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Trajectory Tracking Control of Aircraft Towed by Four-wheel Steering Tractor

DONG Yun-kun', YU Hong-bin'?* | LIU Yang'
(1. School of Mechanical Engineering, Tiangong University, Tianjin 300387, China;
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[ Abstract] In order to improve the trajectory tracking accuracy and stability of the aircraft in the traction process, taking the four-
wheel steering aircraft traction system as the research object, the kinematics model of the aircraft traction system is established, and the
four-wheel steering trajectory tracking control method of the tractor based on the model predictive control was proposed. Taking the
double lane changing condition as the reference trajectory, the motion control simulation model of the aircraft traction system was built
in MATLAB/Simulink, and the four-wheel steering trajectory tracking controller was established by combining the speed of the tractor
and the angular distribution relationship of the four wheels. The controller was compared and analyzed with the traditional PID control to
derive the superiority of the controller, and the tractor four-wheel steering and front-wheel steering trajectory tracking controllers were
simulated and compared and analyzed at the speeds of 1.5 m/s, 3 m/s and 4 m/s, respectively. The designed controller was simulated
and verified by changing the initial positional attitude of the aircraft traction system at a speed of 1.5 m/s. The results show that at
three different speeds, the airplane lateral error, the heading angle error, and the tractor heading angle error under the four-wheel
steering trajectory tracking control of the tractor are smaller than those under the front-wheel steering trajectory tracking control. In the
case of initial deviation, the four-wheel steering trajectory tracking controller can enable the aircraft to complete the correction of the
initial deviation in time, reduce the trajectory tracking error, and at the same time improve the stability of the aircraft’s traction system
in the driving process.

[ Keywords] aircraft traction systems; four-wheel steering; kinematic model; model predictive control; trajectory tracking
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Fig. 1  Four-wheel steering tractor- aircraft geometric model
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Fig. 2 Kinematic model of aircraft traction system
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Table 3 Root mean square error
% 1] 1225/ m FEGI LU AR ZE rad KB FA 1R 22/ rad
B 1.5 m/s 3m/s 4 m/s 1.5 m/s 3 m/s 4 m/s 1.5 m/s 3 m/s 4 m/s
HiTFe e 0.033 522 0. 041 695 0. 058 297 0. 002 805 0.005 131 0. 006 970 0. 001 357 0.002 731 0. 003 682
DY 5 2 ) 0.023 382 0. 026 294 0. 030 139 0.001 717 0. 003 389 0. 004 539 0. 000 889 0. 001 805 0.002 443
x4 AEMBERESHE 04

Table 4 Different initial deviation parameters

5 Ax,/m Ay,/m A, /rad Ay, /rad
141 -0.5 -0.5 0 0
24 -0.7 -0.9 0 0
34 -0.6 -0.7 0.05 0
44 -1 -1 0.1 0
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Fig. 9 Trajectory tracking diagram of aircraft traction

system under four initial deviations
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