground link comprises of various 
layers as appeared in Fig.1. The conductor in the focal 
point of the link is the fundamental part that exchanges 
vitality and is under connected voltage [6]. 

 

 

Fig.1. Detailed view of 500kv underground cable 
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Generally copper is utilized as conveyor for links yet 
aluminum can likewise be utilized as a leading material 
relying on some specialized prerequisites and conditions 
[7]. H e r e  Cross Linked Polyethylene (XLPE) is used as 
an insulating material and different electrical parameters 
are discussed. There is a semi-channel layer around the 
copper transmitter and protection of the link. Semi-
conductor layer is utilized for smoothing the field twisting 
brought about by stranded structure of conductor and 
harshness of the lead-sheath. The job of the Lead (Pb) 
sheath and consistent Aluminum (Al) sheath is protecting. 
The external layer of the link is made of High Density 
Polyethylene (HDPE) which shields link from outer 
components [8]. In present period the utilization of EHV 
underground links has expanded colossally because of its 
increasingly invaluable job for transmitting high power, so 
it is important to examination the general parameters of 
link for longer dependability. In this way a lead sheathed 
EHV underground link with copper conveyor is taken here 
for examination. The specialized detail of the previously 
mentioned link is given in Table I. 

TABLE-I. TECHNICAL SPECIFICATION 
OF SELECTED 500KV UNDERGROUND 

CABLE 

Parameter Values 
Nominal Voltage 500 [kV] 

Diameter of Conductor 72 [mm] 

Thickness of insulation 28.3 [mm] 
Overall diameter 161.42 [mm] 

Thickness of inner semi-conductor 2.6 [mm] 

Thickness of outer semi-conductor 3.32 [mm] 

Thickness of metallic sheath 6.1 [mm] 

Conductance (Mho) over 1m depth XLPE 8.334e-14 

Free-space Inductance (Henry) 
over 1m depth XLPE 1.817e-07 

Capacitance (Farad) over 1m depth XLPE 1.959e-10 

Free-space Capacitance (Farad) 
over 1m depth 

XLPE 6.122e-11 

 

III. FINITE ELEMENT METHOD 
(FEM) 

Through many years, the finite element method (FEM) 
became widely used in almost all areas of applied 
electro- magnetism encompassing power engineering 
and electronics applications, micro- waves, antennas and 
propagation, and electromagnetic compatibility. A good 
review of many important FEM applications in electrical 
engineering and electronics till date has been presented 
in various renowned publications. The finite element 
method has its origin in the field of structural analysis. 
As finite difference method represents the solution 

region by an array of grid points; its application 
becomes difficult with problems having irregularly 
shaped boundaries .Such problems can be handled more 
easily by using the finite element method. Finite 
Element Method (FEM) is to find the solution that 
minimizes energy equation [9]. Five steps should be 
followed in order to solve a problem of this kind with 
FEM [1]: 

1. Boundary conditions,   material and   geometry 
of issue must be characterized. 

2. Mesh should be assigned. 

3. Formulate the equations for all the mesh 
elements. 

4. Incorporating all elements in solution domain. 

5. Unraveling the acquire condition 

 

In equation [1], V=V(x,y,z) is characterized electrical 
potential, quadratic homogenous differential arrangement 
as in Equation (1) requires for arrangement of static 
electrical field issue (additionally Laplace Equation). FEM 
(Finite Element Method) is utilized to tackle condition by 
the rule of limiting the electrical vitality condition in 
arrangement space as in condition (2). 

 

∆𝑉 =  +  + = 0   (1) 

𝑊 = 𝑧 ∬ 1/2 ∈ + ∈ 𝜕𝑥𝜕𝑦    (2) 

The arrangement that is acquired along these lines is 
additionally wanted arrangement of the Laplace condition 
[9]. Cartesian directions are utilized in this technique. 
Primarily, referenced territory is isolated into limited 
components called "Discretizing the zone". By and large, 
triangle limited component is utilized for Discretizing. A 
short time later by utilizing limit conditions, known 
possibilities and material properties, horizontal polynomial 
methodology capacities, conditions of the components and 
general condition of the issue is inferred. Gained condition 
is a major dimensional network with a huge number. By 
explaining this straight condition framework with an 
iterative numerical arrangement technique, hub capability 
of triangle components are acquired. Contingent on 
potential qualities and component's potential methodology 
capacities, possibilities and electrical field esteems can be 
determined in any purpose of the region. EHV 
underground link is displayed with IES (Integrated 
Engineering Software) bundle (ELECTRO module) and is 
appeared in Fig. 2. 
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Fig.2. Finite element model of Discretized 500 kv underground cable 

IV. RESULT AND DISCUSSION 

Any insulation defects of power cables can cause power 
failure, which subsequently result in economic loss 
including power cut  cost , compensation cost, 
replacement cost  and distribution and electric field 
stress parameter. As mentioned earlier, the software 
divides the simulation area into many triangular   
regions/meshes.   The   more   meshes,   the   more 
accurate the simulation results, which means there is a 
trade- off between the number of meshes and the 
computation time/memory. The software itself resolves 
the problem: the mesh   resolution   is   determined   by   
the   change   in   the electromagnetic field in the area: the 
large the change, then the more meshes. In order to solve 
the problem using IES software, required data and 
specification of the system is given in Table II. In the 
discussion below only the final results for each 
configuration are given. 

The underground links demonstrated utilizing 4000 
triangular components for every area. An Intel center 2 
couple (1.83 GHz) PC was utilized for the investigation. 
The exactness of the arrangement relies upon the quantity 
of components and strategies utilized amid the displaying 
of the geometry. A precise arrangement requires an 
essential learning of the strategy for example Limited 
component technique and involvement with ELECTRO. 
The voltage appropriation and electric field pressure and 
their shapes have been gotten along the distance across of 
the link. 

[A] Energy Density Analysis of the 500kV 
XLPE Underground Cable 

The energy density plot along the radius of the 500kV 
XLPE based underground cable using FEM is shown in 
fig. 3 where maximum energy density is on the interface 
of the conductor screen and the insulation of the cable and 
it is weak in other parts of the underground cable. The 
energy density at the metallic sheath is zero in the fig 3. 
The deviation in the graphs i.e. at the a) interface of 
conductor screen and insulation b) interface of insulation 
and insulation screen are due to the different relative 
permittivity values of the insulating material (XLPE) and 
semiconducting material (EVA). 

 

 

Fig. 3 Energy density of XLPE based 500Kv cable using 
FEM in radial direction 

 

[B] Partial Discharge Inception Analysis of the 
500kV XLPE Underground Cable 

The partial discharge inception plots of the 500kV XLPE 
based underground cable in the radial direction using FEM 
are shown in fig. 4 where the black line indicates the 
electric field, green line indicates the electric field 
component along the radial direction, the red line 
represents an electrical force in the radial direction and the 
blue line indicates the partial discharge inception which is 
maximum at the surface of the conductor of the 
underground cable and it is decreasing gradually from the 
conductor surface to the metallic sheath of the underground 
cable. The partial discharge inception at the metallic sheath 
is zero in the fig 4.  

 

 

Fig. 4 Partial Discharge Inception profile of XLPE based 500Kv cable 
using FEM in radial direction 

[C] Contour Plots of the 500kV XLPE 
Underground Cable 

The contour plot of XLPE based 500kV underground 
cables has been shown in fig. 5, fig. 6 and in fig. 7 
indicates the electric field contour plot, the electric field 
density plot and the energy density plot of extra high 
voltage underground respectively where the values of all 
the parameters i.e. electric field, electric field density and 
energy density have been shown below where different 
colors indicate different values. 
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Fig. 5 Electric Field Contour of XLPE based 500Kv cable using FEM in 
radial direction 

 

Fig. 6 Electric Field Density Contour of XLPE based 500Kv cable using 
FEM in radial direction 

 

 
Fig. 7 Energy density Contour of XLPE based 500Kv cable 

using FEM in radial direction 
 

V. CONCLUSION 

The energy density and partial discharge inception of 
500kV XLPE based underground cables is analyzed 
and discussed. It is observed that XLPE based EHV 
underground cable works better due to its low 
electric field stress. So the results show that XLPE 
based underground cable is the better choice for the 
replacement of other insulating material based extra 
high voltage underground cables. That’s why many 
countries have switched to polymeric insulation 
based cables i.e. cross linked polyethylene (XLPE) 
cables which is electrically efficient, so relatively 
long underground circuits can be installed which 
helps to keep the cost down and don’t contain fluid so 
the environmental effects of leaks are not a problem . 
Newer types of transmission systems are gas 
insulated lines and superconducting cables are still 
evolving but do not yet have proven a reliability and 
service life. 
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