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ABSTRACT

We present a compact overview of the recent development in free maiptimization (FMO), a
branch of structural optimization. The goal of FMO is to design the ultimatelyrbaserial (its me-
chanical properties and distribution in space) for a given purposeshie that the current FMO mod-
els naturally lead to linear and nonlinear semidefinite programming problems);(8F numerical
tractability is then guaranteed by recently introduced SDP algorithms.

Free material optimization (FMO) is a branch of structural optimization that gaim® and more
interest in the recent years. The underlying FMO model was introduci] and later developed in
[5] and [1]. The design variable is the full elastic stiffness tensor thatveay from point to point; it

should be physically available but is otherwise not restricted. This proglees the best physically
attainable material and can be considered the “ultimate” generalization of tlotus#d optimization

problem. The method is supported by powerful optimization and numericatitpats, which allow

us to work with bodies of complex initial design and with very fine finite-elemersirasg, giving thus
guite accurate solutions even for bodies with complex geometries.

Recently, FMO has been used for conceptual design of aircraft coempgl the most prominent exam-
ple is the design of ribs in the leading edge of the new Airbus A380. In thigcpkar case, the use of
the modern optimization techniques leads to a significant weight savingsigsde F

The goal of this presentation is to show recent developments in FMO forrmgadiad models with the
most important technological constraints, such as stress, stability, aridogisgent constraints. The
presentation follows the overview paper [4] and shows the shift in the mmatieal programming for-
mulations: the basis of the new models is linear and nonlinear large-scale 8eiteégeogramming;

see also [3] for FMO models with stability constraints that again lead to lineasrdinear SDP prob-
lems. This shift in the modeling—from standard nonlinear to semidefinite prognag—was enabled

by the recent development of new algorithms for (nonlinear) SDP probléihsur FMO models

are solved by codeENNON that has been originally developed for this purpose and later turned to a
general-purpose NLP and SDP code. In the last section of this préeanta thus give a brief overview

of the basic algorithm implemented iIrERNON.



Figure 1: Desing of a leading edge rib of A380 using FMO: the wing leadilgg esample FMO result;
post-optimization with technological constraints; final product.
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