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Abstract: Gas Insulated systems (GIS) require solid insulating materials to provide mechanical support for 

conductors as well as to separate two compartments. Hence there is a need for control of electric field stresses 

at spacer surface in order to reduce internal discharges also surface discharges to the enclosure surface. As 

several failures in GIS system have been reported in many installations around the world. A high percentage of 

these failures are due to improper design of the spacers shape or manufacturing defects. The breakdown of SF6 

gas insulation is adversely affected by the presence of spacer especially at the interface point formed by solid 

insulating spacer and SF6 gas .This point represents the weakest point at the GIS and hence there is a need for 

control of electric stresses at spacer surface. In order to reduce such distortion the spacers used in the gas 

insulated systems designed to realize more or less uniform field distribution along their surfaces. In this 

research a comprehensive study of the factors affecting the electric field distribution on the spacer’s surface has 

been carried out. So three spacer’s shapes have been considered. The finite element method (FEM) has been 

used throughout the calculation, as this method has proved to be more accurate than other methods. 
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I. Introduction 

The breakdown of SF6 gas insulation is adversely affected by the presence of insulator surfaces, unless 

special design precautions are taken .Gas Insulated systems require solid insulating materials to provide 

mechanical support for conductors. For the enhancement of insulation reliability and compact design in gas 

insulated power equipment the solid insulators play crucial role of electrical insulation [1]. The study of electric 

field distribution in and around the supporting spacers has been of considerable interest for the design engineer 

for designing the equipment operating at high voltage levels [2, 3].The presence of spacers, results in complex-

dielectric field distribution. It often intensifies the electric field particularly on the spacer's surface. The 

insulation ability of SF6 is highly sensitive to the maximum electric field, and furthermore the insulation 

strength along a spacer's surface is usually lower than that in the gas space [4]. So the spacers used in GIS 

should be precisely designed to realize more or less uniform field distribution along their surfaces. Effort is to be 

made to decrease the electric field value as low as possible keeping in mind the optimum leakage path. Spacer's 

profile is considered the main variable, which controls the field distribution and hence field uniformity can be 

achieved by adopting the appropriate profile [5,6]. Consider, for example, a horizontal coaxial conductor 

arrangement. A particle lying on the inner surface of the outer conductor will obtain a charge, which is 

proportional to the local field. Thus, the particle experiences an electrostatic force. At sufficiently high applied 

voltage, the particle will lift off and begin to move in the gas space between the conductors. At a sufficiently 

HV, a particle is able to cross the gap between the conductors and can initiate breakdown. Experimental and 

theoretical studies have shown that particle initiated breakdown is a two-stage process [4,5].  

 
II.   Concept of Fem 

2.1 Finite Element Method (FEM) 

             FEM is a suite of programs for solving low frequency electromagnetic problems on two- dimensional 

planar and axisymmetric domains. The program currently addresses linear/nonlinear magnetostatic problems, 

linear/nonlinear time harmonic magnetic problems, linear electrostatic problems, and steady-state heat flow 

problems.  

FEMM is divided into three parts: 

 Interactive shell 

 Triangle 

 Solvers 
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2.1.1 Interactive shell 

This program is a Multiple Document Interface pre-processor and a post-processor for the various types of 

problems solved by FEMM. It contains a CAD like interface for laying out the geometry of the problem to be 

solved and for defining material properties and boundary conditions. AutoCAD DXF files can be imported to 

facilitate the analysis of existing geometries. Field solutions can be displayed in the form of contour and density 

plots. The program also allows the user to inspect the field at arbitrary points, as well as evaluate a number of 

different integrals and plot various quantities of interest along user-defined contours. 

 2.1.2 Triangle 

 Triangle breaks down the solution region into a large number of triangles, a vital part of the finite element 

process. 

2.1.3 Solvers 

Each solver takes a set of data files that describe problem and solves the relevant partial differential equations to 

obtain values for the desired field throughout the solution domain. 

 

III.    The Electric Field Calculation And Discussion For Different Spacer’s Shapes 
There are different types shapes of spacer which used in GIS, these spacers fundamentally are divided 

into two types according to their shapes, namely; the disc and cone type. Spacer’s shapes in a coaxial GIS 

shown in fig.(1), Which have symmetry about the Z-axis , the system arrangements are characterized by six 

dimensional variables,(ro, R, ZS, Ze, S, θ).Where ro , R are the radius of the inner and outer electrodes 

respectively , Zs and Ze are the spacers half thickness at the inner and outer electrodes arrangements 

respectively as indicated in Fig. (1-a), also (S) and (θ) are the thickness and the inclination angle of the cone 

spacer as shown in Fig. (1- b). the obtained results in this research are expressed by the normalized values. 

Where ro is the based dimensional value which equal to 10 cm and the applied voltage is the base voltage value 

which equal to 100kv.  

 
                                        (a) Disc spacer                                             (b) Cone spacer 

Fig.(1)Spacer electrode arrangements in GIS 

 

3.1 Electric Field Calculations around Disc Spacer 

For the spacer’s shape indicated in figure (1-a).The effects of its dimensions and its relative permittivity are 

carried out. 

 

3.1.1 Effect of the Spacer’s Dimensions on the Electric Field Distribution 

Figure (2) shows the electric field distribution for disc spacer with different dimensions. The results are obtained 

by fixing Ze , R and permittivity (εr) values at 0.2,3 P.U and 6 respectively. The only variable is Zs with values 

between 0.2 to 2p.u. 
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                         Fig. (2) Effect of Zs on the electric field distribution along the spacer surface 

 

From fig.(2) It can be observed that, the electric field distribution at Zs=0.2p.u is uniform as (α =90), for spacer 

has Zs<0.2p.u, the electric field decreases around the inner electrode and increases around the outer electrode 

.Also it can be observed that, the electric field near the triple junction especially at outer electrode increases as 

Zs increases .So from these figures it can be concluded that the spacer dimensions effect on the electric field 

distribution on and around the spacer surface. This result is identical for result [10]. 

 

3.1.2 Effect of the spacer relative permittivity on the Electric Field Distribution for Disc Spacer 

 
Fig. (3) Effect of spacer’s relative permittivity on the electric field distribution along surface 

of disc spacer 

 

The results of Fig. (3) Shows the electric field distribution for disc spacer with different permittivity 

values were obtained for fixed values of Zs, Ze and R at 1, 0.2 and 3p.u respectively. The only variable is the 

spacer relative permittivity which varies between 2 and 9.From this figure it is observed that the spacer 

permittivity effect on the electric field distribution. 

 

3.2 Electric Field Calculations around Cone spacer 

The effect of spacer’s inclination angle (θ) and spacer’s thickness (S) for cone spacer on the electric field 

distribution along its surface can be studied as shown in figure (2-b). 

 

3.2.1 Effect of the spacer’s inclination angle on the electric field distribution 

Figure (4) shows the effect of changing of the spacers inclination angle (θ) on the total electric field 

distribution on its upper surface, that obtained at fixed values of S,R, and εr constant at 0.2,3p.u and 6 

respectively . From this figure it can be shown that the electric field is higher near the inner electrode and then it 

reduces gradually towards the outer electrode, also it is clear that the electric field decreases with the decreasing 

of (θ).However; there is no noticeable effect of (θ) on the total electric field distribution on the lower surface 

except near to the inner electrode as shown in figure (5). 
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Fig. (4) Effect of inclination angle on the electric field distribution along upper cone surface 

 

 
Fig.(5)Effect of inclination angle on the electric field distribution along the lower cone surface 

 

3.2.2 Effect of spacer’s thickness on The Electric Field Distribution 

Figures (6) and (7) show the effect of changing spacer’s thickness (S) on the total electric field 

distribution on its upper and lower surface respectively. This results were obtained at fixed values of R, θ and εr 

at 3p.u,50o and 6 respectively and the only variable is the spacer’s thickness which has these values 0.1, 0.2and 

0.4p.u. From figure (6), we notice that the maximum value of the electric field decreases with the increasing of 

the spacer’s thickness, and the maximum field value shifted towards the outer enclosure. However, there is no 

observed effect of (S) on the total electric field distribution on the lower spacer’s surface except near the inner 

electrode as shown in figure (7).               

 

 
Fig. (6) Effect of spacer’s thickness on the electric field distribution along its upper surface 
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Fig. (7) Effect of spacer’s thickness on the electric field distribution along its lower surface 

 

3.3 Composite Cone Type Spacer 

A composite cone shaped spacer was modeled which combines the advantage of the long leakage distance of a 

cone shaped profile with that of the quasi-uniform field distribution of a disc-shaped profile [8]. 

 

3.3.1 Initial composite cone spacer shape 

Figure (8) show the composite cone spacer with these dimensions, ro is the outer enclosure radius, ri is 

the inner conductor radius, the difference between ro and ri is equal to 100mm and its Єr equal 6 . This spacer 

has two sides convex and concave side. It was assumed that no surface charge is accumulated on these sides of 

spacer. A 1Volt is applied to anode while the cathode is maintained at grounded potential. It can be observed 

from figure (9) that the electric field is intensified at the sharp edges (r); these values of the electric field may 

lead to flash over. 

 
Fig. (8) Initial composite cone spacer shape 

 

 
Fig. (9) Electric field distribution along concave side of initial shape at r=4mm 
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3.3.2 Optimized spacer profile 

It can be observed from figure (9) that the electric field is intensified at the sharp edges (r); these values 

of the electric field may lead to flash over. So spacer shape control is done by modifying in the sharp edge (r) to 

obtain uniform Electric field distribution along the spacer surface, the only variable in the spacer shape is the 

sharp edge (r) so there are different cases at different (r) values as shown in figure (10) where the optimized 

spacer profile at r=28 mm[8].  

 

 
Fig. (10) Electric field distribution along concave spacer surface at different values of (r) 

 

IV.   Conclusion 
Precise simulation and geometric optimization of the electric field distribution on dielectrics is a key 

aspect in the design and optimization process of high voltage apparatus. As from results it can be included that, 

the geometrical shape of the spacer has a significant influence on the electric field distribution. The spacer’s 

material type affect on the electric field distribution on and around the spacer surface. Then a composite cone  

type spacer is designed geometrically to obtain uniform electric field along the concave side of spacer. 
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