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Fig.1 The multi — variable stabilization control algorithm
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Fig.2 The yaw angular velocity curve

A EIHIEMIEAR (v = 60km/h ,6 =12°)
Different evaluation index(v =60km/h,d =12°)

Control algorithm  Yaw rate  Yaw rate stable

Stable time (s)

Peak lateral

Lateral acceleration Yaw rate Rear wheel angle

of k value  peak(deg/s) value(deg/s) acceleration (m/s?) stable value(m/s?) overshoot maximum( deg)
0 36.2968 33.75 1.3454 10.2 / 7.5% 0
0.1105 35.3631 33.5 1.2198 9.683 9.577 5.56% 0.251
0.2210 34.8577 33.5 0.8519 9.630 9.577 4.05% 0.3949
0.3315 34.5123 33.5 0.8571 9.605 9.577 3.02% 0.503
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Fig.3  The rear wheel angle curve
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Table 2 Different evaluation index under different vehicle quality

Front wheel Control algorithm Vehicle Yaw rate Yaw rate stable Response Stable Yaw rate
angle(°) of k value quality(kg)  peak(deg/s) value(deg/s) time('s) time('s) overshoot
12 0.2210 1000 34.8577 33.5 0.925 0.8519 4.05%
12 0.2210 1300 32.1089 30.2479 0.87 1.25 6.15%
12 0.2210 1500 30.4732 28.6385 0.86 1.31 6.40%
x3 EOITEIRERNITENER

Table 3  Different evaluation index based on proportional angle

. Yaw rate Yaw rate stable . Peak lateral Lateral acceleration Yaw rate Rear wheel angle
Control algorithm Stable time(s) . N N .
peak (deg/s) value( deg/s) acceleration( m/s*)  stable value(m/s*) overshoot maximum( deg)
5 =0 36.2968 33.75 1. 3454 10.2 / 7.5% 0
6, = 6,/24 35.2029 33. 6449 0. 9459 10. 108 / 4.43% 0.5
8, =8,/12 34,2293 33.3777 0. 885 10. 005 / 2.49% 1
8, =- k(56" —y) 34.5123 33.75 0. 8571 9. 605 9.577 2.26% 0.503
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Fig.4 Yaw rate curve under different vehicle quality
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CLOSED-LOOP HANDLING STABILITY OF 4WS VEHICLE
BASED ON YAW-RATE TRACKING *

Yang Bin'"  Sun Qinghong® Chen Ning' Tian Jie'
(1. College of Automobile and Traffic Engineering, Nanjing Forestry University, Nanjing 210037, China)
(2. School of Mechanical Engineering of Southeast University, Nanjing 210096, China)

Abstract Vehicle handling stability response from multiple state variables was considered. A multi-variable sta-
bilization control algorithm for four-wheel steering vehicle based on yaw-rate tracking was put forward. To improve
the vehicle dynamic response in a high speed range, the closed-loop simulation model of 4WS system was estab-
lished. The transient and steady maneuverability of the 4WS vehicle was tested by using the visual prototyping
model with the different control algorithms. The results show that the nonzero input of the rear steering angle is
suitably controlled according to the 4WS multi-variable stabilization control algorithm, the transient responses of
4WS vehicle will be significantly improved, such as the lateral acceleration and its yaw angular velocity, mean-

while, its steady maneuverability is unchangeable.

Key words 4WS (four-wheel-steering) vehicle, handling stability, yaw-rate tracking, closed-loop sys-

tem, multi-variable stabilization control
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