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Design of Multi-axle Vehicle Steering Control System and Simulation
Based on Fuzzy Adaptive PID Controller

WEN Guilin, HAN Wangli, ZHOU Bing

State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University, Changsha 410082, China

Abstract A 2-DOF model of the five—axle all terrain crane with some simplifications is proposed, and based on the assumption of zero
side—slip angle of mass center and the proportional control strategy, the function relating the angles of the rear and the front axles, and
the velocity are derived. With some simplifications with respect to the proportional valve and the cylinder, a mathematical model of the
steering system in Matlab/Simulink is established. In order to overcome the weakness of the traditional PID controller, a fuzzy adaptive
PID controller of the rear axle steering angle is built in Matlab by using its fuzzy logic control toolbox. Through the real —time
determination of the PID parameters, a high control precision is achieved. A steady state cornering simulation is carried out under 25km/h,
and the comparison of the simulation and theoretical values shows that the fuzzy adaptive PID controller works well, with quick system
response and good following performance.

Keywords five axles all terrain crane; 2-DOF model; zero side—slip angle of mass center control strategy; fuzzy adaptive PID controller
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Fig.1 2-DOF model of multi-axles vehicle
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Fig. 2 Schematic diagram of the hydraulic power

steering system
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Fig. 3 Schematic diagram of control system for

the steering actuator
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Fig. 4 Principle of fuzzy adaptive PID controller
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Table 1 Technical parameters of the
five axles all terrain crane

mikg L/m L,/m Lym
57000 3.47 0.82 -0.83
Ly/m Lym I/(kg'm*)  Cy/(kN-rad™)
-3.2 -4.92 550637 -680
CJ/(kN-rad™) Cy(kN-rad") Ci/(kN-rad™) Cs(kN-rad™)
-680 -650 -600 -600
K & w,/Hz
36.69 0.2 156.38
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Fig. 5 Fuzzy adaptive PID control system for rear axle steering angle
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Fig. 6 Test data of steering angle of first axle (a)
and the velocity of the vehicle (b)
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Fig. 7 Theoretical steering angle and test
data of the 2—5 axles
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