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Design of adaptive flight control law for center of gravity and mass
variation and HIL real-time simulation verification
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Abstract: Considering the influence of the center of gravity (CG) and mass variations on flight dynamics, a non-
linear L1 adaptive control approach is presented in this paper and applied to design a flight controller to achieve the
aim of improving the robustness of the flight system against sudden changes in the CG. Based on L1 adaptive con-
trol, this approach introduces a feedback linearization strategy to eliminate the known nonlinear dynamics of the air-
craft and realize the rapid decoupling of the aircraft states. The nonlinear L1 adaptive control also addresses the
problem of insufficient robustness in conventional L1 adaptive control due to overcoming its own known nonlineari-
ties, and then improves the robustness to external disturbances. Additionally, the modified piecewise constant is
employed to design the adaptive law to improve the estimation accuracy. Finally, the control performance and ro-
bustness of the designed flight control law are verified in the hardware in the loop (HIL) flight control semi-physi-
cal experimental platform. Experimental results indicate that the nonlinear L1 adaptive flight control law has strong
robustness, which can effectively overcome the disturbance of the CG and mass sudden variations. Moreover, the
designed controller takes into account the transient performance while ensuring the steady-state performance of the

aircraft with CG change.

Keywords: nonlinear L.1 adaptive control; flight control system; center of gravity variations; hardware in the loop

experiment ; modified piecewise constant adaptive law
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