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Abstract

Composite structures can lower the weight of an airliner significantly. Due
to the higher process complexity and the high material cost, however, the
low weight often comes with a significant increase in production cost. The
application of cost-effective design strategies is one mean to meet this
challenge.

In this thesis, a simplified form of direct operating cost is suggested as a
comparative value that in combination with multidisciplinary optimization
enables the evaluation of a design solution in terms of cost and weight. The
proposed cost optimization framework takes into account the manufacturing
cost, the non-destructive testing cost and the lifetime fuel consumption
based on the weight of the aircraft, thus using a simplified version of the
direct operating cost as the objective function. The manufacturing cost can be
estimated by means of different techniques. For the proposed optimization
framework, feature-based parametric cost models prove to be most suitable.

Paper A contains a parametric study in which a skin/stringer panel is
optimized for a series of cost/weight ratios (weight penalties) and material
configurations. The weight penalty (defined as the specific lifetime fuel burn)
is dependent on the fuel consumption of the aircraft, the fuel price and the
viewpoint of the optimizer. It is concluded that the ideal choice of the design
solution is neither low-cost nor low-weight but rather a combination thereof.

Paper B proposes the inclusion of non-destructive testing cost in the design
process of composite components, and the adjustment of the design strength
of each laminate according to inspection parameters. Hence, the scan pitch
of the ultrasonic testing is regarded as a variable, representing an index for
the guaranteed material quality. It is shown that the cost for non-destructive
testing can be lowered if the quality level of the laminate is assigned and
adjusted in an early design stage.

In Paper C and Paper D the parameters of the manufacturing processes
are upgraded during the cost optimization of the component. In Paper C, the
framework is extended by the cost-efficient adaptation of parameters in order
to reflect the situation when machining an aluminum component. For different
weight penalties, the spar thickness and stringer geometry of the provided case
study vary. In addition, another cutter is chosen with regard to the modified
shape of the stringer. In Paper D, the methodology is extended to the draping
of composite fabrics, thus optimizing not only the stacking layup, but also the
draping strategy itself. As in the previous cases, the design alters for different
settings of the weight penalty. In particular, one can see a distinct change in
fiber layup between the minimum weight and the minimum cost solution.

Paper E summarizes the work proposed in Papers A-D and provides a case
study on a C-spar component. Five material systems are used for this case
study and compared in terms of cost and weight. The case study shows the
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impact of the weight penalty, the material cost and the labor rate on the choice
of the material system. For low weight penalties, for example, the aluminum
spar is the most cost-effective solution. For high weight penalties, the RTM
system is favorable. The paper also discusses shortcomings with the presented
methodology and thereby opens up for future method developments.
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