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4.1 INTRODUCTION 

 

Partial discharges make the insulation system of the cable to 

deteriorate quickly especially when applied the high voltage stress 

frequently. XLPE is one of the best examples in insulating 

materials of high voltage equipment. 

Thus, the detail of the temperature distribution pattern by 

using COMSOL Multiphysics® version 3.5 will solve the 

problems that always occur in the cases of partial discharge in 

XLPE cable respectively. 

The main objective is to develop the XLPE cable model 

using COMSOL Multiphysics® version 3.5. Besides, this project 

also to identify the relationship between the discharge level and 

temperature distribution pattern in XLPE power cable. 

The development of the 11 kV 240 mm
2
 XLPE cable single 

core model fabricated using COMSOL Multiphysics® version 3.5. 

The cable only focused on the core and the insulator. Then, the 

study on the factor leads to the solid insulation system failure 

which is partial discharge (PD) will be discussed. Voids will be the 

major caused for the partial discharge happened in this project. 
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4.2 METHODOLOGY 

 

Terms of partial discharge refers to a discharge that does not 

completely bridge the space between the electrodes [1].  The 

discharges may be in a gas filled void inside an insulating material, 

or around an electrode in a gas where it is known also as corona 

discharges. Weak points in the insulator are the main causes of the 

partial discharges activity [2].  These weak points can be initiated 

by voids, cracks or inclusion within a solid dielectric, at interfaces 

within solid or liquid dielectric, in bubbles within liquid dielectric 

or along the boundary between the different insulation materials.  

Lower dielectric strength and lower dielectric constant of 

medium in voids lead to the breakdown of insulation system. 

Under normal working voltages, the field in the voids may exceed 

their breakdown value due to these both factors. The failure will 

occur under the discharge condition because air is the most likely 

gas present for XLPE. The relationship between the partial 

discharges and long term failure in electrical insulation is not 

proved yet. However partial discharge is the major reason for 

ageing and eventual failure of electrical insulation [3].  

The electrical discharges will cause rupture of a portion of 

the wall, and then cease. All this could be related to the energy of 

discharge, the size of void and nature of insulation material. When 

this occurs, it will produce the series of defects results, called as 

electrical trees. After occur repetitively, the tree appear to grow. In 

time the tree will bridge the entire insulation wall and cause 

failure. Partial discharges levels not only for the early warning of 

the equipment failure, but it also accelerates the breakdown 

process [4]. The insulation performance of polymers usually 

decreases quickly with high voltage application, if partial 

discharges occur in voids or defects [5]. The most common 

insulating polymer used in high voltage power cables is cross-

linked polyethylene (XLPE). Cross-linked polyethylene (XLPE) is 

widely used as an insulating material for power cables due its good 

physical properties.  However it undergoes an electrical ageing 

process for longtime usage. The polymeric insulation of power 
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cables undergoes ageing when in use with an electrical field 

applied to it [6]. Some insulation systems can withstand internal 

partial discharge activity for long times without generating trees, as 

in the case of some kinds of rotating machine insulation. While 

other system such as polyethylene material may suffer relatively 

fast breakdown if partial discharge in internal cavities exceed 

certain levels [7].  

 Researcher in [8] stated that PD activity depends on the 

size of the cavity within the dielectric material. According to the 

researchers in [8] which developed the 2D model geometry in  

FEA software, the results showed that the electrical field in the 

cavity changes when the location of the cavity is changed. The 

researchers emphasized that the electrical field distribution in the 

cavity which influences PD activity is determined by the cavity 

location within the material.  

 Another researcher in [9] stated that the charge is moving 

due to the repulsion between the injected charge and polarity. 

Moreover, the activity of PD was examined using K-means 

distribution. After all, the researchers found the PD activity lead to 

the faster of breakdown.  

 Researcher in [10] concluded that the dissipation energy 

rises at a faster rate once the inception voltage reached. In this 

research, the PD detection and their data acquisition system used is 

made by Power Diagnostic. The researchers stated that they 

believed PD as a primary ageing mechanism and the accumulated 

energy can be potentially related to the failure.  

 While according to the result of the researcher in [11], the 

conclusion stated that the relatively great size by the cavities 

endanger the system especially when the cavities situated closed to 

the core. 

Previous research in [12] arrangements of the defects affect 

the partial discharge characteristics although it is in the same of 

size.  

According to researchers in [13] which using the 

temperature sensing, the measuring and monitoring the 
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temperature profile is useful in the optimization the operation 

workload of the specific cable system in service other than as a 

method in the detection of hottest spots. 

A lot of factors contribute to the performance and ageing of 

the cable. One of the factors is thermal effect in the operation of 

the cable. Researchers in [14] said that the thermal effects 

produced from the cable due to copper losses and its insulation 

resistance (IR). 

 Research conducted using finite-element method in [15] 

claimed that the highest temperature is in the conductor core. 

While the lowest temperature got on the surface of the cable. The 

researchers also revealed that the temperature become less when 

the radial distance located far from the center. 

Hence, the measurements of partial discharges activities 

become the important items in the test program for most types of 

high voltage equipment. Besides, there also have an interest in 

continual monitoring of partial discharge activities so that it can be 

used as a warning on the failure of insulation in equipment. 

 The simulation of COMSOL Multiphysics® version 3.5 

first conducted by fabrication of the 11 kV 240 mm
2
 single core 

XLPE cable model without void and including the void. However, 

this project only considered on the core and insulator. Next, the 

material and coefficient involved such as polyethylene had been 

set. Due to that, the interior and exterior boundary for the chosen 

modes of AC Power Electromagnetic, Electrostatics and 

Conductive Media DC had been set. The simulation then was run 

to specify the temperature distribution pattern by using Heat 

Transfer mode. The simulation ended with investigation held on 

the temperature distribution pattern caused by various location and 

sizes of voids.  
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4.2.1 Fabrication of XLPE 1 Core Model 

 

The XLPE cable model was modeled based on the datasheet from 

the cable manufacturer in United Kingdom which also acts 

according to the British Standard.  The cable modeled in two-

dimensional (2D). 11 kV 240 mm
2
 XLPE cable single core used as 

a model. They are known as ELAND Cable.  The partial discharge 

which initiated by voids at the surface of XLPE insulation 

materials will be put in different locations so that reaction of the 

temperature distribution pattern will be observed using the 

software.  Furthermore, the charges will be in different sizes while 

its location is in the three different locations, whether near the 

conductor, center of the insulator and far from conductor. 

 Before conducted any fabrication in COMSOL 

Multiphysics® version 3.5, the datasheet referred to get the data of 

core and insulator. The radius of core is 8.74 mm and radius for 

insulator is 15.75 mm. The drawing is only for core and insulator. 

   

 
 

Figure 4.1 Setting for radius of 11 kV 240 mm
2
 XLPE cable 1 core 

 

The data for materials or coefficients were taken from 

library.  The data set are copper, air for void and polyethylene 

Radius core 

= 8.74 mm 

Radius 

insulator 
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Material/ 

coefficient library 

(PE).  Cross-linked polyethylene (XLPE) doesn’t exist in this 

software. Thus, PE had been used.  It is because XLPE get from 

the processes of polyethylene that had been cross-linked.  

 
Figure 4.2 Setting for material/coefficient of 11 kV 240 mm

2
 XLPE 

cable 1 core 

 

Next, the boundary of interior and exterior had been set 

according to the modes. This research involved with AC Power 

Electromagnetics, Electrostatics and Conductive Media DC which 

all this modes under Electromagnetics Modes. Another mode is 

Heat Transfer Mode where the temperature distribution pattern can 

be observed from this mode.  

Lastly, the simulation had been run on the model cable 

without void and with voids.  However, the voids were in different 

sizes.  
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Boundary 

setting 

Exterior boundary 

setting AC power 

electromagnetic 

 

Figure 4.3 Setting for material/coefficient of 11 kV 240 mm
2
  XLPE 

cable 1 core 

 

 

Figure 4.4 Setting for interior and exterior boundary of 11 kV 240 

mm
2
 XLPE cable 1 core 
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4.2.2 Investigation of Temperature Distribution Pattern 

 

The result then been analyzed based on the different locations and 

different sizes of voids.  The model cable without void first been 

observed. Next, the cable model with voids had been analyzing for 

their temperature distribution pattern.  

 

 

4.3 RESULTS 

 

This paper consists of three different sizes of void. First is 100 

mm. Then, proceeded with 50 mm and followed by void with 30 

mm of size. The size of void affected the heat distribution pattern 

in power cable. The smaller the size of voids, the lower becomes 

the discharge inception voltage. Discharge inception voltage is the 

lowest voltage at which the discharges of specified magnitude will 

recur when an increasing voltage is applied.  Furthermore, different 

locations give different results of temperature distribution pattern 

in cable model using COMSOL Multiphysics® version 3.5. The 

various locations of voids are near the conductor (at the boundary), 

middle of insulator and at the most outer boundary of the insulator. 

 

 
 

Figure 4.5 11 kV 240 mm
2
 XLPE cable single core without void 
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100 mm 

voids 

50 mm 

voids 

30 mm 

voids 

Figure 4.5 showed the distribution pattern of temperature in 

XLPE cable model using COMSOL Multiphysics® version 3.5 

where the red color represented by the high temperature, 351 K 

while blue color for the temperature of 288 K.   

 

Figure 4.6 11 kV 240 mm
2
 XLPE cable single core with different 

sizes and different location of void 

 

 

 
 

Figure 4.7 Graph for temperature versus void size 
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Figure 4.8 Graph for temperature versus location of void 

   

  The figures above showed that the void located near the 

conductor while the small size of void caused the temperature 

distribution to be high. 0 mm in Figure 4.8 means that there is no 

void in insulator. This is happen because voids which filled with 

medium of lower dielectric strength and lower permittivity (εr = 1) 

had been overstressed. The smaller the size of discharge or voids, 

the greater heat produced. It is proved by 30 mm void that located 

near to conductor in Figure 4.7. The location of discharge occurs 

also determined by measuring the temperature distribution pattern 

at insulator of cable model. Discharge or void which near the 

conductor made the cables more heated and this lead to the 

degradation of insulator when it is continuously overstressed. It is 

because breakdown voltage for cavity or air is 30 kV/cm while for 

11 kV power cable, the breakdown voltage is 75 kV/cm. 

Breakdown voltage is the maximum voltage when breakdown 

occur.    

             Breakdown happen due to the ionization process which 

means the movement of electrons and ions to anode and cathode 

will produce high current. When ionization process is suffered with 

high voltage, the higher current will flow causing the sparking 

between electrodes. Here, it concluded that the temperature 
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distribution pattern in cable model had been affected by the size of 

void and the location of void from the conductor. 

 

 

4.4 CONCLUSION 

 

Position and size of void in XLPE cable does effect the 

temperature distribution at the insulator. Smaller size of void can 

cause the insulator experience more heat. Meanwhile the closer the 

void to the conductor also will increase the heat in the insulator. 

The heat distribution pattern obtained in this project can be used to 

predict location of the void discharge in XLPE cable when thermal 

camera was used in monitoring the condition of the cable in 

ground. 
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APPENDIX 11 kV XLPE PVC Cable Material Datasheet 
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