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Servoelastic Stability Analysis and Controller Design for Aerospace Vehicles

SONG Hongjie' , LI Yu* " ,SHANG Yiming',XU Baohua®,CAI Guangbin'
(1. Rocket Force University of Engineering, Xi’an 710025, China
2. State Key Laboratory of Astronautic and Aeronautic Technology, Beijing 100074, China)

ABSTRACT: To systematically elucidate the intrinsic effects of aero-servo-elasticity (ASE) on the stability of aero-
space vehicles and facilitate effective control, this study investigated aerospace vehicle dynamics modeling, ASE
stability assessment, and controller design. First, a longitudinal dynamics model was developed by integrating rig-
id-body motion with the first-order ASE modes. Second, the influence of the first-order elastic mode frequency on
the vehicle trim state was examined. Furthermore, following model linearization, the impact of this frequency on
the open-loop dynamic characteristics was evaluated. The results reveal that low-frequency elastic modes induce a
sharp decrease in the system phase margin. Specifically, the closed-loop system becomes unstable when the first-
order elastic mode frequency reaches 3 rad/s. Finally, to mitigate this instability mechanism, a controller compri-
sing a “pole-placement inner loop and sign-compensated low-pass PI outer loop” is developed. With this control
framework, the closed-loop system achieves a phase margin of 39. 9° and a gain margin of 11. 57 dB. Time-domain
simulation results demonstrate that the proposed hierarchical control architecture exhibits good robustness and ef-
fectively addresses ASE-induced instability.

KEYWORDS: aerospace vehicle; aerodynamic servoelastic stability control; pole placement; gain margin;

phase margin
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