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Abstract. The paper proposes an approach for easy and &astling and optimization of power electronics
structures. It focuses on the EMC filter design.aEhieve this task for electrical drives, a full ENhodelling

of the application is defined by combining time slation, FFT and automatic frequency modelling. The
automatic modelling gives also automatically thedelogradients. This process is very generic, fast a
systematic, and can be used with any optimisatigorighm, using gradients or not. Therefore, thedelacan

be used to optimize the EMC filter, but also calplie choosing its topology, according to the tedogical
choices of the aircraft power electronics spedifires.

Keywords: EMC, Filter design, automatic frequency modelli@gptimisation.

INTRODUCTION

There may be a great impact of the electromagbeti@viour due to the power electronics of the eteit
systems in several applications. In aircraft agpian, global weight, cost and volume of the equéptmare also
important complementary constraints. So, theresgsang need in helping the power electronics desigto choose
among various technological possibilities, and t@W the impact of these choices on all these caimés: The
electromagnetic compatibility (EMC) filter usualhgpresents roughly 30% of the cost and volume gbwer
electronics converter; so, it is very importantaptimize it (Fig. 1). The impact of the convertantrol law,
semiconductor choice, interconnection design, cablection and placement, electrical machine cheriatics...
should be perfectly known to reach a good systesigde
The paper proposes an aid in the frequency modetifrthe drive elements, in the frequency domainluding all
key parameters for sizing aim; and so, a way tinopé the filter using different algorithms availabin Cades®
framework [1] (see Fig. 2), but also in the Matlab@vironment.
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Figure 2: Modelling and optimisation processes for filtetiopzation

SISING MODEL

The process to build the sizing model is carrietlio6 steps (bubbles 1 to 6 in fig. 2). First, thesigner
defines an equivalent electrical circuit of its mwelectronics application (bubble 1 in fig. 2):SIN (Line
Impedance Stabilization Network: the electricateit used to measure EMC disturbances), cablets; sanverter,
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switches, electrical machines, ....[2]. Each elenfeimgs a contribution to the global EMC model eTprinciple of
the modelling is to replace the switches by eqeivalsources [2], [4] depending on the control lamd a
semiconductor technology, which impact on switchiveye forms (bubble 3 in fig. 2). The other pafftshe system
(i.e.: filter elements, bus bars, harnesses, maghdire represented using electrical equivalentitir©btaining the
equivalent sources can be achieved using simpléieadytical waveforms, or experimental data or tsimaulation +
FFT. This latter method has been chosen in thiempamsing Psim software [3] (bubble 2 in fig. 2)ftek this
modelling step, the paper proposes a new tooldaterautomatically the frequency model of the spoeding new
circuit. The outputs of this model are some cur@noltage gainS{Spectruq;,jszl..Ns}- The model inputs are:

the frequencyf}, the voltage and current source{qv(ivzl.,Nv} and {|“,ii :1..Ni}) and the electrical parameters
({Rp,ip :1..Np}) of the circuit. The gradients of the model ougpatcording to the model inputs are also generated.

The model is created in java language (bubble #gin?). Then, the designer defines other sizingst@int, e.g.
volume or mass of components (bubble 5 in fig.R2pm that, Cades@Generator [4] is used to createftavare
component, supporting the computation of the erdirzegng model and its gradients). These modellitgps and
specifically the frequency modelling step and tredgents calculation, will be detailed in the fpdper.

OPTIMISATION

The last step of the approach is the use of thergéed software component, i.e. the sizing modgbifke 7
in fig. 2). The frequencies and the correspondialges of the voltage and current sources (Viv @héude obtained
from PSim simulation and fixed in any calculatianoptimisation. These hypothesis has shown acckptabults in
previous works [1][3][5], and allows the use ofdar modelling of the equivalent circuit.

For simple calculation, Cades@calculator and Mattai be use to drive the generated software conmpone
[4] (bubbles 7a and 7b in fig. 1). Notably, duethe fact that only some harmonics are considerethpatation
times are drastically reduced compared to FFT omPsmulation. Also, for optimisation, (bubble 7@ fig. 1),
several algorithms can b use, even with gradieS@P-VF13 [6]).

As illustrated in Fig.3, the filter has to meet tB®©160D standard, which is required in our aircraft
application. At this stage, the filter values héen obtained and the main volume (Fig. 4) is apéohby using the
Evolution Strategy algorithm (Fig.4). The compuatiof the volume of inductances and capacitors valdetailled
in the full paper. First results are illustratedobe
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Fig.2a: Initial filter: 38.80 cm3 Fig.2a: Optimized filter: 25.24 cm3 o(Freq, X) =|SpectruniFreq, X)| - Limits
(MATLAB computation) (Evolution Strategy Algorithm)
Lem = 610.40pH Lem = 320.2uH else

{1 TN g | Ldm = 210.70pH Ldm = 151.02puH o(Freq,X) =0

[ Lisnaurent (L 1IN Cx1 =Cx2=120.0nF i Cx1 =Cx2=60.30nF endif

T TN Cyl =Cy2 =70.0nF Cyl =Cy2 = 15.30nF

Lt i o Fobj = min(Volum€L,C) + ag(Freq, X))
Figure3. System simulation with filter before and after ogation Figure 4: objective function

CONCLUSION

It becomes especially important to manage ther fdesign and the impact of the system volume, weigh
and cost, specifically in aircraft applications.eThse of a simple model, based on disturbance esuattows
obtaining quickly an estimation of the EMC spectrofman electrical drive, including the influence aff the
parameters involved in the design: control, powackage, busbar, harnesses and machine. The pajpersps a
way to easy achieve such a modelling, allowingaiwycout any optimisation algorithm thanks to auatimgradient
computation. The automatic modelling reduces thdetlimg task, so allow optimizing on several powésctronics
architectures and several equivalent circuits f@rg architecture.

REFERENCES

B. Delinchant, D. Duret, L Estrabaut, L. Gerbaud,Ndguyen Huu, B. du Peloux, H.L. Rakotoarison, Erdiere, F. Wurtz, "An Optimizer
using the Software Component Paradigm for the Opéition of Engineering Systems"”, COMPEL, the ingional journal for computation
and mathematics in electrical and electronic eregging, Volume 26, Number 2, 2007, pp 368-379

Revol B., Roudet J., Schanen J.L., Loizelet EMtgtof a three phase inverter-Fed Motor Drives, IHBE 04, 2-7 Octobre 2004 Seattle.
Pages: 2657-2664.

Psim, Available on www.powersimtech.com
F. Costa, C. Vollaire, R. Meuret, “Measurements Simdulation of Common Mode

Fu-Yan S., Dan Y.C., Yan-W., Yie-T.C. A procedu@ flesigning EMI filter for AC Line Application”,HEE Transactions on Power
Electronic, vol.11 N°1, January 1996.Pages:170vi811.

VF13. Available on http://www.hsl.rl.ac.uk/indexahit



