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Abstract. With the increase of electric network voltage in power system, the internal discharge 
phenomenon of gas insulated substation (GIS) during operation often happens. In this paper, a 3-D 
simulation model of GIS with metal protrusion on basin-type insulator was utilized to study the effect of 
metal protrusion on the electric field distortion in GIS. It can be concluded from simulation results that the 
electric field increases with the height of metal protrusion when the radius is constant, while decrease with 
the increase of radius of metal protrusion. In addition, the metal protrusion near high voltage conductor lead 
to more severe electric field distortion than that near grounded enclosure. This work is of significance for 
the actual operation and maintenance of GISs in the power system. 

1 Introduction 
Gas insulated substation (GIS) has been rapidly 
developed in the power system, due to the advantages of 
high reliability, fast installation and convenient 
operation[1]. However, some metal protrusion will be 
produced inevitably in the cavity of GIS during the GIS 
installation and operation. These metal protrusion and 
suspended particles can cause distortion of the electric 
field and excessive local electric field inside GIS, which 
lead to the corona discharge and breakdown[2]. 
Especially, with the increase of electric voltage and 
capacity in power system, even small defects can lead to 
internal failures in compact GIS equipment. Insulation 
defects are increasingly becoming the main cause of 
equipment failure for GIS. Figure 1 shows the discharge 
phenomenon caused by the presence of metal protrusion 
inside the GIS. Therefore, it is important to analyse the 
electric field distribution when the metal protrusion exist 
in GIS, which is helpful to reduce the failure rate of GIS 
and ensure the reliable operation of the power system. 

In the research of the distribution of electric field 
inside the GIS, references 3-5 is mainly about 
electromagnetic numerical simulation of basin-type 
insulators under different shapes when GIS is in stable 
operation. These calculations are all in an ideal state 
without the effect of metal protrusion. Moreover, 
references 6-8 is studying the effect of suspended 
particles on the electric field distortion in GIS chamber. 
The suspended particles studied are mainly concentrated 
near the basin-type insulators. 2-D axisymmetric model 
was utilized in reference 9 to investigate the distribution 
of electric field in GIS with the exit of metal protrusion. 
However, the axisymmetric model is proved to be 
inappropriate when considering the metal protrusion. 

Three-dimensional electric field simulation model is 
used to calculate the local electric field intensity 
distortion with the exit of metal protrusion in GIS in this 
paper. The finite element method is utilized to simulate 
the electric field when metal protrusion of different sizes 
and shapes located in different positions on the basin-
type insulator. 

 

Fig. 1. Discharge traces on basin-type insulator in GIS. 

2 Simulation model 
Figure 2 dedicates 3-D simulation model of basin-type 
insulator in GIS without the metal protrusion. 

2.1. Governing equations 

A three-dimensional simulation model was established 
when considering the existence of metal protrusion in 
GIS. And the governing equations are expressed as 
follows: 

=D ρ∇ ⋅  (1) 

0E∇× =  (2) 
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=D Eε  (3) 

2 = ρϕ
ε

∇ −  
 

(4) 

where D is the displacement vector, ρ is the electric 
charge density, E is the electric field intensity, ε is 
permittivity, φ is the electric potential. 

Laplace equation is utilized for areas with no electric 
charge. 

2 =0ϕ∇  (5) 

 

Fig. 2. 3-D model of basin-type insulator in GIS. 

2.2 Meshing grid of the model 

The calculation procession of finite element method 
mainly includes three parts: pre-processing, model 
calculation and post-processing. Then the pre-processing 
includes the establishment of model and meshing. The 
meshing of simulation model is a key step in 
determining the accuracy of model calculation. 

Table 1. Element dimension parameters of mesh. 

Properties of gird Values 

Maximum unit size 
(mm) 10 

Minimum size 
(mm) 0.1 

Maximum unit 
growth rate 1.3 

Curvature factor 0.2 

Resolution of 
narrow area 1 

If the overall mesh is too sparse, the metal protrusion 
object may not be meshed. However, if the grid is too 
dense, it will lead to a huge increase in computing time, 
resulting in unnecessary waste, and even unable to 
calculate because of the lack of computer memory. In 
order to solve the above issues, COMSOL software is 
utilized in this paper. The simulation software uses a 
combination of virtual boundary surface and multi-layer 

boundary to mesh the established geometric model. The 
multi-layer boundary method is a kind of grid local 
refinement method used in COMSOL software. 
Applying multi-layer boundary locally in the model can 
refine the local grid and improve the calculation 
accuracy. The entire field contains 1 625 801 units, and 
the specific settings are shown in table 1. The partial grid 
of mesh is shown in figure 3. 

 

Fig. 3. Local grid of mesh. 

2.3 Calculation procedure 

The simulation calculation in this paper is divided into 
two parts: the distributions of electric field when the 
metal protrusion is located on the convex side and 
concave side of the basin-type insulator. 

Firstly, a 3-D model of GIS with the exist of metal 
protrusion was established. The material of the high-
voltage conductor and metal protrusion is made of 
copper, while the gas in GIS is set to be SF6. And the 
breakdown field strength of SF6 under different 
pressures is shown in table 2. Then, the boundary 
conditions and loads were applied in the model to get the 
simulation results. The voltage applied on the high 
voltage conductor is fixed at 220 kV. Next, change the 
position and size of the metal protrusion, and repeat the 
previous calculation step to obtain the distribution of 
electric field intensity generated by different locations 
and different size metal protrusion. 

Table 2. The critical field strength of SF6. 

Pressure (MPa) Electric field 
strength (V/m) 

0.2 1.77×107 

0.4 3.54×107 

0.6 5.31×107 

3 Results and discussion 
The simulation results of metal protrusion located at 
different positions are compared and analysed in the 
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following part. The different positions of metal 
protrusion are shown in figure 4. 

 

Fig. 4. The position of metal protrusion on basin-type insulator. 

3.1. Analysis of metal protrusion on the convex 
side 

On the convex side of basin-type insulator, positions 1, 2 
and 3 are chosen to study the effect of metal protrusion 
on the distortion of electric field. In order to avoid the 
interference, when metal protrusion at one specific 
location is studied, no other metal protrusion exists at 
other locations. As shown in figure 5, the electric field 
intensity increases sharply in the presence of metal 
protrusion. The value of electric field near metal 
protrusion is 10 times more than other locations. 

 

Fig. 5. The electric field distribution around metal protrusion. 
Then the position and size of metal protrusion have 

been changed to study the variation of electric field. As 
shown in figure 4, the simulation results of different 
positions on convex side are investigated. We summarize 
the distortion of electric field under different metal 
protrusion, and the corresponding results are obtained as 
shown in figures 6 and 7. 

Through the analysis of calculated results, we found 
that the electric field increases with the height of metal 
protrusion when the radius is constant. While the electric 
field increases with the decrease of radius of metal 
protrusion when the height is constant. In addition, the 
intensity of the electric field generated by the same 

metallic foreign body at different positions also varies 
greatly. 

 

Fig. 6. Influence of metal protrusion height of convex side on 
magnitude of electric field strength. 

 
Fig. 7. Influence of metal protrusion radius of convex side on 

magnitude of electric field strength. 

3.2. Analysis of metal protrusion on the 
concave side 

As previous study in the above section, the effect of 
metal protrusion in the concave side on the distortion of 
electric field is analysed. The effect of height and radius 
of metal protrusion under different positions are studied 
in figures 8 and 9. As shown in figure 4, the position 
selected on the concave side are marked as position 4, 5 
and 6. 

As for the metal protrusion on the concave side, the 
local electric field intensity generated also satisfies the 
basic relationship: the electric field increases with the 
height of metal protrusion when the radius is constant, 
while decrease with the increase of radius of metal 
protrusion when the height is constant. 
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Fig. 8. Influence of metal protrusion height of concave side on 
magnitude of electric field strength. 

 

Fig. 9. Influence of metal protrusion radius of concave side on 
magnitude of electric field strength. 

3.3. Comparative analysis of metal protrusion 
on two sides 

In order to study the different effect of metal protrusion 
on convex and concave side of basin-type insulator, the 
metal protrusion of same size at corresponding position, 
like position 1 and 4, is discussed in this part. 

 
Fig. 10. Comparative study of electric field at position 1 and 4. 

 

 

Fig. 11. Comparative study of electric field at position 2 and 5. 

 

Fig. 12. Comparative study of electric field at position 3 and 6. 
We can find through the above picture that the metal 

protrusion on the concave side of basin-type insulator 
cause more serious electric field distortion than that on 
the convex side. Moreover, the difference is not so 
obvious when the metal protrusion near the high voltage 
conductor. However, the difference in electric field 
distortion on two sides increase as the metal protrusion 
getting closer to the grounded enclosure. 

4 Conclusions 
The 3-D simulation model of GIS with basin-type 
insulator was utilized to study the effect of metal 
protrusion on the electric field distortion in GIS. 
Through the calculation and analysis, we found that the 
metal protrusion in different positions can cause 
different distortion of electric field intensity. The metal 
protrusion near high voltage conductor lead to more 
severe electric field distortion than that near grounded 
enclosure. In addition, the electric field increases with 
the height of metal protrusion when the radius is 
constant, while decrease with the increase of radius of 
metal protrusion when the height is constant for all metal 
protrusions. 
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