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Load Alleviation for Very Flexible Aircraft

Abstract:
Transport aircraft designs are evolving towards having wings with higher aspect ratio to improve aerodynamic performance and meet demand-
ing flight mission specifications for reduced fuel consumption, lower emissions, and more efficient flight. With the resulting increased wing 
structural flexibility, flight loads also increase. Airworthiness certification mandated by regulatory agencies requires demonstrating that 
critical loads in these aircraft do not exceed specified limits that ensure safety and structural integrity. Active load alleviation schemes can 
enable reduced structural mass while satisfying certification requirements. Conventional approaches to maneuver load alleviation call for au-
tomatically deflecting control surfaces, such as elevons, to concentrate lift inboard and reduce the wing bending moment at critical stations. 
These control surfaces are deflected proportionally to some monitored parameters (e.g., load factor or wing curvature), which are obtained 
from sensor measurements. 
This presentation will address the challenges encountered on load alleviation for very flexible aircraft (VFA). It will start by reviewing the 
unique aeroservoelastic challenges that arise from large deformations of the wings and coupled aeroelastics—flight mechanics behavior, and 
the importance of having a framework able to capture geometrically nonlinearities to allow the study of how the loads (and vibration) charac-
teristics changes when compared with a more traditional, less flexible aircraft. This will be followed by a proposed control technique to enable 
maneuver load alleviation (MLA) based on reference governor and model predictive control. Based on these numerical studies, a half-aircraft 
model of a VFA is studied in the wind tunnel. The experimental results confirmed the ability of the control technique to reduce loads but also 
indicated remaining challenges to be address for such solution. The presentation will end with a short outlook on how we intend to extend the 
MLA to also address gust load alleviation (GLA) and how to bring those load alleviation concepts into the multidisciplinary aircraft design.
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