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Introduction

Neutral beam Injectors Inject multi megawatt neutral beams, )
several tens of amperes and energies from few 100 kV to MV, into
the tokamak for heating and diagnostic purposes. As a result the
gas density In the gaps is high and can lead to breakdowns often
referred to as Paschen breakdowns. Another source of stored
energy could be the inter conductor stray capacitance of the high
voltage transmission line[1][2] These breakdowns could lead to
damage of the grid segments and thereby considerable down time

\of the Injector.

/One of the possible route to reduce the stored energy could be to \/ )
lower the Inter conductor stray capacitance by increasing the
distance between the conductor and the outer ground cover. This
will result in complex geometry of transmission line and direct
estimation of inter conductor stray capacitance of such complex
geometry Is not possible. Hence a methodology Is proposed to
estimate the inter conductor stray capacitance of complex geometry
transmission line.
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High voltage transmission line[3] connects the acceleration and
extraction power supplies to copper grid in NBI system. The same Is
estimated by electrostatic simulation in COMSOL platform[4]. The
prototype of one such configuration Is fabricated and capacitance

estimation is done to verify electrostatic simulation results.
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Estimation of inter conductor stray capacitance of 3 Conductor system for 1 m prototype

¢ The effective inter conductor stray capacitance between three conductors Is estimated from the
equivalent capacitance with electric potential(=1V) being applied to one conductor and other
being grounded. Consider 3 conductors A, B, C as given in below figure, the effective inter
conductor stray capacitance between conductor A and B is C,gz. Similarly effective inter
conductor stray capacitance C,- and Cg. exist between other two conductor. When conductor B
and C are grounded ,the effective capacitance Cq,,:(A™) is Cy5 + C4c. Hioki Impedence analyzer
IM3570 1s used to measure the capacitance

Typical model of HVDC transmission line:

¢ Insulator support block is of polyethylene material having dielectric constant 2.35.The placement of
Insulator support at regular interval(at 1m) and dielectric cover of HV wire would In turn contribute to
Increase in capacitance of entire HVDC transmission line .

*» High voltage transmission line involves HV wires( with polyethylene as dielectric) connected to grids
of lon source..

¢ Aluminum ground cover would be provided surrounding all the three HV lines.

—r7Material of Insulator block 1s Polyethylene

Outer aluminiym L
<& -3 cm

| T
g\\ﬂ L '::-’;"T’*G cm s—> Copper solid conductor with

ground cover

Conductor A
Conductor B
Conductor C

Insulator

block N 2 S <-2 54cm

: diameter 6.6mm
11,6 cm
(o} a}—

- ~ [T Dielectric 1s polvethylene

— ‘

6 cm

diclectric constant 18 2.35

8 cm

corductor A 1Cac Ceqvt(A+) 1 1 011t
- T onductor CfllB _ Ceqvt(C+) 1 0 1
| Ca 7 tac Cscl |C....(BY)[IL0O 1 1
LBcC ) -
Conductor B L eque )—
L o Inter Estimated Measured
T B¢ conductor | values from values
Conductor C
stray COMSOL
| Capacitance
> Conductor A Cac 17.22 17.17
Conductor B ,
= Conductor C Cig 18.45 18.42
- Cae 15.03 15.41
A5¢cm

Results and Discussions

Estimation of inter conductor stray capacitance in COMSOL platform

The COMSOL platform Is used to estimate the inter conductor stray capacitance’s of above mentioned
configurations [5]. In COMSOL lumped parameters such as capacitance is calculated by energy method [6].
Equation below forms basis of calculation of capacitance C from integral of electric energy density \W,

Jo Wi do

C

V is the electric potential.

The estimation of inter conductor stray Capacitance parameter involve obtaining the electrostatic energy of
the system with known electric potential(\V) applied to a conductor with rest of the system being grounded.
Thus for three conductor system

;-1

Cac| : W.(AD) 11 1 0
Cip =2 W,(CHI|1 0 1
Cpel Wp(BH)J0 1 1

WhereW, (A" )is electrostatic energy of the system when Conductor A is applied with potential and V is the
applied potential. Inter conductor stray capacitance could be estimated from known electrostatic energy and
electric potential .
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values
the length of prototype

e Difference in simulation and measured values could be due to
the spacing of the conductor may not be uniform throughout

« Fair agreement between measured and simulated values[7]
- [ and are in range from 0.15% to 3% [8][9].
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* Below mentioned figure represent the electric contour and
o electric potential contour with Acceleration power supply
Electric field contour system(APSS ,  -35kV 15A ) and Extraction power supply
system (EPSS -11kV ,35A) of Twin source[10].

 For analytical estimation of inter conductor stray capacitance
only top and bottom ground planes are needed to be
considered for inter conductor stray capacitance estimation
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Summary

« Methodology formulated

e Simulation In COMSOL
platform and validation by
estimation of capacitance for
prototype
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Electric potential contour at insulator posts

Next steps

« Analytical estimation for
further validation

 variation of the Inter
conductor stray capacitance
with length

» Experimental validation by
energy measurement.

« Simulation In MATLAB
with computed parameters
for a grid breakdown.




