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Abstract

Vehicle stability is a very important subject in vehicle design and control, because vehicle safety is closely

~dependent upon its dynamic stability. The control logic for four-wheel steering(4WS) systems, in which maintaining at

least the specified stability region is the control objective, was constructed using the simplified vehicle model of 3
degree-of-freedoms. The improvement of vehicle stability was verified through computer simulations for the slalom
and the double lane change maneuver using the multi-body dynamic model in MSC.ADAMS.
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Nomenclature

: the distance from the front axie to C.G., m

b : the distance from the rear axle to C.G., m

u : the longitudinal velocity of vehicle, m/s

v : the lateral velocity of vehicle, m/s

r  :the yaw rate of vehicle, rad/s

F,r :the side force of the front tire, N

F,n :the side force of the rear tire, N

0, :the steer angle of the front wheel, rad

8,  :the steer angle of the rear wheel, rad

m  :the total mass of vehicle, kg

L. :the yaw monment of inertia of vehicle, kg m’
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Fig. 1 Schematic diagram of the four-wheel steering system
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Fig. 2 The simplified vehicle model (3 degree-of-freedom)
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Rear steer angle (deg)

Fig. 4 The original control map

Table 1 The original control map

Vehicle Steering wheel angle (deg)
speed o | age | 400 | 600 | 80° | 100° | 120° | 140°
(km/h)

0 0° | 0° | 0° | 0° ] 0° [ 0° ] 0° | O°

18 0° [ 0° | 0° | O0° | 0° | 0° | 0° | C°

36 0° [ 0° | 0° | 0° | O° | 0° | 0° | O°

54 0° [ 0° | 0° [ 0° | 0° | 0° ]0.70°|1.90°

T2 0° 1 0° | 0° | 0° 11.10°)2.50°|3.60°}4.90°

90 0° | 0° | 0° [1.30°]2.50°{3.70°]5.00°|6.30°

108 0° | 0° [0.80°[1.90°|3.20°|4.50°}5.70°7.00°

126 0° | 0° [1.20°]2.40°|3.70°4.90°(6.20°|7.40°

144 0° | 0° |1.50°]2.70°]4.00°5.20°6.50°|7.70°

Table 2 The adjusted control map. This is adjusted to trim
the values above 5°, and to smooth the sharp change
from naught to some values

Vehicle Steering wheel angle (deg)

speec 0° | 20° | 40° | 60° | 80° | 100°|120°| 140°
(km/h)

0 0° y 0° [ 00 | 0° F 0° | 0° ) 0° | O°

18 0° | 0° | 0° | O° | 0° | 0O° | O° | O°

36 0° [ 0° ( 0° | 0° | 0° { O° [0.20°]0.70°

54 0° | 0° | 0° | 0° | 0° [0.20°]0.70°[1.90°

72 0° | 0° | 0° [0.30°(1.10°(2.50°|3.60° [4.90°

90 0° | 0° [0.30°|1.30°(2.50°13.70°|5.00°5.00°

108 0° 10.20°|0.80°11.90°|3.20°|4.50°|5.00°|5.00°

126 0° 10.30°71.20°2.40°(3.70°|4.90°|5.00°15.00°

144 0° (0.30°11.50°(2.70°14.00°[5.00°[5.00°|5.00°
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Fig. 5 Rear control angles of the adjusted control map
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Fig. 7 Full vehicle model in MSC.ADAMS
The front: double wishbone, the rear: multi-link type
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