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PhD Work offer



Title: Periodic homogenization of composite structures with inner resonances. Supervised by Dr C. Boutin and Prof M. Ichchou co-supervised by Dr S. Hans and Dr O. Bareille CONTEXT-OBJECTIVES Optimized and smart design of composite structures with elaborated dynamic and vibroacoustic performances leads often to complex structures with high heterogeneities. Indeed, composite structures design combines materials with different properties, often periodically distributed for manufacturing reasons (honeycombs, sandwich panels, ribbed panels, beam truss,...). This design trend covers different sectors such as: transport, energy and construction. Precisely, the main issues to be addressed in this PhD work are: - Large structures in which the basic cell presents high mechanical and geometrical contrasts are difficult to consider through a detailed numerical modeling. Numerical analysis of such systems that involves very different scale corresponding to the cell level and the structure level is time consuming and leads naturally to ill-conditioned problems. This difficulty, which appears in static regime, becomes a real drawback when dealing with dynamical problems where phenomena of inner resonance may occur. Precisely, in this case, the apparent global dynamical behavior is rather exotic: effective stiffness and mass parameters can exhibit singular trend in specific frequency bands. - Model reduction through periodic homogenization method is a way to overcome these difficulties. This approach can be considered either using a theoretical, analytical or numerical point of view. The theoretical/analytical treatment yield to build rigorously the partial differential equations associated to the effective mechanical behavior at the leading order, as well as its correctors. The numerical treatment can be considered through the Wave Finite Element (WFE) method. This technique allows the macroscopic behavior to be considered. Extensions will be devoted to WFE modeling of different scales. The work plan of this PhD will be model reduction construction through analytical and numerical investigations, and their experimental proof. The work plan will consider realistic applications of complex structures with specific materials. In particular, design of new structural concepts with inner resonances will allow original and smart structures concepts to be investigated.



PROGRAM Formulations that will be developed in the context of this work are expected to be generic and will address different structural configurations. To reduce the numerical and experimental validation steps, two main cases often employed in mechanical construction will be specifically considered: - Ribbed composites panels with periodic spacing. - Sandwich composite structures with flexible cores.



…/… Practically, three tasks will be pursued in the context of this PhD : - Task 1 : Homogenization through theroretical/analytical approaches. Multi-scale asymptotic analysis will be considered for equivalent models achievements. This strategy allows a convenient representation of the main physical mechanisms at different scales. Its main advantage is to set-up differential operators associated to different scales of dynamical behaviors. - Task 2 : Homogenization through numerical approaches. The WFE will be extended in order to capture different scales of the dynamical behavior. These results will be compared to Task 1 outputs. These comparisons will lead to important improvement of the analytical and the numerical way of thinking. - Task 3 ; Experiments. One or two mock-ups will be considered experimentally in the frame of this phd.



FOUNDINGS and CONTACTS : The founding of this phd is given by the excellency laboratory CeLyA (Centre Lyonnais d'Acoustique). The candidate will have a 36 months contract. The work will be completed in the LTDS Laboratory (Laboratoire de Tribologie et de Dynamique des Systèmes - UMR CNRS 5513) at ENTPE and Ecole Centrale de Lyon. For additional informations, please contact : Dr Claude Boution ([email protected]) and Prof Mohamed Ichchou ([email protected])



REFERENCES: [1] J. Soubestre, C. Boutin, M.S. Dietz, L. Dihoru, S. Hans, E. Ibraim, C. A. Taylor, Dynamic Behaviour of Reinforced Soils – Theoretical Modelling and Shaking Table Experiments, GEOTECHNICAL, GEOLOGICAL, AND EARTHQUAKE ENGINEERING, 2012, Volume 22, 247-263. [2] C. Boutin, Behavior of poroelastic isotropic beam derivation by asymptotic expansion method, JOURNAL MECHANICS AND PHYSICS OF SOLIDS, Volume 60, Issue 6, June 2012, pp. 1063–1087 [3] C. Chesnais, S. Hans, C. Boutin, Dynamics of reticulated structures. Evidence of atypical gyration modes, JOURNAL OF MULTISCALE COMPUTATIONAL ENGINEERING 9(5) 515-528. 2011 [4] Boutin C., Soubestre J. Generalized inner bending continua for linear fiber reinforced materials, INT. JOUR. SOLIDS STRUCTURES Volume 48, 2011, Pages 517-534 [5] S. Hans & C. Boutin, Dynamics of discrete framed structures: a unified homogenized description, JOURNAL OF MECHANICS OF MATERIALS AND STRUCTURES, vol. 3 2008, No. 9, 1709-1739 [6] Huang, T. L.; Ichchou, M. N.; Bareille, O. A, Multi-mode wave propagation in damaged stiffened panels , STRUCTURAL CONTROL AND HEALTH MONITORING Volume: 19 Issue: 5 Pages: 609-629. [7] Collet, Manuel; Ouisse, Morvan; Ichchou, M, Structural energy flow optimization through adaptive shunted piezoelectric metacomposites , JOURNAL OF INTELLIGENT MATERIAL SYSTEMS AND STRUCTURES Volume: 23 Issue: 15 Pages: 1661-1677. [8] Chronopoulos, D.; Troclet, B.; Ichchou, M.; et al. A unified approach for the broadband vibroacoustic response of composite shells , COMPOSITES PART B-ENGINEERING, Volume: 43 Issue: 4 Pages: 1837-1846. [9] Collet, M.; Ouisse, M.; Ruzzene, M.; et Ichchou M., Floquet-Bloch decomposition for the computation of dispersion of two-dimensional periodic, damped mechanical systems , INTERNATIONAL JOURNAL OF SOLIDS AND STRUCTURES, Volume: 48 Issue: 20 Pages: 2837-2848.
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