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Abstract. The electric field distribution in the Gas insulated switchgear (GIS) gas chamber is an
important factor for the design of GIS structure. The electric field distribution in the GIS gas chamber
should be uniform as far as possible, to avoid excessive concentration of the electric field causing the
occurrence of flashover and discharge in GIS. The electric field intensity in the gas chamber is higher
than its dielectric’s isolating strength when SF6/N2 mixed gas is used as the insulation dielectric of
the gas chamber to reduce the consumption of pure SF6, and the research in this paper aim to solve
this problem. Electric-filed numerical analysis and optimal design of GIS gas chamber structure have
been done in this paper. The GIS gas chamber 3D model is built in Solidworks, and finite element
analysis of the model is calculated in ANSYS. Electric field numerical calculation for the gas
chamber model is calculated based on the theory of electrostatic field. The calculation results show
that the electric field intensities of isolated switch, earthing switch and insulation rod are excessive
high, and the optimizations for its internal structure are necessarily followed, then calibrating
calculations of electric field are carried on the optimized model. The calculating results convey that
the electric field intensity in gas chamber decreased significantly, and the maximum value of electric
field intensity is lower than the dielectric strength of alternative gas. It means that the alternative gas
can meet the insulation requirements for the gas chamber after optimization.

Introduction

With the continuous development of the power system, the gas insulated switchgear (GIS) which
is known as reliable and compact apparatus has become an integral unit for the distribution network.
The electric field distribution in its gas chamber is an important content for the structure design of
GIS. Favorable design of its electric field distribution should be uniform as far as possible, to avoid
excessive concentration of electric field which could lead to the flashover and discharge in GIS. High
cost and long time-consuming of the high voltage experiments have limited the efficiency and cost of
high voltage apparatus’ development. With the prevalence and development of numerical simulation
theory and large commercial software analysis for electromagnetic field, simulating
three-dimensional electric field distribution becomes possible [1]. Electric field numerical simulation
applied to the design of new GIS gas chamber can effectively reduce the development costs and
shorten the development period.

At present most of the GISs adopt pure SF6 gas as insulating medium. SF6 gas has an excellent
insulating property, but the usage of SF6 would be controlled before 2020 in the world because of its
severe greenhouse effects [2-4]. It is found that the insulating strength of nitrogen can increase
greatly by mixing up with small amount of SF6 [5]. And the electric strength of 30%SF6/70%N2 is
5.5kV/mm at 0.15MPa, slightly lower than pure SF6 gas at the same pressure. The mixed gas SF6/N2,
a kind of environmentally friendly gas, used as the electrical insulating medium in GIS instead of
pure SF6 gas is one of the most effective methods to reduce the usage of SF6 gas according to the
previous studies. This paper studies the phenomenon that the electric field intensity in the gas
chamber would get higher than the dielectric’s insulating strength when taking SF6/N2 mixed gas as
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insulation medium instead of pure SF6. The regions which noted with high electric field strength in
the gas chamber have been found out with the numerical simulation work of electric field while
taking the gas chamber structure as studying object, and the electric field strength in the gas chamber
has been decreased through the optimization of its structure. All the works mentioned above can
provide basic research references for the application of environmentally friendly gas in 40.5kV GIS.

Gas chamber model and electric field calculation

Gas chamber model. The gas chamber components mainly include busbar, busbar insulation
tubings, vacuum interrupters and insulation drawbars, 3 position switchgear, connecting parts, etc.
The calculating areas are composed of these components and the insulation dielectric filled in the gas
chamber, and the gas chamber shell is the calculating boundary. The 3D model can be more accurate
to reflect the characteristics of gas chamber model, because most of the gas chamber components are
non-symmetrical structure. Gas chamber 3d model is established according to the actual size, as
shown in figl.

Fig.1 Gas chamber model

The mathematic model of electric field. There are many materials in the gas chamber, mainly
including conductors and insulation materials. Conductor material is copper which would be
regarded as equipotential body in the electric field calculation for its good electrical conductivity.
Insulating materials include PVC, SF6/N2 mixed gas, epoxy resin, etc., and the displacement currents
of these materials are much higher than the conduction current under the effect of frequency electric
field, so these insulating materials can be regarded as ideal dielectrics. The influences of induced
electric field can be neglected because of the low frequency of power frequency voltage. The electric
field in the gas chamber can be considered as electrostatic field, and the distribution of electric field is
expressed by electrostatic field equation. Electrostatic field equation of differential form can be
represented as:

VeD=p @
VxE=0 2)
In combination with constitutive equation:

D=¢E @)

And these three equations constitute basic equations of the static electric field, D is the electric
displacement; pis the charge density; E is the electric field intensity; ¢ is the dielectric constant

determined by the material properties; and the electric field intensity vector is equal to negative
potential gradient:
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E=-Vgp (4)

Simultaneous equations.

Vip=-£ (5)

g

Equation(5) is the differential equation of electrostatic potential. The potential value of any point
in the space can be calculated out by solving the equation. The distribution of electrostatic field can
be determined with consideration of boundary conditions. The boundary conditions electrostatic field
can be expressed as:

op, o0p,
& = +&, p o (6)

o is free charge surface density.

The electric field calculation. The gas chamber model has been meshed before electric field
calculation. The mesh quality has a significant effect on the simulation results. This paper adopts
tetrahedral grid to mesh the gas chamber model, and the meshing result is shown in fig2. The gas
chamber model is meshed into 7245180 nodes finally, and it can meet the requirements of the

calculation accuracy.
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Fig.2 Meshing

The 40.5kV GIS is required to endure the lightning impulse voltage at 215KV for isolation fracture
and 185kV for ground fracture. The isolation fracture is applied with voltage at 215kV while the
voltage on ground fracture is 185kV in the simulation work, and the ground contact and the shell are
kept at zero potential. Fig 3 is the electric field intensity distribution of the gas chamber when the
isolation switches work at the grounding position. Fig 4 is the electric field intensity distribution of
the gas chamber when the isolation switches work at the operating position. As shown in the diagram,
the regions with maximum electric field intensity appear in the end of the isolated fracture when the
isolated switch is working at the grounding position. The value of the maximum electric field has
exceeded the alternative gas’s electric strength. The electric field intensity distributions on ground
fracture and insulation pole surface are relatively concentrated and the value of the maximum electric
field has exceeded the alternative gas’s electric strength too. So the electric field distribution on
above mentioned regions cannot meet the insulating requirements of the gas chamber, and the gas
chamber structure need to be optimized then.
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Fig.3 Electric field intensity of isolated fractures
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Fig.4 Electric field intensity of grounded fractures

Structure optimization and electric field checking calculation of the gas chamber

Structure optimization. The structural optimization for the high electric field intensity areas
mainly include the added shielding devices on three position switch, the modified and improved
structure of the terminal and connecting terminal, and redesigned the insulation drawbars. The gas
chamber model is reestablished after the optimization, as shown in fig 5.
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Fig.5 The model of the gas chamber after optimization

Electric field calibration. Electric field calculating work on the optimized gas chamber model is
done, and the calculating steps are the same as before. The results of calculation are shown in fig 6
and fig7. Drawing from the results, the electric field distribution patterns are similar to the previous
simulating results.. The electric field intensities on the ground fracture, isolation fracture and the
surface of insulating rod are still high. But the maximum value of electric field strength is below
5.5kV/mm. The insulating strength of alternative gas can meet the gas chamber’s insulating
requirements completely.
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Fig.6 Electric field intensity of isolated fractures after optimization
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Fig.7 Electric field intensity of grounded fractures after optimization

Tablel: Comparison of before and after optimization

Optimization part

Before optimization

After optimization

Whether to meet the
requirements

Isolated fracture 6.29 kV/mm 4.24 kV/mm Y
Grounded fracture 6.60 kV/mm 4.33 kV/mm Y
Insulation drawbars 5.86 kV/mm 3.65 kV/mm Y

Conclusion

This paper studies the problem that the electric field intensity of the gas chamber can’t meet the
insulation requirements when SF6/N2 mixed gas is used as the insulation medium of the gas chamber
instead of pure SF6. The maximum electric field strength of the gas chamber is reduced with
numerical simulation of electric field, distribution of the field strength and optimization of the gas
chamber structure. The electric field intensity of the whole gas chamber is less than 5.5kV/mm,
ensuring the insulation strength of the substitute gas could meet the insulation requirements of the gas
chamber.
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