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ABSTRACT: Standard capacitors are loss free (negligible loss) capacitors. Hence, they are gas filled capacitors. For
high voltage applications they also need to be corona free at the operating voltages. The paper deals with modelling and
Analysing 12 kV, 100 pF Standard Capacitor using Finite Element Method (FEM) Software package . FEM Basics and
how it is used to solve the voltage distribution in two dimension area is discussed. The various factor that effects on
capacitance like re-entrant edge radius , height of capacitor above ground level are analysed using simulation result.
The effect of eccentricity on capacitor maximum stress and capacitance is done using both simulation and
Experimentation.
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I.INTRODUCTION

In all engineering undertakings, economical, technical and practical aspects are taken into consideration to establish
the optimum solution or design. Generally electrical insulating materials convert some electrical energy into heat
while being stressed by an electrical alternating field. This is termed as dielectric loss. It is important to measure the
loss aspects of dielectric material. Practical measurements often involve measuring the capacitance and the dissipation

factor of insulation, concurrently. In high voltage systems the dielectric loss of the insulating system needs to be
measured at the system voltages or higher [1-3].

Measurement of dielectric loss will involve use of standard capacitor [4, 5]. Standard capacitors can also be used in
measurement of peak value of alternating voltages. Standard capacitors also find their use in many other applications
like partial discharge measurements [6]. These applications require standard capacitors, which are loss free.The
present paper work deals with, modeling of HV standard capacitor of 100 pF,12 kV (rms), using FEM software

package. Analysis of variation in electric stresses and capacitance of standard capacitor with variation of eccentricity
of standard capacitor.

The present project work deals with, modeling of HV standard capacitor of 100 pF,12 kV (rms), using FEM software
package. Analysis of variation in electric stresses and capacitance of standard capacitor with different conditions.

I1. ANALYTICAL CALCULATION FOR COAXIAL CAPACITOR
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Fig 2.1 Co-axial capacitor without re-entrant edge
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Following are the assumptions made for the calculation of capacitance of co-axial capacitor.
1. Charge over the surface of both electrodes is uniformly distributed.
2. The edge effect is not considered.
3. The ground effect is not considered.

Let us assume that electrode 1 and electrode 2 carry a charge of +Q and —Q respectively.

By applying Gauss’s law to an arbitrary Gaussian cylinder surface of radius r we get
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Q=<c$E.dS= E 2nrlL (1)
From equation 1
E= :.':fh‘., G (2)
By using above Expression

= [E.dl= —ln{:r] + A @)
Where A depends on voltage of both electrodes
By replacmg r =ry in equation 3 we get voltage on conductor 1
V== ln{'.r'ij + 4 4)
By replacmg I =, in equation 3 we get voltage on conductor 2
7 = <nGs) + 4 )
Voltage dlfference between two electrodes
V=¥ -%=m(3) (6)
Capacitance of coaxial capacitor is given by
= g _ ImsL )

= =
: -y
v 1”-:1,-

To consider ground and edge effect on capacitor the numerical method toll is required.

111.STANDARD CAPACITOR DIMENSIONS WITH RE-ENTRANCE EDGE
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Fig 3.1 Standard capacitor front view dimensions.

The fig 3.1 is standard capacitor which is designed to minimize the edge effect. The analysis of this type of structure

can’t be done by normal techniques, numerical methods are required to solve this types of examples. FEMM is one

such software which provides graphical interface to solve Electric stress analysis by FEM method.
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IV. FEMM MODEL OF STANDARD CAPACITOR

Finite Element Method Magnetics (FEMM) is a FEM software package used for solving 2D planar and axis symmetric
problems in electrostatics and problems in low frequency magnetic. FEMM is freely available software. The standard
capacitor modelling comes under axis symmetric problem as the field distribution along one axis of capacitor is same
thought 360°.

The FEMM model of standard capacitor will appear as shown in fig 4.1

Inner electrode

/ Outer electrode

Airgap

/ Ground electrode

Fig 4.1 FEMM standard capacitor model

V. FEMM RESULT ANALYSIS

V.l ELECTRIC FIELD INTENSITY AT EDGE OF CAPACITOR

g Pyy= I b with re entrant edge
03r [woms — without re entrant edge

X 10.28 -
Y- 0248

Electric field intensity in pu
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Fig 5.1 FEMM simulation result of variation of radial electric field intensity (with re-entrant edges in the coaxial
capacitor)

From fig 5.1 it can deduce that the electric field intensity at edge of HV electrode without re-entrant edge is 0.25 times
more than electric field intensity with re-entrant edge. The electric field intensity at edge of ground electrode without
re-entrant edge is 0.21 times more than electric field intensity with re-entrant edge. Which infer that the electrodes
without re-entrant edge will stress more at edge.

V.11 VARIATION OF CAPACITANCES WITH LENGTH OF CAPACITOR
V.ILA. WITHOUT REENTRANT EDGE WITHOUT GROUND EFFECT

From fig 5.2 It can deduce that the variation capacitance of capacitor (without re-entrant edge and not considering
ground effect) plotted using FEMM and analytical (equation 3.7) are same. Even though the FEMM considers the edge
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effect there is not much variation in capacitance value of FEMM and analytical .therefore it can infer that the edge
doesn’t effects on capacitances of capacitor.

+  Analytical Calculation of co-axial capacitor without reentrant edge

¢ Simulated for co-axial capacitor without reentrant edge using FEMM software package
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Fig 5.2 Variation of capacitances of capacitor with change in length of capacitor without re-entrant edge and without
considering ground effect

V.11.B. WITHOUT REENTRANT EDGE WITH GROUND EFFECT

+  Analytical result assuming coaxial capacitor without re-entrant edge

@ Simulated using FEMM software package without re-entrant edge with ground effect
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Fig 5.3 Variation of capacitances of capacitor with change in length of capacitor without re-entrant edge and with
considering ground effect

From fig 5.3 it can deduce that the variation of capacitance of capacitor (without re-entrant edge and considering
ground effect) with variation of length of capacitor plotted using FEMM has incremented by 15 pF value with
analytical (equation 3.7) value. It is because the ground effect has not considered in analytical equation. It can also be
infer that the ground capacitances is not much varied with variation of length of capacitor.
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V.11.C. WITH RE-ENTRANT EDGE WITH GROUND EFFECT

S Simulated using FEMM with re-entrant edge with ground effect
+ __Analytica calculation without re-entrant edge without ground effect
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Fig 5.4 Variation of capacitances of capacitor with change in length of capacitor with re-entrant edge and with
considering ground effect

From fig 5.4 it can deduce that the variation capacitance of capacitor (with re-entrant edge and with considering ground
effect) with variation of length of capacitor plotted using FEMM has incremented by 25 pF value with analytical

(equation 3.7) value. It is because the ground effect and re-entrant edge effect has not considered in analytical equation.
The effect of ground and re-entrant edge on capacitance with variation of length of capacitor is constant.

V.11 ELECTRIC FIELD DISTRIBUTION OVER HV ELECTRODE OF STANDARD CAPACITOR

45
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Fig 5.5 FEMM simulation result of variation electric field intensity over HV electrode (inner electrode) surface

1

From fig 5.5 it can deduce that the maximum electric field stress over HV electrode is not more than 4.5kV/cm at
17kV applied at HV electrode. It can also deduce that the electric stress at re-entrant edge is much lesser than maximum

electric stress.
V.1V ELECTRIC FIELD DISTRIBUTION OVER GROUND ELECTRODE OF STANDARD CAPACITOR
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Fig 5.6 FEMM simulation result of variation electric field intensity over ground electrode (outer electrode)
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From fig 5.6 it can deduce that the maximum electric field stress over ground electrode is not more than 3.5kV/cm at
17kV applied at HV electrode. It can also deduce that the electric stress at re-entrant edge is much lesser than maximum
electric stress.

V.V VARIATION MAXIMUM ELECTRIC STRESS OF STANDARD CAPACITOR AS FUNCTION OF
HEIGHT OF STANDARD CAPACITOR ABOVE THE GROUND PLANE
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Fig 5.7 FEMM Simulation result of variation of maximum electric field intensity over HV electrode (inner electrode)

From fig 5.7 it can deduce that the maximum electric field intensity over HV electrode is more than 5kV/cm if the
height of HV electrode is less than 4.5 cm so minimum height of capacitor above ground level should be more than 4.5

cm.
V.VI ELECTRIC FIELD DISTRIBUTION OVER GROUND SURFACE
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Fig 5.8 FEMM simulation result of variation of electric field intensity along ground surface

From fig 5.8 it can deduce that the maximum electric field intensity over ground surface is less than 3kV/cm. It can
also infer that the effect of ground on capacitor is less after 36 cm away from centre axis.

V.VII Electric field distribution from ground surface to bottom edge of inner electrode of standard capacitor
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Fig 5.9 FEMM simulation result of variation of electric field intensity in the range of 0 to x2

From fig 5.9 it can deduce that the electric field intensity from ground surface to bottom edge of HV electrode is
increasing. And stress at bottom point of HV electrode is 4.4kV/cm which is less than maximum stress.
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VI.CONCLUSION

The electric field intensity and capacitance is analysed for various conditions using FEMM 2D software. The maximum
value of electric field strength along the inner electrode and outer electrode surface occurs close to upper re-entrant
edge and it is less than designed value of 5 kV/cm . This avoids the possibility of corona. The maximum value of stress
without re-entrant edge is 1.25 times than maximum stress with re-entrant edge.
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