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Dynamic Performance Analysis for 6WD/6WS Armored Vehicles
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ABSTRACT

In this study, a simulation tool is developed in order to investigate non steady-state cornering
performance of 6WD/6WS special-purpose vehicles. 6WD vehicles are believed to have good per-
formance on off-the-road maneuvering and to have fail-safe capabilities. But the cornering perfor-
mances of 6WS vehicles are not well understood in the related literature. In this paper, 6WD/6WS
vehicles are modeled as a 18 DOF system which includes non-linear vehicle dynamics, tire models,
and kinematic effects. Then the vehicle model is constructed into a simulation tool using the
MATLAB/SIMULINK so that input/output and vehicle parameters can be changed easily with the
modulated approach. Cornering performance of the 6WS vehicle is analyzed for brake steering and
pivoting, respectively. Simulation results show that cornering performance depends on the middle-
wheel steering as well as front/rear wheel steering. In addition, a new 6WS control law is proposed
in order to minimize the sideslip angle. Lane change simulation results demonstrate the advantage
of 6WS vehicles with the proposed control law,

Fa71E8e  6WD(6FETE), 6WS(68=2%F), Non Steady-State(B)A44e]), Off-The-Road(#
2]), Pivoting(2) 2% ), Sideslip Angle( 3v|11¥2}), Lane change( X7 )

Zlgdy V, : Lateral velocity
V. I Vertical velocity
Subseript i ; i-th wheel Vv . Vehicle speed
V. ! Forward velocity ] ! Roll angle
g : Pitch angle
*aoFo gt of2kql ;
#3549, BPYR oo ¥ o Yawangle
w29, FYdeta U7 2e P > Roll rate
i Eel, Sdisa S q ! Pitch rate
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r > Yaw rate

L,I,1. : Principle centroid moment of inertia
l.i . Rotating wheel inertia

F. : Tractive force

F, :Side force

Fi  : Vertical load

F,. :Lateral force of the front wheel

F,. : Lateral force of the middle wheel
F,. : Lateral force of the rear wheel

C;  :Front cornering stiffness

@}
3

: Middle cornering stiffness

o

: Rear cornering stiffness
. Steer angle

. Axle rotational speed

: Drive torque

: Rolling resistance

. Longitudinal slip

R IAE >

; Slip angle
: Tire radius

—
z

: Friction coefficient

: Adhesion reduction coefficient

: Height of ¢.g. above ground

: Sideslip angle

: Suspension deflection

: Unsprung mass vertical situation

A S T - S

: Road-input of the wheel
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Table 1 X} m2jojg]

Vehicle mass M 5000kg
Unsprung mass m 190kg
Moment of inertia(X Axis) I, 3619.5kgm?
Moment of inertia(Y Axis) I, 12306.5kgm’
Moment of inertia(Z Axis) I, 14478kgm?
Distance from c.g. to front axle I 1.8m
Distance from c.g. to middle axle In (.2m
Distance from c.g. to rear axle I, 2.2m
Distance from ¢.g. to ground h 1.25m
Track width 2d Im
Spring coefficient of the suspension | k 89266N/m
Damping coefficient of the suspension | b 1762.5Ns/m
Spring coefficient of the tire K, 682960N,/m
Roll bar stiffness K. 2566Nm/rad
Rotating wheel inertia lo 6.25kgm’
Tire radius I 0.5m
Nominal longitudinal stiffness C, | 168118.2N/unitskid
Nominal comering stiffness Ca 112078.8N/rad
Friction coefficient ¥ 0.6
Road adhesion reduction factor £ 0.015s/m
Front roll steer coefficient Ky 0.15
Middle foll steer coefficient Ken 0.15
Rear roll steer coefficient K. 0.15
Lateral force lag time coefficient Cy 1
Ratio of camber angle to roll angle | Kr 0.1
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