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Abstract: Electric field intensification near a triple point of 

contact between a solid dielectric, an electrode and surrounding air, 

or other insulating medium is an important technical problem in 

HV insulation systems. Electric field intensification depends on 

many factors and for this reason it is important to investigate their 

influence on operating conditions of solid materials. The problem 

refers to exploitation cases of real insulation systems as well as to 

laboratory tests performed in experimental setups, e.g. 

measurements of electric strength of solid materials, measurements 

of surface discharges, etc. In this article the influence of electrode 

configuration used for the tests of electric strength of solid 

dielectrics on maximum value of electric field is investigated and 

analyzed. Simulations of electric field distribution relate to typical 

electrode arrangements recommended by IEC 60243-1 standard. 

Two types of solid materials were considered in the article: 

crosslinked polyethylene XLPE and ethylenepropylene rubber EPR.  
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1. INTRODUCTION  
 

One of the important problems of HV insulation system 

designs are discharges, which occur in the presence of  

a triple point TP (triple junction) (Fig. 1). In such a point 

three media (two dielectrics and a metal electrode) meet each 

other. The electric field strength is enhanced in the region of 

the triple junction leading to ionization and in effect to 

surface discharges. The electric field is intensified due to  

a sharp edge of a HV electrode and difference of permittivity 

values of solid dielectric and surrounding air (or oil). In 

effect, the electric field distribution near triple junction is 

non-uniform [1, 2].  

 

 
 

Fig. 1. Graphical representation of a triple point 

The triple point could be characterized by coefficient 

ɓTP, dependent on many factors, e.g. curvature radius of a 

HV electrode, thickness, surface resistivity and permittivity 

of a solid dielectric and the ratio between tangential Es and 

normal En component of electric field (1) near the triple 

point. Type of surrounding media has also an influence on 

the value of ɓTP. 
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The problem of field intensification at triple point 

relates to many cases, e.g. measurements of the electric 

strength of solid materials and measurements of the 

resistance of solid dielectrics to surface discharges. 

 

2. ELECTRIC FIELD DISTRIBUTION AT 

DIFFERENT ELECTODE S CONFIGURATION  

 

Typical electrode configurations recommended by 

IEC 60243-1 standard [3] for measurements of electric 

strength of solid dielectrics are the following: 

- symmetrical - two equal diameter (25mm) electrodes with 

curvature radius of 3mm, 

- unsymmetrical ï two unequal electrodes with curvature 

radius of 3 mm and diameters 25mm (HV potential) and 

75mm (ground potential) respectively. 

The electrode arrangements proposed by IEC 60243-1 

are suitable for samples of specified thicknesses. This is 

because of edge effect occurring near rounded region of the 

electrode (near the triple point). The electrodes form  

a capacitor with solid dielectric between them. The electric 

field inside the capacitor Ein is uniform and equals to the 

ratio of applied voltage U to the distance a between the 

electrodes (thickness of the sample) (2). 
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The electric field in the external part of the capacitor 

Eex can be different than between electrodes (EinÍEex).  
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On the edges of electrodes the electric field can be strongly 

enhanced what leads to a partial discharges degrading of 

solid dielectric material and causing breakdown at lower 

value of applied voltage. 

To avoid the effect of enhanced electric field strength, 

Rogowski proposed solution based on shaping of electrode 

surfaces (Fig. 2) [4]. Electrodes profiled according to the 

function (3) ensure uniform electric field distribution inside 

and in external part of the capacitor (Ein=Eex). 

 

 
 

Fig. 2. Rogowski profile of electrode arrangement [4] 
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where: a ï thickness of the tested specimen, x, y ï coordinates of 

the electrodes surface boundary. 

 

The shape of the edge of the electrodes is dependent on 

thickness of the tested sample, therefore for specimens of 

different thickness the different electrodes should be used, 

but it is very problematic in practice. 

Electrode arrangements recommended by IEC 60243-1 

are suitable for specimens of thickness of a few mm. For 

such a sample thickness range the electrode configurations 

are approximation of the Rogowski profile. 

 

3. SIMULATION METH OD 

 

Simulations of electric field distribution have been 

performed by use of COMSOL Multiphysics software 

(ver. 4.2). This is FEM based software for computing of  

a wide range of multiphysical, scientific and engineering 

problems. The modeling process usually consists of a few 

stages, mainly [1, 5-7]:  

- choosing an appropriate software mode,  

- drawing geometry of simulated object,  

- defining boundary conditions and material constants,  

- meshing and solver choosing, 

- postprocessing (visualization of simulation results). 

 

In this case, the ñAC/DC - Electric Currentsò mode 

available in the COMSOL Multiphysics model navigator 

was chosen. In this mode the following general equation is 

being solved for the electric potential V in every point in 

space [7]: 

 

( ) je QPjJVj =+-Ð+ÖÐ- )()( 0 wwes        (4) 

 
where: ů ï electrical conductivity, V ï electric potential,  

Ů0 ï vacuum permittivity, ɤ ï angular frequency, P ï electric 

polarization vector, Je ï external current density, Qj ï external 

current source.  

 

The electric potential V that was obtained by equation (4) is 

then used to find out the electric field VE -Ð=
C

[7]. 

 

3.1. Simulation model 

The simulations have been performed using 2D 

geometry presented in Fig. 3. Since the configuration of the 

model is symmetrical, only half of the model is shown in the 

figure. The simulation model comprises arrangement of two 

copper electrodes with conductivity ůe (A ï HV and B ï 

grounded) and curvature radius of r1 and r2 respectively, 

tested specimen of a solid dielectric (EPR: ŮEPR=3.8 or 

XLPE: ŮXLPE=2.2) with thickness a and permittivity Ůr. The 

electrode arrangement is surrounded by external insulation 

medium (air or transformer oil) of permittivity Ůos. 

 

 
 

Fig. 3. Simulation model (half-view) 

 

3.2. Analyzed cases 

The influence of the following factors on electric field 

strength near the triple point has been investigated:  

- electrodes arrangement,  

- type of surrounding medium,  

- thickness and permittivity of a tested materials. 

 

4. RESULTS OF SIMLATIONS  

 

4.1. Unsymmetrical arrangement of electrodes  

Results of simulation of electric field distribution in 

unsymmetrical arrangement of electrodes (25/75mm) 

typically used for measurement of electric strength of solid 

dielectrics are presented in Fig. 4. The pictures show electric 

field distribution under AC 50Hz voltage of 10kVRMS 

applied to the HV electrode when the bottom electrode was 

grounded. The color scales in presented plots are different 

due to extensive difference in maximum values of electric 

field strength in considered cases.  

It can be observed that electric field strength is 

significantly enhanced at the triple junction region. 

Maximum electric field strength is much higher when the 

test is performed in the air than in the oil for the EPR as well 

as for the XLPE sample. This is due to lower permittivity of 

air when compared to the dielectric constant of oil, 

according to a well-known principle that the electric field is 

pushed away from material of higher dielectric constant to 

that of lower. The electric field strength between electrodes 

is equal to 10kVRMS/mm (14,1kVpk/mm) for all cases 

presented in Fig. 4. In the Fig. 4d the specific case when 

permittivity of surrounding media is equal to permittivity of 

the tested XLPE sample (Ůoil=ŮXLPE=2.2) is presented. 

Fig. 5 shows distribution of electric field along the 

surface (diameter) of EPR and XLPE sample in the air (blue 

line) and in the oil (green line).  It can be seen that electric 

stresses are distributed symmetrically along the dielectric 

surface. Maximum electric field strength is the highest for 

the case of EPR sample in the air. 
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a) b) 

  
c) d) 

  
 

Fig. 4.  Electric field at the triple junction region in unequal 

electrodes arrangement: EPR sample of 1mm thickness  

in the air (a) and immersed in the oil (b); XLPE sample  

of 1mm thickness in the air (c) and immersed in the oil (d) 

 

    
 

Fig. 5. Electric field distribution along surface of EPR (left) and 

XLPE (right) sample 

 

It is worth to note that electric field strength near the 

triple point is much higher in the surrounding media (air or 

oil) (Fig. 4) than on surface of solid material (Fig. 5). The 

comparison of maximum values of electric field for 

considered cases is presented in Table 1. These are 

maximum values of electric field: at the triple point  

Emax-TP and on the dielectric surface Emax-surf. 

 
Table 1. Maximum values of electric field near triple junction in 

unsymmetrical arrangement of electrodes. 

 

Emax-TP [kV RMS/mm] (at the triple point) 

 EPR-1mm XLPE-1mm 

air 48 25,9 

oil 19,8 10,9 

Emax-surf [kV RMS/mm] (on the dielectric surface) 

 EPR-1mm XLPE-1mm 

air 30 18,8 

oil 15,8 10,8 

 

The influence of specimen thickness on electric field 

strength is presented in Fig. 6. It can be seen that electric 

field strength decreases with increase of distance between 

electrodes for each case. 

 
 

Fig. 6. Dependency of electric field strength on thickness of tested 

specimen 
 

4.2. Symmetrical arrangement of electrodes  

Analogical cases as in 4.1 were considered for an 

arrangement of equal electrodes (25/25mm) typically used 

for electric strength measurements of solid materials. The 

simulations were also performed under AC 50Hz voltage of 

10kVRMS applied to the HV electrode when the bottom 

electrode was grounded.  

Fig. 7 shows the electric field distribution near the 

rounded corners of the test electrodes. Similarly to the case 

of unequal electrodes, electric field strength is significantly 

intensified at triple junction region, especially when the test 

is performed in the air. 
a) b) 

  
c) d) 

  
 

Fig. 7.  Electric field at the triple junction region in symmetrical 

electrodes arrangement: EPR sample of 1mm thickness  

in the air (a) and immersed in the oil (b); XLPE sample  

of 1mm thickness in the air (c) and immersed in the oil (d) 
 

Electric field strength inside the capacitor is at level of 

10kVRMS/mm and is increased on the edges of the electrodes. 

Special situation can be seen in Fig. 7d where permittivity of 

tested XLPE sample is the same as insulating oil. From the 

electric field point of view it is situation of test electrodes 

with homogeneous dielectric in between and around them. 

Maximum values of electric field are lower when compared 

to the case of unequal electrodes. This is because the 

symmetrical arrangement of electrodes is much closer to the 

Rogowski profile when compared to unsymmetrical 

configuration and in effect the electric field distribution is 

more uniform. 


