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Effect of Ice Accretion on Aircraft’s Longitudinal
Nonlinear Dynamic Stability Region

YUAN Guogiang, LI Yinghui, XU Haojun, ZHENG Wuji

(School of Aeronautics and Astronautics Engineering, Air Force Engineering University, Xi’an 71038, China)

Abstract: Icing may threaten flight safety, so the research on the effect of icing on aircraft
stability is of great significance in ensuring flight safety. Ice reduces the stall angle of attack.
Only studying the stability of a small angle of attack in the linear segment is not sufficient, so it
is necessary to investigate the nonlinear dynamic stability region of the aircraft. Firstly, a
nonlinear dynamics model of iced aircraft’s longitudinal motion is built based on the aerodynamic
coefficient curves under icing condition. Then, the stability region boundary of the aircraft’s
longitudinal motion is constructed according to the nonlinear dynamics theory, and is verified by
time-domain simulation. Finally, the influence of icing on the stability region of the aircraft is
analyzed through comparing the change of the stability region under ice-free and icing conditions,
and the effects of icing on the stability region and the aerodynamic coefficients are compared.
Under icing condition, the stability region shrinks by about 20 percent in the pitch velocity
direction, and the maximum angle of attack on the boundary of stability region decreases by about
1 degree. The results show that the change of the stability region of the aircraft is consistent with
the change of the aerodynamic coefficient under icing condition, which leads to a smaller stability
region or even flight accident.
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