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PhD Studentship: Design tools for aeroelastic and structural virtual certification of new 

generation wings. 

Reference: ASD0001 

Closing Date: 30/06/2021 

Department: Bioengineering and Aerospace Engineering Department 

Start Date: as soon as possible 

Eligibility: any candidate holding a MSc 

Duration of award: 3-4 years 

Supervisors: Dr Andrea Cini, Dr Rauno Cavallaro 

Applications are invited for a fully funded PhD studentship in the Aeroelastic and Structural 

Design group at the University Carlos III of Madrid 

 

Project Description 

This PhD project aims at developing a design procedure for performance optimisation of 

new generation flexible wing. The continuous improvement of aircraft performance in term of 

fuel efficiency and range, is driven the design toward aerodynamically efficient elongated 

wings made of lightweight structures. The structure compliance and flexibility require the 

aeroelastic response analysis since the first design stages to obtain consistent aerodynamic load 

estimations and efficient wing architectures. A procedure will be developed to optimise the 

wing aerodynamic parameters and material distribution by taking into account the 

aerostructural coupling. The PhD will be mainly focus on developing the structural sizing tools 

defining the wing internal structures and mass distribution even if a knowledge of aerodynamic 
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and aeroelastic is recommended to control the entire optimisation methodology. Flexible 

structural tools are required to quantitatively evaluate structural configurations in term of 

weight, manufacturability and cost. Different level of fidelity as well as several optimisation 

architecture strategies will be assessed and compared in term of accuracy and computational 

cost. Conventional and new generation wings will be optimised comparing their performance. 

Low/mid fidelity models will be developed on the basis of modified beam theories to design 

aircraft wing components satisfying stiffness, strength, stability, flutter, durability and damage 

tolerance requirements. Minimum weight optimisation principles and manufacturing 

constraints will be included into the model identifying weight saving potential and feasibility 

of different structural solutions. Model versatility will be ensured allowing the analysis of both 

isostatic and hyperstatic wing architectures and composite wing boxes, consisting of different 

materials whether isotropic or orthotropic. Damage tolerance constraints will, be enforced 

optimising, therefore, composite staking sequences for impact and bucking resistance. Ply-drop 

strategy will be considered for weight saving by constraining adjacent beam cross-sections. 

Owing to the large deflection of the structure, the analyses will be geometrically nonlinear 

estimating also shear deformations and composite interlaminar stress by simple approximation 

methods (Layer-wise theory). The aerostructural coupling effect will require the evaluation of 

design response sensitivities to aerodynamic or architecture shape parameters as well. 

Mid/high fidelity models based on shell GFEM will be subsequently developed to enhance 

the procedure accuracy by including design detail such as assembly techniques and component 

joints. Size and free size optimisations will be applied to optimise material distribution and 

composite ply shape for minimum weight aeroelastic tailoring. Composite staking sequences 

will be optimised as well to maximise weight saving and aeroelastic responses whereas 

considering simultaneously ply book constraints. Damage tolerance and failure constraints will 

be enforced by means of design of experiments based on dedicated virtual testing models. 

Process based cost models will provide accurate estimation on the manufacturing recurring and 

nonrecurring costs. 

Surrogate models based on the optimisation procedure results will be created to obtain a 

simple preliminary aero-structural design tool to optimised flexible wing architecture. 

Entry Requirements: 

Applicants should hold or expect to obtain a first-class or upper second-class honours degree, 

preferably at master level or equivalent, in aerospace engineering or a relevant discipline, such 

as mechanical or structural engineering. Students with a background in aeronautical structures 

are particularly encouraged to apply. Candidates should be self-motivated and capable of 

working under pressure to meet deadlines. They should also have good communication skills, 

inclination to research and proactive behaviour. Previous experience in finite element 

modelling (Abaqus, Nastran, Ansys, OptiStruct) and programming skills (Matlab, Pyton, C++) 

would be advantageous. 

Funding: 

Successful applicants will receive an average bursary of €16,750 p.a. and tuition fees for 

three/four years, subject to satisfactory research progress.  

For further information please contact Dr Andrea Cini, T: +34 91624 8238, E: 

andrea.cini@uc3m.es 

Applicants are recommended to contact Dr Andrea Cini before starting the official application 


