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Analysis and Test of Vehicle Stability Based on Active Pulsed Steering

Zhang Baozhen' Xie Hui' Huang Jing' Amir Khajepour'
(1. State Key Laboratory of Advanced Design and Manufacture for Vehicle Body, Hunan University, Changsha 410082, China
2. College of Mechanical Engineering, University of Waterloo, Waterloo N2L 3G1, Canada)

Abstract: The active steering system can provide steering intervention to improve the vehicle handling
stability. In order to improve the vehicle stability, a rear wheel active pulsed steering system was
proposed and its performance was analyzed and verified by simulation and vehicle test. Firstly, a
hydraulic pulsed steering system was designed and modeled. A simplified 2-DOF vehicle model was
considered as the analytical model, and a rear suspension ADAMS model with the hydraulic pulse
actuator was developed. Secondly, the effect of the steering system on vehicle stability was studied and
the pulse signal parameters ( frequency and amplitude ) were evaluated to determine their optimum
values. And then, a control structure and algorithm were designed, and the simulations were addressed
based on CarSim and Simulink to verify the performance of the proposed system. Finally, a set of
hydraulic pulse steering device was designed and assembled to carry out road experiments to assess the
applicability of the proposed system. Results from simulation and test indicated considerable
improvements in vehicle yaw stability can be achieved and also the roll angle was reduced for improving
the vehicle rollover ability. Sideslip angle and lateral acceleration in the peak were reduced by 46. 8%
and 23.5% , which improved the vehicle lateral stability. Roll factor can be controlled in the set
threshold limits [ —0. 8,0. 8 ] and vehicle roll angle was decreased by 25. 4% , the vehicle anti rollover
ability was improved and showed a better control effect than the active steering system. The considerable
improvements in vehicle stability can be achieved. The proposed system is a very promising for improving
the vehicle stability.
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Tab.1 Lexus rear suspension hard point parameters

[C=Vs = E x/mm y/mm z/mm
1 A b 3137 -812 1218
2 T A 3072 -827 950
3 I\ 1) 4 3 FF A 2487 -752 546
4 ENLE PR 3017 -923 412
5 AR 1) R0 T A1 5 2977 -893 480
6 A 1] LA PN A 2967 -402 585
7 J 185 ) R A 5 3187 -839 483
8 Jei M 1) AT P A 3247 -423 553
9 I 2627 - 650 435
10 ERIE R 3427 - 650 450
11 & 2yl 3075 -325 550
12 TR 3027 -997 550
13 ks AT ML AL 3 217 - 631 518
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4 81.12 -0.32 0.13 -12.19 1. 04
6 81.16 -0.38 0.13 -12.52 1.58
8 81.20 -0.46 0.14 -12.82 2.10
10 81.26 -0.57 0.14 -13.02 2.62
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