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   In this paper the application of variance based sensitivity measures to numerical models of passive and active structural systems is evaluated. Sensitivity Analyses (SA) are performed for the purpose of design optimization, reliability and durability assessment. 

   In modern engineering, the Finite Element Method (FEM) has become a widely accepted tool to assess the mechanical behavior of technical components and structures, whereas the reliability and structural durability of systems is assessed mostly using experimental test methods. With increasing complexity of the structures and especially integration of electronic components and smart materials, e.g. piezoceramic actuators and sensors, experimental costs become exceedingly large. Thus, great effort is undertaken to replace these traditional test methods by computational simulation tools, which have to be able to reproduce the complex system performance and also account for various failure and fatigue scenarios.

   The combination of FEM modeling and global SA methods seems to be very promising for this purpose. Uncertainty inherent to such systems can be implemented and interacting parameters can be identified. Using an accordingly well defined model output and failure modes designed as uncertain distributed input parameters, SA can be used to identify and classify the importance of the different input values and thus assess the reliability of the system with respect to each implemented failure mode.

   The methodology used is exemplified by the analysis of a simple passive structure. Subsequently the appli-cation to an active complex system is presented. At first a notched axisymmetric component part is considered, which can be found in many technical structures. The component is exposed to a pressure load and the system failure is characterized by plastic deformation and the formation of structural cracks. To avoid failure and to secure a long lifespan, components like this are often overdesigned which contradicts the objective of energy efficient lightweight design. In order to optimize the component design and still secure the operational reliability a variance based SA is performed to identify the parameters which contribute strongly to the component failure defined as a certain threshold of plastic deformation. Several uncertain parameters are considered, where variations in the material parameters and abrasion of the machine tools, influencing the geometrical shape, are taken into account. A parallel probabilistic analysis is performed and correlation coefficients obtained. The results of the variance based SA and the probabilistic analysis are presented and discussed.

   A second application scenario for SA is presented, with the analysis of an active oilpan system. Sound radiated from the oilpan is one of the main contributions to the noise emission of combustion engines in cars and dominates the noise contribution in most urban traffic scenarios. For several technical reasons, passive solutions for the reduction of noise emission are not feasible. Therefore, active noise suppression systems are designed, comprising piezoelectric actuators and sensors, which are subject to more or less severe degradation depending on operating conditions, applied control algorithm and load-time history. The performance of the active system, characterized by a defined reduction of noise emission in a particular frequency range, is simulated in different failure and fatigue scenarios. These include sensor and actuator degradation and malfunction. In order to choose an optimal design, including the most fault tolerant control algorithm, a SA is conducted, to incorporate uncer-tainties and variations in the positioning and performance of sensors and actuators and geometrical and material parameters. The results are shown and discussed. The application of variance based sensitivity measures on models based on the FEM is shown to be a valuable tool to assess an optimized design with respect to reliability and robustness.
