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Mots clés 
Sustainable aviation, new aircraft concept, control and guidance architecture, robust and nonlinear control, 
control allocation, adaptive reference generation, robustness analysis, flight tests. 

Profil et compétences recherchées  
Students from engineering schools or top universities, with a good knowledge in control theory, linear 
algebra, aerospace systems and Matlab/Simulink, as well as a very good English level. 

Présentation du projet doctoral, contexte et objectif 
Climate neutrality in 2050 is the core goal of the European Union’s Green Deal. In this perspective, disruptive 
changes are needed in all segments of aviation. The use of sustainable fuels is an option, but their cost in a 
few decades is projected to be at least four times higher than today’s kerosene. So in order to ensure climate 
as well as socio-economic sustainability, future aircraft will not only have to fly on green fuel, but also 
consume as little of it as possible. Disruptive technologies that go beyond the state-of-the-art are therefore 
needed to make commercial airplanes more energy-efficient. One of them is a new aircraft concept known 
as the Flying V, where the passengers are laterally distributed in a pressurized wing. Due to the absence of 
a fuselage, it has a smaller external surface area compared to a traditional tube-and-wing aircraft, thus 
reducing its drag. Rather than having a traditional tail, it uses large winglets, which not only further reduce 
drag, but also maintain adequate directional stability. Finally, due to the lateral distribution of passenger and 
cargo weight, its structure is less heavy, which also reduces its lift-induced drag. These three contributions 
are expected to improve energy efficiency by 20% compared to a traditional tube-and-wing aircraft. 

 
The Flying V concept 

However, many questions arise with this new flying wing configuration, from passenger comfort to engine 
maintenance, crashworthiness, airport integration... Several studies have been carried out since the 
introduction of the Flying V in 2015, mainly focused on overall aircraft design, flight dynamics modeling and 
aerodynamic model identification. Recently, preliminary studies on the aircraft stability and control 
characteristics have been published, but no control/guidance architecture is available for the moment. One 
of the key challenges deals with the flying and handling qualities of the Flying V. Preliminary research in wind 
tunnel has revealed that the nonlinear aerodynamics in the high angle-of-attack region has diverging effects, 
which can threaten flight safety during the take-off and landing phases. Furthermore, flight tests performed 
with a 4.6%-scale model have shown unsatisfactory lateral-directional handling qualities such as a strong 
yaw-roll coupling. And last but not least, the effects of abnormal conditions such as engine failure, partial 
actuator faults, and partial structural damage (e.g. due to a bird strike) have not been studied. Yet, 
certification bodies such as EASA put hard requirements on the flying and handling qualities of any passenger 
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airplane to ensure flight safety. In this context, the objective of this PhD is to investigate which flight control 
systems can ensure that the Flying V complies with regulations and provides excellent handling qualities. 

Given the truly multivariable and over-actuated nature of the aircraft, traditional control design techniques 
which employ successive loop closures are doomed to fail. Additional limiting factors such as aerodynamic 
coefficient uncertainty, high angle-of-attack operation and sometimes limited control authority also need to 
be taken into account during the flight control system design process. Techniques stemming from robust 
control theory, such as H∞ and linear parameter-varying control, may truly contribute to the problem. 
Additional methods able to address actuator and sensor saturation, such as reference governor approaches, 
may be employed too, combined with control allocation functionalities to remedy system failures and/or over-
actuation. Last but not least, stringent certification requirements require advanced verification and validation 
(V&V) tools. The core of this PhD will be devoted to the generation of design models suitable for control laws 
synthesis, and to the development of a complete control and guidance architecture. Once finalized, it will be 
tested in simulation environments such as Matlab/Simulink, but also in the TU Delft Simona research 
simulator, as well as in real flight using the Flying V research prototype. 

Organisation 
Sur le plan académique cette thèse sera rattachée à TU DELFT et durera 4 ans. 

- 18 premiers mois : TU DELFT (Pays Bas) 

- 18 mois suivants : ONERA / DTIS – Toulouse 

- 12 derniers mois : TU DELFT 

 
TU Delft simulator 

 

 
Flying V prototype 
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