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Abstract. In Gas Insulated Switchgear (GIS) substation, the spacer used for supporting conductor,

isolating air chamber and insulation is a very important insulation component in GIS pipe, and it is

important to study the spacer to ensure the insulation performance and quality of GIS. Local distortion of
electric field distribution will be produced when electromagnetic wave propagates to spacers. In this article,

the static capacitance calculated by electromagnetic simulation is used to model spacers.

1 Introduction

With high amplitude and broadband electromagnetic
waves caused by switching operation propagating in gas
insulated switchgear (GIS) pipe, vary fast transient over
voltage (VFTO) will be produced in GIS [1-3]. Field
distribution of electromagnetic wave propagating in GIS
can be distorted locally at the discontinuous/abrupt
positions like spacers. Setting up equivalent circuit
model of basin-type insulator correctly is very important
to study the VFTO [4-8].

Spacers cast by epoxy resin under high vacuum are
widely used in GIS pipe. The electric field distribution
will be changed around spacers [9], and the
electromagnetic wave is no longer TEM or quasi TEM
[10]. Ansoft Maxwell is a kind of electromagnetic field
simulation software based on finite element method, and
the static capacitance calculated by electromagnetic
simulation is used to replace the transmission line mode
to simulate the spacer. Then, a simplified capacitance
calculation method of spacers is proposed in the paper.

2 Principle of extracting static
capacitance by finite element software

Ansoft Maxwell based on finite element method, has an
intuitive and easy-to-use graphical user interface (GUI)
and an automatic adaptive mesh solver, and it can not
only display the electromagnetic field distribution of the
object, but also automatically calculate the
electromagnetic force, inductance and capacitance.

The calculation of static capacitance is mainly
through the calculation of electric field energy by
software of Ansoft Maxwell, the formula of the electric
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field energy stored between two conductors due to
capacitive coupling as follows in formula (1) for passive
field [11].
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Where, electric field energy between conductor i and
j is represented by Wj , electric displacement vector
caused by conductor i and electric field intensity caused

by conductor ;j represented by D, and E ; - The
capacitance between the two conductors can be obtained

as formula (2) when the potential distribution is known
in the calculation area.
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3 Calculation of distortion capacitance
of spacers

Capacitance of the coaxial structure of transmission line
per unit length is as follows:

2re
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Where, dielectric constant between coaxial

conductors is represented by &, meanwhile, 7, and 7,

are radius of inner and outer conductor respectively.
For 1100kV UHV GIS pipe, the relative dielectric
constant of spacers and SFs are 5.2 and 1.002, and the

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 185, 01014 (2020)
ICEEB 2020

http://doi.org/10.1051/e3sconf/202018501014

radius of inner and outer conductor of pipe are 90mm
and 440mm. Capacitance of the pipe per unit length C'01

can be calculated when insulating material is SFs only in
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(a) Plane structure.

pipe, where C;; =35.108 pF/m . The plane structure

and three-dimensional diagram of the basin insulator are
shown in Fig.1

(b) Three-dimensional structure.

Figure 1. Structure diagram of spacers.

The 2D module is used to simulate spacers because
of its symmetrical structure, and its electric field
distribution is shown in Figure 2(a) by simulation when
the length of pipe is 1.2m.

From the Figure 2(a) we can see that the area of
electric field distortion is within the range and the value
of capacitance C is 50.803pF, and the equivalent circuit
model of spacer is shown in Figure 2(b), then the
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compensation capacitance in the electric field distortion
region is:

AC=C-1xC, @)

Bring in the data and get the static compensation
capacitance is 8.6734pF.

5. PrTe-000
5. A5G0 «000
4. 75260000
. YRS R0

. 1Y 000
3. %7 e 000
5. 5360 R0
I 1. Ti11ea000
1. 40708000

0.6 (meter)

(a) Electric field distribution of spaces

o

(b) Equivalent circuit model of spacer

Figure 2. Electric field distribution of spaces
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the correctness of Ansoft Maxwell under the same

g - conditions.
4 Accuracy verification of Ansoft Simulation model of spacer in figure 3, consisted by
Maxwell parallelograms of equal area and different angles, have

the same base length /, and angle between spacers and
central conductor is represented by € , then the thickness
of spaceris d =/ xsin@ .

Comparing the simulation results of two kinds of
software of Ansoft Maxwell and ANSYS used to verify

/=88.3mn]

Figure 3. Simulation model of spacer with angle variation

For the simulation model in figure 3, when the

voltage of inner conductor is 1V and that of outer 5 Analvsis of compensation
conductor is OV, and values of & are 30 °, 45 °, 60 °, ysl P !

75 ° and 90 ° respectively, the value of total capacitance capacitance of spacers
of spacer calculated by two kinds of software and the The

. . . . effect of electric  distortion at the
relative error of two kinds of software is shown in table 1.

discontinuous/abrupt positions like spacers is usually
regarded as a lumped circuit element inserted into the

Tablel. Comparison of total capacitance value of spacer .. . .
transmission line model, such as compensation

between ANSYS and Maxwell

9 (%) ANSYS Maxwell Relative capacitance [12]. With the change of spacer structure, the
(pF) (pF) error % compensation capacitance of electric field distortion of

90 55.145 55.146 0.0018134 spacer will also change.

75 54.601 54.595 0.01099 Simulation model of rectangular spacer with the same

60 53.02 53.016 0.0075449 thickness as spacer model in figure 3 is shown in figure 4,

45 50.615 50.607 0.0158081 and cross-sectional area is unchanged when & are taken

30 47.872 47.865 0.0146245 as 5° 10 °, 15 °, 20 °... and 90 ° in figure 3. For

) ) 1100kV GIS pipe and 220kV GIS pipe, compensation
With the change of spacer angle, the maximum capacitance values of the two simulation models in
relative error is not more than 0.02% between two kinds figure 3 and figure 4 are used for comparison and

of software, and the result of static capacitance can be

lysis with the ch: fa.
calculated exactly by Maxwell. anatysis wi © chalge 0

d

Figure 4. Simulation model of rectangular spacer

and outer conductor of pipe are 90mm and 440mm.

. . . According to simulation models in figure 3 and figure 4,
5.1 Analysis of compensation capacitance of th Tts of i ¢ h .
1100kV GIS spacer €n results oI compensation capacitance are shown in

Figure 5.

For 1100kV GIS pipe, the relative dielectric constant of
spacers and SFs are 5.2 and 1.002, and the radius of inner
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Figure 5. Compensation capacitance of 1100kV GIS spacer

The compensation capacitance of the spacer increases
with the increase of the angle in Figure 5, and the
maximum relative error of the value of compensation
capacitance between two simulation models is about
10% at the same angle.

5.2 Analysis of compensation capacitance of
220kV GIS spacer

For 220kV GIS pipe, the relative dielectric constant of
spacers and SFe are 4.0 and 1.002, and the radius of inner
and outer conductor of pipe are 30mm and 320mm.
According to simulation models in figure 3 and figure 4,
where /=75mm, then results of compensation capacitance
are shown in Figure 6.
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Figure 6. Compensation capacitance of 220kV GIS spacer

With the increase of the angle, the compensation
capacitance value increases, and the compensation
capacitance value in two cases basically coincides from
the Figure 6.

6 conclusions

The static capacitance calculated by electromagnetic
simulation can be used to model spacers, and for 1100kV
GIS pipe, the static compensation capacitance is
8.6734pF. The compensation capacitance of the same
area spacer increases with the increase of the angle, and
the compensation capacitance of the spacer with a certain

angle can be approximately equivalent to that of the
rectangular insulator with the same thickness, which can
simplify the calculation of the compensation capacitance
of the spacer.
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