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Flashovers and Breakdown in Power Equipment

= Two important trends in power
transmission technology are

(i) Increasing voltage levels

(i) Compacting

= This implies inevitably an
increasing risk for dielectric
breakdown and flashovers

- Detailed E-field simulations are
needed to avoid discharges and
flashovers; simple rules of thumb
are not sufficient

Long discharges created with a
high voltage test equipment
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Discharge Theory

An important quantity is the effective ionization ¢(E), i.e. the net ionization
rate in the gas (ionization rate minus the recombination and attachment rates)

For a short gap with a homogeneous electric field breakdown occurs if
aeff(E) >0

For air the critical field strength is E = 2.6 kV/mm

In a longer gap with inhomogeneous field the criterion for localized streamer
discharge to occur near an electrode is that the integral of o.4(E) along a field
line should be larger than C_,;, = 15-20

S = Iaeff(E)dl > Ccrit

Even if a4(E) < 0 on parts of the field line, a streamer can propagate and
bridge the gap provided the average field satisfies

(E)=U/L>U,/L+E,
where U is the voltage, L the length of field line, U, and E, are constants
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Effective lonization for Air

The effective ionization function o.4(E) is different for different gases

For air it can be approximated by

Qex(E) = p{k[i - Aj - A:l

where E is given in kV/mm, the pressure p in bar, k equals 1.6 mm bar /kV?, A
equals 2.2 kV/(mm bar), and A is 0.3 1/(mm bar)

Note that o «(E) > 0 for E/p > 2.6 kV/mm
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Solution Procedure
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We need to calculate the field line
integrals S and L :I di

To do this we:

1. Solve for the electric field using
the Electrostatics interface

2. Employ the Particle Tracing
module to perform the field line
integrals
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Particle Tracing

- The field lines are traced by » Equation
assuming Massless Particles = Particle Velocity
moving with a velocity parallel to Particle velocity

E ' . mfs

- Field line integrals are computed
as Auxiliary Dependent Variables

4 }f% Charged Particle Tracing (cpt)

= Alarge number of field lines can %5 Axial Symmetry 1
then be analyzed by injecting < Poriele Properies]
” 1 ” 1 1 5 Inlet pos electrode
particles” distributed over one of < oy Desement Varishe pos
the eleCtrOdes %+, Auxiliary Dependent Variable neg

%+ Auxiliary Dependent Variable length
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Running the Simulation

[, Time Dependent [ rodel Library = B8 ]
= = The procedure is executed
= Study Settings by first running the
Times ange000LLend) . electrostatic field solver and

then the time dependent
particle tracing for a
sufficiently long time for all
™ Flaystes and Varables Selection "particles” to reach the

[ Modify physics tree and variables for study step OppOSIte electrode

Relative tolerance: [7] | 1.0E-5

¥ Results While Solving

Physics Solve ... Discretization
Electrostatics (es) o Physics settings -
Charged Particle Tracing (... vy Physics settings -

¥ Values of Dependent Variables
¥ Mesh Selection

b Study Extensions

© ABB Group EURO
October 23, 2012 | Slide 7 2012



2D Axisymmetric Example

Electric field (\Vim)
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2D Axisymmetric Example

- Discharges starting from the inner high voltage electrode

Region with positive
net ionization
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Field lines satisfying
the inception
condition S > C_;

Field lines satisfying
the propagation
condition



2D Axisymmetric Example

- Discharges starting from the grounded wall

C (
] |
L -
Region with positive Field lines satisfying
net ionization the inception
condition S > C;
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Field lines satisfying
the propagation
condition



3D Example

- Same as the 2D case but with an added protrusion on the inner
conductor

Protrusion

3D geometry 1000 field lines being Field lines satisfying

analyzed the propagation
condition from the

inner conductor

COMSOL

CONFERENCE
© ABB Group EUROCPE T
October 23, 2012 | Slide 11 2012



Conclusions

The new Particle Tracing Module enables an easily implemented way of
calculating integrals along field lines and hence the evaluation of
discharge criteria

The method works in both 2D and 3D

Thousands of field lines can be analyzed simultaneously with reasonable
computational effort
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