
Some complements
Introduction

In order to translate the environment constraints into equipment ones, it
is necessary to compute the field values inside some system. I give here
some techniques to realize this task without any 3D software, based on
an extended use of Branin’s models. A second application we have seen
of these models are the harnesses modelling. It can be used too for bulk
current injection modelling, that’s the second part of this presentation.
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Some complements
Zoning

Following Collin and as we said before, a full cavity can be modelled using
waveguides. In these waveguides, propagator must be considered as:

p = jω + αv

v being the group speed and α the coefficient for losses. Each Branin’s
structure has the form:

Z =

[
Zc + θG f (θL − Zc) e−τp

f (Zc − θG ) e−τp Zc + θL

]
(1)

θi are the limit conditions in the waveguide, Zc its characteristic
impedance depending in the mode, and τ the group delay x/v . f is a cut
function given by:

f =
1

1 +
λg

λc

λg is the group wavelength.



Some complements
A cavity as a set of empty volumes

What must be seen in the cavity is not the material, but the empty
space! This is the location where free fields propagate and that is
modelled by branins. Let’s take a look to some structures. Firs one is the
most simple one: a rectangular cavity excited on one side: to find the
propagation ways, we need to excite the cavity anywhere.

Figure 1 Figure 2
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A cavity as a set of empty volumes

Figure 3

Figure 4

In this new structure, the material inside the cavity is lower than its
height. So the mode is different from the previous case, and some
electric field lines are represented below. But the graph stills the same
with a single way to propagate.
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A cavity as a set of empty volumes

Figure 5

Figure 6

In this structure, the material cover all the height of the cavity. The field
is constrainted to turn around and gives a branin that return to a single
and common edge of frontier.
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A cavity as a set of empty volumes

Figure 7

Figure 8

The field is separated in two directions by two materials that cover all the
cavity height. Two ways are followed to return to the source.
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A cavity as a set of empty volumes

Figure 9

Figure 10

A first mode propagates until the second volume (without looking in
details to the intermediaite volumes of propagation before and between
the cube and the cylinder) where the field is separated in two directions
with a common limit condition where both fields confirm each other.
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Cross talks inside

Once the structure for the modes is found, it stills to add the coupling
functions between these modes and some electronic inside. Between two
waveguide the rule is quite simple: the coupling function comes from the
scalar product of the field in each mode of each waveguide. The major
mode is given by the number of freedom for one wavelength (i.e.
n = 2L/λ). In case of degenerated modes, the energy distribution
through the various modes is determined by the coupling function with
the excitement.// Each time an object is inserted in the cavity, it creates
a frontier where evanescent fields of the object are coupled with the
modes of the cavity. The exercise is to find the coupling function, i.e. to
compute the scalar product of the field of the modes with the evanescent
ones of the object.
In a plane transversal to the propagation, modes can be found by the
load distribution on the walls.
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Cross talks inside

Characteristic impedance of the waveguide can be found using Zc = µfvg
where f is some geometrical function linked with the waveguide section.
Until the wavelength is high compared to the waveguide section
dimensions, static fields give the modes that can propagates. Up to this
limit, a solution can be to transform the section and its curvilinear
coordinates in some rectangular one to write it under classical TEmn

expression. Last dimension is given by the global structure as shown
previously. Next figure shows this transformation. After what knowing
g(x), we can compute its spatial Fourier’s transformation to determine
the amplitude of each TE mode for example depending on frequency.

Note that the way to find the mode depends on the excitement.
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ZONING

Zoning means to translate the external level of contraints into internal
ones. Once the system is modelled through some organisation of
waveguides, next step is to know how to extract the field level ?
A little probe can be used to measure the field as it would be done in a
real experiment. We know how to compute the coupling between this
probe and the cavity, without knowing the field level (if we know it, we
do not need this probe!). Afterwhat, computing the current in the probe
gives the field level. For example, consider a little loop. The relation
between the current in the loop and the field is something like:

ip =
−pS · B
Lp + R

⇒ |B| = Bq =
1

p

∣∣∣∣ (Lp + R) i

Sq

∣∣∣∣



Some complements
ZONING

Once the field is measured in various locations inside the system, it
becomes possible to transmit these values to equipment suppliers. That’s
the zoning approach allowing to reduce the original constraints in lower
ones, taking benefit of the system shield.
In one waveguide structure, the total field is computed using:

F = f −1
[
(ψG + Zc iG ) e−

x
c p + (ψD − Zc iD) e−

L−x
c p
]

(2)

ψG and ψD being the voltage on the limit conditions on left and right in
the waveguide of length L. f −1 is a function that transforms the voltage
in field.
Finding the maximum value of F gives the zoning definition. For each
volume in the cavity (i.e. each waveguide), max (F ) is the
electromagnetic environment to be taken into account by the equipment
suppliers when they provide the equipment for these volumes.
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The bulk current injection test

The bulk current injection test means to use transformer in order to
inject energy through a harness transmission. The transformer is located
on a specified distance on the harness. It’s the same for another
transformer used to measure the current. The first task is to be able to
add some generator somewhere on a line. i.e. to add a generator
somewhere on a Branin’s model.
There is one way to cut a Branin without a common frontier. Let’s take
a look to the next structure where a is the characteristic impedance of
the line:



Some complements
The bulk current injection test

The voltage reported on right is given by:

eD = e2 = (e0 − ai1 + ai1) e−τp = e0e−τp

So it’s like if we have just change the location of the source to move it to
the next location on the line. It says that: i2 = e0e−τp/2a. As the
coupling function is 2a we have: e3 = 2ai2 = 2ae0e−τp/2a = e0e−τp.
Once more we find the generator reported on mesh 3. And finally at the
end of the line:

e4 =
(
e0e−τp − ai3 + ai3

)
e−τ

′p = e0e−(τ+τ ′)p

We can make the same exercise on the left:

e1 = (2ai3 + ai2 − ai2) e−τp = (RLi4 − ai4) e−(τ+τ ′)p

All arrives as if the line was longer of τ ′ electric length.
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The bulk current injection test

Now that we know how to perfectly cut the branin, it’s easy to add some
e.m.f. coming from anywhere, and from the transformer more particularly.
The last question to answer is how the field is coupled with the line?
As for waveguide, we should see the field organization on line following
modes. Often we find descriptions based on common and differential
modes we already speak about. But this description is perhaps not the
better one.
Looking to the next figure we see how magnetic modes are organized for
various cases of lines.
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The bulk current injection test

The transformer uses ferrite core and gives the magnetic field a particular
direction. The coupling coefficient is obtained making the scalar product
of the source field with the field of the mode on the line. When two wires
make a line with a ground plane, following Collin, it should be modelled
using three branins. At the extremities, the coupling between loads can
be implemented as shown below. The graph has 8 nodes, 14 edges and
two networks. It needs 8 meshes. The last two meshes appear clearly
when we look to one extremity.
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The bulk current injection test

Don’t forget that the coupling between loads is not sufficient to compute
the whole line coupling mechanisms.
To loads cross talk must be added the coupling between the field modes.
This is illustrated by next figure. Vabre’s relations, seen previously must
add reported and delayed generators on the extremities in order to
correctly compute the harness EMC. Electrostatic exchanges are included
in the characteristic impedance disturbances, but the mutual inductance
coupling is not implicitely included in the line geometry.
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The bulk current injection test

Using previous technique, each line can be separated at a given length.
At this location, the transformer creates an electromotive force. This
e.m.f. is created by the current on the primary circuit of the transformer.
The global graph for one line is presented next figure. The coupling
function f will depends on the field line in the mode of the line.

Note the change in the sign for f : do you understand why (hmmm, f
should comes from the e.m.f. e, something like f = e/2/i , but the report
is down on left and up on right...)?
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Some golden rules to reach the mesh space

As for Feynman’s diagram, some rules help to choice the better
connectivity between edge description and mesh one.

1. The spanning tree (see part one) technique must be used for
complete networks;

2. If a network is coupled with another, the meshes of each network
must be kept.

Knowing how to choice the meshes is the key to automate the approach.
Some prototype software was made to demonstrate the feasibility and it
makes no doubt that today, Kron’s formalism can be computed as a
kernel for a multiphysic software.


