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NASA has initiated an Integrated Resilient Aircraft Control (IRAC) effort under the Aviation Safety Program. The
main focus of the effort is to advance the state-of-the-art technology in adaptive controls to provide a design option
that allows for increased resiliency to failures, damage, and upset conditions. These adaptive flight control systems
will automatically adjust the control feedback and command paths to regain stability, maneuverability, and
eventually a safe landing. One potential consequence of changing the control feedback and command paths is that
an undesired aeroservoelastic (ASE) interaction could occur. The resulting limit cycle oscillation could result in
structural damage or potentially total loss of vehicle control.

Current airplanes with non-adaptive control laws usually include roll-off or notch filters to avoid ASE interactions.
These structural mode suppression filters are designed to provide 8 dB of gain attenuation at the structural mode
frequency. Ground Vibration Testing (GVT), Structural Mode Interaction (SMI) testing, and finally full scale flight
testing are performed to verify that no adverse ASE interactions occur. Until a significant configuration or control
system change occurs, the structural mode suppression filters provide adequate protection.

When an adaptive system changes to respond to off-nominal rigid body behavior, the changes in control can affect
the structural mode attenuation levels. In the case of a damaged vehicle, the frequency and damping of the
structural modes can change. The combination of changing structural behavior with changing control system gains
results in a system with a probability of adverse interactions that is very difficult to predict a priori. An onboard,
measurement based method is needed to ensure that the system adjusts to attenuate any adverse ASE interaction
before a sustained limit cycle and vehicle damage are encountered. This system must work in concert with the
adaptive control system to allow the overall goal of re-gaining rigid body performance as much as possible without
exacerbating the situation with ASE interactions.
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