The Imaginary Pareto Front: a helpful Tool for seting Optimisation Problem
for Design of Electromagnetic Devices

F. WurtZ(EEE Member) P. Kuo-Peng E. S. De Carvallfd
!G2ELab Laboratory, INPG/UJF/CNRS, ENSE3, 38402Metrtin d’Héres Cédex, France
“‘GRUCAD/EEL/UFSC, Po. Box 476, 88040-970, Florianigm®anta Catarina, Brazil
¥ WEG Equipamentos Elétricos S/A - Energy Division
LIA MAXWELL - France/Brazi- frederic.wurtz@g?2elab.grenok-inp.fr

Abstract — This paper suggests that “Setting Optimgation problem admit solutions and does the size of tlaecking
Problem” is an important bottleneck in the practica use of space defined by the formulation seem correct?
optimization for design of electromagnetic devicesSetting

Optimisation Problem” means in particular finding the “right I. THE CONCEPT OH MAGINERY PARETO FRONT AS AHELP

formulation of the constraints” on the inputs and aitputs of

L . N K FORSETTING THE OPTIMISATION PROBLEM
the optimization problem. This problematic can cerainly

become a research topic in which concepts, methodgies and An Imaginary Pareto Front (IPF) is, first of allPareto
tools should be developed. As an example of thidjis paper Front [4]. A Pareto Front (PF) can be defined for a
proposes a concept called the Imaginary Pareto Fror(IPF). optimization problem with:

We will show how it that can be used in order to abck very - at least two contradictory objectives fl and 2 t

quickly the constraints formulation of an optimization
problem, based on a continuous model in which some
parameters are discretized. This will be illustratel on the
design of a round-rotor synchronous generator.

minimize or to maximize (f1 can be typically théi@éncy

to maximise and f2 the weight to minimize)

- a Constraint Formulation (CF): a set of constsin

(equalities and inequalities constraints) on a# thputs

I. INTRODUCTION PROBLEM SETTING A NEW CHALLENGE and outputs of the optimization problem

FOROPTIMISATION - a Model (M) linking the output to the input paraters.

The Pareto Front (PF) is the set of solutions dated

with the model (M), respecting the Constraint Fdatian

is design [1]. Some new theories in design dematesthe (CF), and that are best compromise between f1 2an&dr
importance of distinguishing two fundamental steps: this. we introduce the notation:

1° The problem setting (or problem formulation): PF(max or min f1, max or min f2, CF, M) (1)
here the designer must formulate the design prabfeon What we call an IPF can be defined over models of
optimization it means defining what are the objexgj what electromagnetic devices, which we will call, “Contbus

are the constraints on all the inputs and outpitiseomodel Sizing Models” (CSM) and that have the following
of the device. The work and the main difficulty ftve properties:

designer in this _step Is to find a well posed peablit - some of the parameters of the model are discrete
means a formulation of the problem that accepksast one (typically the number of tooth N1, the number ofgsoP,
solution. We have to pay attention to the fact tha can )

be really a hard task, especially in industrial teah when

there are a very great number of input and output together is continuous. This is typically the cask

parqmeters. In. such a context, the ri.sk is ver)hr.ﬁg.y analytical and semi-analytical models defined bgigieer
designers to introduce bad constraints, or coirtict for the first step of the design (like in [5]). \yeoften

constraints, resulting in the fact that the fornediaproblem those models are analytical or semi-analytical, suse

simply has no solution, or a too small searchirgrep _ approaches like equivalent circuits or reluctances
2° The problem solving: here the searching space is networks

defined, so to .problematic is now Fo .expllore itawpan be A “Continuous Sizing Models” (CSM) allows
done automatl_cr_:llly thanks to optimization algorighthat calculation on “Imaginary Machines” (IM): machineith a
can b? determln.|st|c [2] or.stO(.:hasnc [3]- ) number of tooth or poles that are not integer \&l(fer
This paper is a contribution to a research topit th example N1=75.732 or P=4.506). By opposition, “Real
could be called “Problem Setting”. For this resatapic, Machines” (RM) are the machines that can be bailthie

we will more especially show that a concept, caited real world and that typically have discrete valdes
Imaginary Pareto Front (IPF), could be very useié will parameter like N1 and P.

define what an IPF is, and we will expose a mettuglo What we will call the Imaginary Pareto Front (IPF),

for obtaining it very quickly (which is a very imgant the continuous Pareto curve that we can be buir tlre
property: in problem setting step the designer sdedls CSM, by letting the discrete parameters varying

that allow him to test and to reformulate quicklyet continuously with a current set of Constraints Falation
problem). We will show why this IPF provides infation (CF) and at last two contradictory objectives fiows f1
to designers related to some questions related t0 .4 For this. we introduce the notation:

“Optimization Problem Setting”: does the formulated IPF(max or min f1, max or min £2, CF, CSM) (2)

Many scientific literatures exist that tries to idef what

- but the underlying model linking all the paranmste




. THE METHODOLOGY FOR OBTAINING THEH MAGINARY
PARETO CURVE

An IPF can be obtained very quickly thanks to the
following procedure (described here for obtaining
IPF(max f1,min f2,CF,C3M) like on fig. 1):

A° Find the possible values of {f1, < fl< fl.y): for
this solve the two following optimization problem
- minimize f1 with f2 free, with constraints CF ove
CSM: this allows to obtain f},
- maximize fl with f2 free with constraints CF over
CSM: this allows to obtain flx
B° Find the shape of the IPfar this solve the n following
optimisation problems:
- manimize f2 with f1=f}1 and constraints PF over
CSM with 1 = fl, + K*(fLin- flmax)/N

This procedure is easy to implement. Each of the

previous optimization problems can be solved with a
gradient optimization algorithm like SQP (Sequdntia
Quadratic Programming) [2], that has the advantagke
quick and to take into account very efficiently staints,
even if they are in high number. Since the CSM is
continuous, the formal right sensitivity can be poed,
and thus improve drastically the performance of &GP
algorithm. Fig 1 gives an IPF built with the prev$o
methodology for the example of IV.C. Fig. 2 showe t
continuous evolution of the N1 parameter (représgrihe
number of slot of the machine) along the IPF.

IV. USEFULNESS OF THEMAGINERY PARETO CURVE FOR
SETTING THE OPTIMISATION PROBLEM

A. Properties of thelmaginary Pareto Front (IPF)

First of all we have to insist on two propertiesiBF’s

very important for the designer in Problem Setpihgse:

- Property 1°the IPF is very rapid to obtain: IPF of fig. 1
is obtained is 23 seconds for a CSM model of irralst
complexity (see IV.C).

- Property 2°by definition an IPF is a continuous curve so
we can get a good idea of its shape with calculatb
some points and extrapolation like in fig. 1.

B. Practical use of the Imaginary Pareto Front (1PF) for
testing the problem formulation

After having obtained in a short time this IPF, the
designer can very quickly have:
- Information about “Is the problem well posed #'the
IPF can not be build thanks to procedure descrifpéid, it
is a serious alert indicated that the problem i@ pased.
This seems to indicate that it exist no Imaginargckines
that respects the constraints in CF (in this casaeal
machines exist also, since we can demonstratettaatet
of real machines is a subset of the set of imaginar
machines). In this case, the designer should chbek
constraints in CF and reformulate the problem.
- Information about “Is the search space wide eho®g
An idea of this could be given to the designellife on
Fig. 1, he puts an initial design on the same pthae the
IPF. This initial design can be a previous existimgchine

[5], or a machine that the designer has definedrdter to
develop his CSM. He can then measure the margstiegi
between this initial machine and the front as iflaed on
Fig. 1 (see Weight Margin and Short Circuit MargiAy
we will show it in the full paper those margins che
increased by changing the constraints formulate€hn
The designer can by this way refine his formulatifn
constraints in order to define large enough margms
order to give the best chances to find real mashingide
those margins.

C. Application to an industrial Round-Rotor
Synchronous Generator

IPF of fig. 1 and result of fig. 2 have been ob¢giron
the CSM model of an industrial Round-Rotor Synchren
Generator described in [5]. f1 is a short circaittbr (called
in [5] Short Circuit Ratio) that has to be incredsad f2 is
the weight that has to be decreased. The CSM hasGiv
input parameters and 120 output parameters. This
application with industrial complexity shows thdi@éncy

of the approach.
2 Initial design
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Fig. 1. Imaginary Pareto FronPf(max f1,min f2,CF,CSM)) of a Round-
Rotor Synchronous Generator motor (f1= weight, F&xtscircuit factor)
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Fig. 2. Evolution of N1 (number of slots) on thé&IP
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