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Abstract. Setting and formulating system design problems imaihematical optimization problems is
not always straightforward especially when consteassociated with the system components are not
clearly defined or well known. In this paper, théheors propose a methodology based on the Pamib fr
analysis in order to help designers to solve thid lof problems. This approach is directly appliedhe
optimization of an aircraft electrical system.
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l. INTRODUCTION

The design of electric aircraft systems today haswg in complexities because of the increase of
heterogeneous elements coupled through differegsipdl fields (i.e. electrics, hydraulics, mechani&nd
thermodynamics). On the other hand, in the moretrteaircraft trend, many hydraulic devices arplaeed
with equivalent electric systems [1]-[3]. This lsath major changes of the electric network archirecand
significant modifications of the onboard energy agament strategy. In this context of strong evoiutithe
new constraints which should be respected by #etridal elements are not clearly identified. Tihisreases the
difficulty of formulating the system and componeaizing into a standard optimization problem whiemn de
solved by optimization algorithms [4]. In this papee study the design of an Auto-Transformer-RiectUnit
(ATRU) system [5] in order to illustrate this kind design problems. In particular, we distinguigio tclasses of
problems:

-“well-posed” problems: such problems even comp(eg. containing lots of equations, variables and
constraints) should be solvable by an optimizagitgorithm implemented on a computer.

-“ill-posed” problems: such problems cannot be disesolved by a computer and an optimization atpar.
This is due to the fact that data are incomplatghiguous, and unreliable to formulate completelgt definitely
the optimization problem (e.g. some constraintinoits on components are unknown). In this case dbsigner
has to doa priori choices and to manage the risks associated wettetbhoices. In this paper, a methodology
based on the Pareto analysis [6] is proposed ierdadhelp the designer to manage the difficultgitiee to such
“ill-posed” problems. This methodology is applient fwo different test cases: when the constramitlof a
component in the system is unknown and then wheet af constraints, defining a standard with respethe
component, is not well defined. This approach ipliag to the optimal sizing of a power channel for
electrical aircraft system.

Il. INTEGRATED OPTIMAL DESIGN OF A POWER CHANNEL
We focus on the ATRU optimization for an aircraftatrical power distribution network. The objectigeto
minimize the ATRU mass while fulfilling its integian into the power channel.
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Figure 1. The ATRU based mixed network structure

A “well-posed” problem “Minimize the ATRU mass waifulfilling the DC voltage and the AC input curten
harmonic standards” has been solved in [5]. Inpgtesent paper, two “ill-posed” problems are presgrand
solved with a Pareto analysis approach.



I1.1 Solving the problem when a constraint on a comonent is unknown

Problem: In system optimization, a constraint on a compogan be unknown. The designer can then define
an approximate value of this constraint, but thera risk to do this. If the constraint value ig mell-chosen,
the result given by the optimization can be “sultiropl”. In our application, the ATRU has to be siz&o that
the circuit breaker integrated on the DC bus infgts the short circuit currents. The level of assdyshort-
circuit current is a constraint. If this value iskmown and chosen too low by the designer, the ANWRUbe
"oversized". On the other hand, if the value ishagh, the circuit breaker will be “oversized”.

Approach: In order to help to designer to set a relevantueabf the ATRU short circuit current while
minimizing the power channel mass, we propose tovex the monobjective optimization problem into a
multiobjective one. In the ATRU case, this consistnding the best tradeoffs between the unknaanstraint
value (i.e. the short circuit current) and the ATRWAss. This can be performed using a multiobjective
optimization algorithm (e.g. NSGA-II [6]). Fig. dlustrates the optimal Pareto front associated waith
example. The Pareto analysis of the best compranhiskps the designer to set the suitable valughtoATRU
short circuit current. It can be seen from Figh@tta reasonable value for the unknown short ¢iguirent is
roughly 1800 A. Below this value, the weight of (A€ RU increases very quickly. Over this value, thes no
interest to increase the value of the short circuitent, because there is no real impact on AT Rgkt.

I1.2 Solving the problem when a standard is not wéldefined

Problem: Components of a system are generally designecpemndded by different suppliers to the system
integrator. The components have to fulfill standagdnerally defined by the integrator. It shoulchbeed that in
the case of the more electric aircraft, standardsnat completely defined because of the lack @la@tation
feedback for the moment. If the standards are éstrictive, the system objectives (e.g. mass,ieffiy) might
be sub-optimal. On the other hand, if the standamds not enough constrained, the network qualitg. (e
reliability and lifetime) might be affected.

Approach: As in the previous case in Il.1, a multiobjectfeemulation can be used in order to transform the
“ill-posed” problem into a “well-posed” problem thean be solved using multiobjective optimizatioathods.
Finding the best tradeoffs between the primary ahje and the deviation to the most critical staddacan help
the designer to redefine the standards with regpebe system optimization.

As example, we investigate the ATRU mass minimigath compliance with a standard related to thdityua
of the input AC current. It is required that therhanics of the input current respect the followstgndard:

Thle < Thlenay i(i=2..37)

Thlg = le / ley (I, ley: rms values oith harmonic and fundamental value of the AC cujrent

Thilena i standard value that limits the Thialue.

It will be shown in the final paper that only tharsdard value of the"Bharmonic (Thlg.y 9 is actually influent
on the ATRU mass optimization. Thus, if this vailsi@ot well-known, the Pareto-optimal front corresgding to
the Thlg,. sminimization and the ATRU mass minimization shalldetermined (see Fig. 3). According to this
figure, a reasonable value for Thlesis around 0.023. Below this value, the ATRU massdases very
quickly. Over this value, there is no interestriorease the value of Thig sbecause the ATRU mass reduction
is not significant.
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Figure 2. Pareto-optimal front (ATRU mass Figure 3. Pareto-optimal front (ATRU mass
and short circuit current minimization) and Thlemax_5 minimization)
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