N
N

N

HAL

open science

Parallelized FMM and Dedicated PEEC Method to
Model Industrial Power Interconnections - Application
to Boost Chopper

Vincent Ardon, Olivier Chadebec, Jean-Michel Guichon, Patrice Labie, Yann
Le Floch, R. Franchino

» To cite this version:

Vincent Ardon, Olivier Chadebec, Jean-Michel Guichon, Patrice Labie, Yann Le Floch, et al.. Paral-
lelized FMM and Dedicated PEEC Method to Model Industrial Power Interconnections - Application

to Boost Chopper. COMPUMAG 2011, Jul 2011, Sydney, Australia. hal-00611079

HAL Id: hal-00611079
https://hal.science/hal-00611079

Submitted on 21 Oct 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00611079
https://hal.archives-ouvertes.fr

Parallelized FMM and Dedicated PEEC Method to Model
Industrial Power Interconnections — Application to Boost Chopper

Vincent ARDON, Olivier CHADEBEC, Jean-Michel GUICHON Patrice LABIE,
Yann LE FLOCH, Roger FRANCHING
'Grenoble Electrical Engineering Lab., Universit€durier / Grenoble-INP / CNRS, 38402 GrenoblenEea
“Cedrat, Technological Department-Software, 3824§lafe France
3Schneider Electric, 37 Quai Paul Louis Merlin FOB8 Grenoble cedex 9, France
vincent.ardon@cedrat.c¢

Abstract — This paper presents a novel version of a
dedicated PEEC-based (Partial Element Equivalent CGtuit)
methodology applied to the modeling of interconneans of
power electronics devices. Although this method known, the
originality of this work is its use to quickly modé structures
presenting an industrial complexity thanks to two eparated
and now parallelized Fast Multipole Methods (FMM) kased on
two different meshes. They respectively compute pasitic
inductances and capacitances and lead to an equieak circuit
of the system. EMC performances of a structure carbe
evaluated with time and frequency domain analysis fothis
circuit. This approach is applied to model two stat
converters, boost choppers built with routing parts of an
industrial variable speed drive.

. INTRODUCTION

Since several years, power interconnections and
consequently EMC modeling of industrial static cerners
are real challenges because of the frequency trse,
growing complexity of components, the closed
environments and the strong electromagnetic cogglifihe
PEEC method based on integral equations appeab& to
efficient to model interconnections of large VL$lustures
[1]. However its use in power electronics needs esom
adaptations in order to get non-large models bec&hsC
standards are focused on frequencies ranging fi@rkHiz
to 200 MHz. That was the purpose of our previouskao
[2] in which inductive and capacitive models were
separately dealt with. Thus, it was possible toetak
advantage of both approaches and especially afitfezent
meshes and hypothesis to extract equivalent elentbat
were finally coupled in a complete lumped eleméiraiLiit.

The purpose of this article is to present someésteg
improvements as a matter of time and memory consamp
in the extraction of parasitic elements: the useFbfv
algorithm [3] is generalized to the computation of
inductances (L) and mutual-inductances (M) and rseigo
the parallelization of algorithms is applied durirge
integration, preconditioning and solving proces$hede
enhancements make it possible to quickly procesn ev
larger industrial structures with few memory consuyn

In the second part of the article, the adapted PEEC
approach is reminded and its improvements are lddtai
with some numerical results on speed-up factorse Th
methodology is then applied to model a boost chgppe
composing the industrial variable speed drive dlyea
modeled in [2]. New results, in frequency and time

domains, obtained thanks to the improved technicues
finally presented in the last part of the paper.

II. EXTRACTION OF (R-L-M-C) EQUIVALENT CIRCUIT

A. Two separated FMM and preconditioned GMRES(m)

In our approach [2] a dedicated inductive meshsisdu
to compute parasitic equivalent resistances andciadces
(R-L-M) by a full integral method and a second
discretization is needed for the FMM-based capacéa
(C) calculation. These two meshes are respectagfpted
to skin depth and side effects to precisely modeldurrent
and surface charge distributions.

The use of FMM is now generalized for the inductive
part in order to accelerate the computation of \thetor

magnetic potentiaA: a new multipoleM ' is computed

from the same spherical harmonids" and scalar free-
charges in [2] are replaced by current densityorek(1).
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Since the “inductive” and “capacitive” multipolesea
respectively vectors and scalars, the use of tvferdnt
cube partitionings for the two meshes and two diffie
iterative solvers is required. A preconditioned GBES{m)
[4] algorithm is also used to solve the currentribistion or
the (R-L-M) inductive components.
As an example proving the computation enhancements,
a 1.6 Gbytes of memory inductive problem solvecdauit
FMM can be now solved with only 230 Mbytes and five
times faster (100 s). Another structure (inductfwating
device) has been simulated by FMM with 11 Gbytes of
memory instead of more than 405 Ghytes without FMM.

1)

B. Parallelization of algorithms

To take advantage of widespread multi-core computer
most algorithms have been parallelized, i.e. themgdation
of Gauss point tables, the integration of small ffiudtrixes,
the computation of scalar and vector potential @ Anthe
two GMRES(m) preconditioning processes, the matrix-
vector products during the GMRES(m) solving, etc.
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Fig. 1. Average performances of all parallelizegbathms

27.800
Lelements
=3

elements

Y
W 5 kY lnDﬂJDL‘ Ry ncasn
Fig. 2. Capacitive (left) and inductive (right) rhes - InCa3D [5]

The average speed-up factors of all parallelizgdrichms
are shown in Fig.1l: for example, with two corese th
parallelized process time is divided by 1.8. The gith the
ideal factor of two is due to the increase of datehanges
between the processors.

. APPLICATION TOBOOSTCHOPPER

All these methods are applied to model a boost péop
in two different configurations: the interconneciso are
routed on two or four copper layers. The device is
composed by the mechanical part and two of theethre
phases of the industrial variable speed drive pitesein
[2].

A view of the capacitive and inductive meshes iggi
in Fig.2. The extraction of inductive and capaéitiv
equivalent parasitic elements is done by the twdviFhd
GMRES(m) algorithms. 35 and 40 capacitive regiores a
defined for the two prototypes and one parasitacdance
is automatically connected between each pair abnsg the
connection points depend on the distance betweeh ea
region. Thus, a complete equivalent RLMC circuibislt
and an equivalent impedance representation of ildco
possibly be exported to a circuit simulator.

In our study, the impedance spectrum of the two
prototypes is firstly analyzed with the expedient o
replacing all the electrical components (diodengrstor,
inductances, etc.) by a short circuit, in ordefatus on the
parasitic RLMC behavior. This analysis points tlifgedent
capacitive behavior of the routings, in fact thestfi
frequency resonance of the two and four-layer sires
appears at 58 MHz and 36 MHz, respectively.

Time-domain simulations of the whole model in it
solver and measurement comparisons have then tedida
the electrical functioning of the two structuresdan
consequently our model. The influence of intercatioas
during the switching can be pointed out. EMC perfances
can be easily investigated. For example the commode
voltage at the terminal of the LSIN resistancelddgted for
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Fig. 4. Common mode voltage during the transistotching

the two prototypes in the figure 4. The prototypenposed
of four layers produces less common mode voltage the
other structure. In this last analysis, the minintime step
is 0.1 ns. One period of 65.5 us is simulated midutes in
the circuit solver Portunus [6].

In the extended paper, more details on these siimnta
and comparisons with measurements will be given.

IV. CONCLUSIONS

In this paper, a novel version of a dedicated PEEC
method of industrial power interconnections is preed.
Like for the capacitive modeling, the use of FMMdan
GMRES(m) algorithms for the inductive part makes
possible to deal with larger structures with fewnmey
consumption. Also the parallelization of most ajaithms
further improves the time process.

Thus it is possible to quickly obtain small
interconnection models of industrial complexity ki
include the main magnetic and electrical couplings.
finish, EMC performances of a complex device isleated
in a circuit solver thanks to this approach.
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