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Abstract

In this study, vehicle directional stability is investigated for limit driving for

crash avoidance maneuver using a full

vehicle dynamic model. The model was

analytically validated using typical step steering and lane change simulation. Limit
driving condition for the vehicle model was quoted from research results of references.
It was demonstrated that instable vehicle motion was caused by not only road

conditions but also driving conditions.

the simulation showed that braking

combined with steering caused very hazardous situation in crash avoidance maneuver.
Finally, phase plane plot approach was used to evaluate the dynamic instability.
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Fig. 1 Simplified vehicle model for transient
steering motion
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Fig. 2 Simplified model for vehicle braking
motion
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Table 1 Vehicle parameter

x
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Vehicle Parameters

Values

Vehicle gross mass

1524 (kg)

Vehicle body mass

1376 (kg)

Track width (Front/Rear)

1457/1440 (mm)

Wheelbase

2649 (mm)

Center of gravity

Distance from the front axle 1148(mm)
Distance from the rear axle 1501(mm)
Distance from the ground 511(mm)

o Front (N/mm) 20.8
Spring constant -
Rear (N/mm) 19.1
Shock absorber Front (N-s/mm) See Fig. 4
Damping coefficient Rear (N-s/mm) See Fig. 4
Steering ratio 19.2
Unloaded radius 295 (mm)
vertical stiffness 206 (N/mm)
vertical damping 2.06 (N s/mm)
Tire Lateral stiffness 50 (N/mm)
Static friction coefficient( z.) 0.85
Dynamic friction coefficient( xy) 0.75
Rolling resistance coefficient 0.01
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Fig. 4 Shock absorber characteristics
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Table 2 Steady state dynamic parameter validation

Dynamic Parameters Values Calculated value
Vehicle Velocity, U 13.83%(m/sec)
Yaw Rate, r -9.80(deg/sec)
Lateral Acc’, av 0.24(g's) ay = U = 13.89x0.17
Roll Angle, ¢ 1.26(deg) B 2'36&“/’586)
Left Front, Fur “1296.40 (N) = 024 (g's)
Eféﬁ Right Front, Fue -888.95 (N)
Force Left Rear, Fug ~-869.44 (N)
Rxght‘Rear, Firr —:1;1:5.87 (N)‘ SF, - 360066 (N)
& 3 =44
e g pons Far | ameiroo | ™
Normal > 2 b 3581.4(N)
Force Left Rear, Fuir -3765.10 (N)
Right Rear, Fmzr -2374.80 (N)
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