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THESIS SUBJECT
Terrestrial wind technologies have reached a certain level of maturity, and attention is now increasingly
focused on the use of offshore winds for higher speeds with less turbulence. The majority of offshore wind
resources are located in waters deeper than 30 m, and a wind turbine installed in these areas must be
mounted on a floating base to ensure its stability. However, the floating platform induces additional degrees of
freedom and is exposed to dynamics and disturbances created by the combined action of winds and incident
waves. This makes it essential to develop robust and adaptive control systems specifically for floating wind
turbines. For a floating wind turbine, controlling the blade pitch angle is particularly important for platform
stabilization, power capture and fatigue reduction. In addition, since turbine control is dependent on wind
speed and incident wave action, the development of controls to mitigate the dynamic load imposed on
structures is necessary to preserve the system and ensure optimal production of electrical energy.

Figure 1: "SIMULEF" simulator structure diagram
The work of this thesis is part of the robust and adaptive nonlinear control of floating wind structures. Indeed,
control plays a crucial role in the overall stability of floating wind turbine systems and in their energy
production. Controls are already used in terrestrial turbines to dampen unwanted structural resonances and
reduce the dynamic response to wind turbulence while ensuring optimal energy production. In floating wind
turbines, it is essential that controls be used to reduce the response of the entire turbine / platform system to
the combined stochastic action of wind and swell. It should be noted that control solutions for onshore wind
turbines give poor results if applied to offshore wind turbines: as a result, much progress remains to be made
for offshore. In addition, this hot topic is still a new and challenging in the renewable clean energy research
area. It is therefore important to consider the challenges posed by these problems by the development of new
control methods to make floating wind turbines efficient. These new methods will be tested and validated on a
SIMULEF Hardware-In-The-Loop simulator. "SIMULEF" is a powerful "real time" simulation tool offering
complete interaction models between the various components of a 8 MW floating wind turbine, in order to
improve its associated performances, particularly in terms of sizing and synthesis of real-time control systems
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for maximizing electrical energy production. "SIMULEF" is a tool that is being developed by three laboratories
of excellence in the field of wind energy conversion systems and control that are: FEMTO-ST in Belfort, LHEEA
in Nantes and LS2N in Nantes.
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EXPECTED COLLABORATION
This thesis is part of a strong collaboration between three research laboratories around wind turbines:
- The SHARPAC team (Hybrid Electrical Systems, Electrical Actuators, Fuel Cell Systems) of the FEMTO-ST
Institute is developing its scientific activity of excellence in the application fields of electric vehicles and
renewable energies. The team's research activities are structured around 6 scientific poles: Static converters,
Fuel Cell Systems, Power Hardware In the Loop, Energy Control and Management, Electric Actuators,
Microgrids.
- LHEEA is a leading research laboratory in the field of floating wind energy. LHEEA addresses its research issues
by implementing a complementary approach: the numerical approach (use and development of modelling
software, in particular in computational fluid mechanics), experimental modelling on reduced models (test
benches, basins, atmospheric wind tunnels, etc.) and experimentation on natural sites (SEM-REV site in the
open sea).
- The LS2N "order" team is a major player in the field of control on a national and international scale. Large
classes of dynamic systems are considered, including continuous time, discrete time, linear (possibly with
varying parameters), nonlinear or switching systems, and delay systems. The fields of applications are multiple,
with a focus on transport systems, energy and health.
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CANDIDATE PROFILE AND BACKGROUND
The ideal candidate should meet the following criteria: He/she is expected to have a solid background in
electrical engineering or control engineering. Adequate knowledge of nonlinear control systems and diagnosis
is also required. Hardware-in-the-Loop (HIL) skills will be appreciated.

