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Research on the Influence of Longitudinal Static
Stability on Pitch Attitude Control Quality of Micro Air
Vehicle

Cao Hongyu, Zheng Xiangming, Zhu Xinning, Xu Hongyu
(1. College of Aerospace Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing, 210016, China)

Abstract: The fixed-wing Micro Air Vehicle (MAV) is characterized by low speed and small moment of inertia,
making it susceptible to significant changes in angle of attack due to atmospheric disturbances during flight.
Subsequently, the angle of pitch oscillates under the restoring moment of the angle of attack, and the longitudinal
static stability has a certain impact on the pitch attitude control quality of MAV. To enhance the pitch attitude
control quality of MAV, this paper first proposes an evaluation method for MAV pitch attitude control quality
under different longitudinal static stabilities. The method defines the variance and range during angle of pitch’s
oscillation to represent the pitch attitude control quality. Subsequently, aiming for optimal control quality, the
control parameters of the MAV flight attitude control system are adjusted under different static stabilities. By
studying the variation law of optimal control quality under different static stabilities, the influence of MAV
longitudinal static stability on pitch attitude control quality is obtained. The results indicate that there is a certain
nonlinear relationship between pitch attitude control quality and longitudinal static stability. An increase in either
longitudinal static stability or instability will intensify the oscillation of MAV pitch attitude under atmospheric
disturbances. MAV with longitudinal neutral stability exhibit optimal pitch attitude control quality. The findings of
this paper are of great significance for configuring longitudinal static stability during the design process of MAV.
Key words: fixed-wing micro air vehicle; longitudinal static stability; pitch attitude control quality; atmospheric
disturbance; flight dynamics
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Fig.1 Diagram illustrating the influence of static stability on attitude control quality
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Table 1 The longitudinal flight dynamics characteristics corresponding to different center of gravity positions

FOASHLE AT G BB fom ROEMEBEI% {[EKUIEVERSS ¢ B (rad/s) FHJEEE
4.0 19.66 -0.895 44.23 0.37
5.0 14.94 -0.74 36.10 0.38
6.0 8.43 -0.61 27.09 0.43
7.0 2.81 -0.50 14.03 0.73
8.0 -2.81 -0.42 — —
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Fig.3 Variation of MAV’s angle of attack and angle of pitch with different stability margin under atmospheric
disturbance
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Table 3 The state parameters corresponding to the MAV in the trim state with different center of gravity positions

BEOME/Mm  REWBEY% ORTHEERIdA RORFBEEL FETES T R 25 3/ (m/s)

4.00 19.66 11.71 4.95 -11.36 13.88
5.00 14.94 10.69 5.23 -8.95 13.59
6.00 8.43 9.40 5.47 -6.21 13.40
7.00 2.81 7.86 5.62 -3.26 13.31
8.00 -2.81 6.12 5.68 -0.22 13.35
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Fig.13 Effect of stability margin on pitching attitude control quality of MAV
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