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Active disturbance rejection control of the magneto-rheological
shimmy damper based on the smart chaos fractional-order
beetle swarm optimization algorithm

DONG Lei', CHEN Zenggiang'?, SUN Mingwei', SUN Qinglin', HUANG Zhaoyang'

(1. College of Artificial Intelligence, Nankai University, Tianjin 300350, China; 2. Key Laboratory of Intelligent Robots, Tianjin
300350, China)

Abstract: To improve the stability and safety of an aircraft during the take-off and landing, a magneto—rheological
damper is applied to the shimmy control of its front wheel. In this paper, the mechanical properties of a modified
Bouc—Wen magneto-rheological damper are described, which is used in an aircraft landing gear model with three de-
grees of freedom and for which a third-order active disturbance rejection controller (ADRC) is later designed; sub-
sequently, the chaos fractional-order beetle swarm optimization is used to optimize the controller parameters. Finally,
the simulation results indicate that the controller with optimized parameters exhibits good performance in shimmy redu-
cing control with certain robustness.

Keywords: aircraft front landing gear; shimmy; magneto-rheological damper; modified Bouc-wen model; shimmy re-
duce; active disturbance rejection control; beetle swarm optimization; chaos fractional order beetle swarm optimization;

parameters optimization; robustness
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Table 1 the parameters of the landing gear model
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i) 3 58 /rad 20
R IR AE M 0 /(°) 10
MR IIAE AR O/(°) 5
Hefib 2 Ka/m 0.1
Ji 0 T BE H Bk /(N - m?) - rad ™! -126
FAStC B or/m 0.3
WATHEEv/(m-s7h) 0~50
A2 )1 d/m 0.1
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Table 3 The parameters of the controller

Bk itk SRUE
=61.88 =4 .82
ESO Boi B0z 999.8
By = 16200.11,5 = 0.001
CrBso =45.65,8, =6.37,b, = 35.94
NLESF B =45.65,5, = 6.37,by = 35.
(51 = 001,62 = 001
=60.01 =4 .
ESO Bo B0z 998.66
By = 13 015.38,5 = 0.001
Bso =0.15,8, =9.99,b, = 42.53
NLESF B =0.15,8, = 9.99,by = 42.

(51 = 00],62 = 00]
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ITAE = fle(t)ltdt (32)
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Table 4 Performance index for shimmy reductiom
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Table 5 Performance index for robustness
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