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Abstract Uncontrolled high costs which can be generated b y the compliance with EM C standards become a
real problem for industrials. Anticipation and better control of EMC performances associated with low cost
solutions to reduce the disturbances are required. That is why the modelling of electromagnetic behaviour of
power electronics structuresisinvestigated. Several modelling methods are needed to establish accurate EMC
models of complex industrial products. This paper deals with an electromagnetic modelling process which is
applied to the computation of a commercialized variable speed drive. Moreover, routing rules are deduced and
cabling improvements are developed and experimentally verified.

I ntroduction

Due to the frequency and/or power rising, EMC constraints become more and more important in
industry. In consequence, modelling tools are required to predict EMC performances of industrial
power dectronic structures. Nevertheless, modelling must take into account environment
heterogeneity (magnetic components, dielectric), complexity of multilayer cabling geometries and
near and far field computations. An accurate electromagnetic modelling process is presented in this
paper. Moreover, the process can be used to model EMC behaviour of power electronic devices but
aso to improve them. The modelling processis applied to an industria variable speed drive. The EMC
behaviour of theinitial product can be computed and using the same process, the cabling geometry can
be optimized. The following part is a presentation of the modelling process. Then, the case study is
described. Finally, resultsillustrate the effectiveness of the approach.

Electromagnetic modelling process

Introduction

An electromagnetic modelling process has been developed (fig. 1).
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Fig. 1. Electromagnetic modelling process
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Prediction of optimized cabling for improvement of EMC performances can be performed on power
electronic structures by computing the emitted field. EMC perturbations of a static converter are
generated by the differential and common mode currents as in [1]. Both currents must be taken into
account in order to compute near and far fields in a large frequency domain and in the three spatial
dimensions.

The equivalent impedance of the converter layout is determined by considering the geometry like an
equivalent electrical circuit using localized elements. The differential mode is associated with
resistive, inductive and mutual terms [2]. A capacitive model is added in order to model the common
mode [3]. The modeling methods used to compute the model are presented in the next part.

Modeling methods

Due to meshing considerations, multilayer topologies are difficult to describe using classical
variational methods. Integral methods are more adapted to such problems [4]. An equivalent electrica
circuit is extracted from geometries (fig. 2).

;' > zeq=([R][L][C])

Fig. 2. Equivalent impedance of the static converter (layout and mechanical part)

In other words, an equivaent impedance of the mechanica part and cabling is computed. The
impedance depends on frequency with resistive, inductive (with mutual), and capacitive terms. PEEC
formulations implemented in InCa3D, an inductance calculation dedicated tool, are used to
determinate resitive, inductive and mutua parts [5-6]. The capacitive model is determined using an
Adaptative Multi-Level Fast Multipole Method (AMLFMM). This agorithm accelerates the
computation of interaction coefficients and is low-memory consuming by using truncated multipole
decomposition of interactions [7-9].

Excitation sources

The complete power electronic structure is then simulated by taking into account the geometry which
can be complex and not negligible [10]. The equivalent impedance is imported in an electrical
simulator like PSpice or Saber. A Fast Fourier Transform of the time domain smulated signals is done
in order to extract the excitation sources (differential and common modes) (fig. 3).
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Fig. 2. Electromagnetic modelling process
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By this way, the non linearity induced by the switching is modeled and the geometry, through the
equivalent impedance, is taken into account. The amplitude and phase of the sources for each
frequency are extracted from frequency domain signals. Then, the sources are connected to the
geometry model in order to achieve a field computation frequency by frequency because the
equivalent scheme is frequency dependent.

The emitted field is deduced from the computation of the differentia [2] and common mode currents.
Thefield computation is done by using Biot and Savart law (1).

B(P)= HO, @dv 1)
A oy [MP7]

Point M is an element of the volume where the current density is known, here the tracks, and P is the
field point.

Due to standards, it is aso necessary to compute the electric field. This entity is deduced from the
magnetic field using the wave impedance given by (2).
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Where d is the distance between the source and the field point, k is the propagation constant defined in
the air by (3).

k=— 3
By thisway, optimization and virtual prototyping of complex industrial structures can be realized.

Case study

Using the electromagnetic modelling process, a virtual prototyping is carried on a variable speed drive
commercialized by Schneider Tashiba Inverter Europe (S.T.1.E.) [11]. This power electronic deviceis
complex. Due to thermal constraints, the layout is composed of four layers. A three phase’s common
mode filter is connected to a power module including arectifier and an inverter (fig. 4).
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Fig. 4. Variable speed drive structure

The plus of the DC bus is hamed PA. A cable connects PA to the DC bus capacitors. An inductance
Lopt can be added in order to filter parasitic currents. PC is the minus of the DC bus. The floating
potentials (U, V and W) are common mode sources.

The equivalent impedance is computed thanks to two modelling environments (fig. 5).






