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Abstract : This paper presents the sliding mode control methods for anti-lock brake system (ABS) with the friction
force observer. Using a simplified quarter car model, the sliding mode controller for ABS is designed to track the
desired wheel slip ratio. Here, new method to find the desired wheel slip ratio which produces the maximum friction
force between road and tire is suggested. The desired wheel slip ratio is varying according road and tire conditions to
produce maximum friction force. In order to find optimum desired wheel slip ratio, the sliding mode observer for
friction force is used. The proposed sliding mode controller with observer is evaluated in simulation, and the control
design is shown to have high performance on roads with constant and varying adhesion coefficients.

Key words : Braking distance(#]-5-712]), ABS(Anti-lock Braking System, 2.8 o] = %71 “&X]), Sliding mode control
(£8told = A o)), Observer(=71), Wheel slip ratio(2 & H-&), Road friction force(:= w22

Nomenclature v : longitudinal speed
) . ) n : sliding mode observer gain
e : tracking error of slip ratio o .
_y A : longitudinal slip ratio
F,  :tyre friction force ; o .
o Yy : desired longitudinal slip ratio
F,,  :peak tyre friction force

P A : peak slip ratio

F : estimation of tyre friction force . . .
¢ ¥ AN :increment of slip ratio
J : inertia of wheel and tyre .
w : wheel angular speed
k : sliding mode controller gain — .
8 & w : tracking error of wheel angular speed
m : quarter car mass . o
. . i w : estimation of wheel angular speed
r : effective rolling radius of tyre o . .
. . . . ) £ : slope between tyre friction force and slip ratio
s : sliding surface for tracking desired slip ratio L o L
. o : sliding surface for estimating tyre friction
T, : braking torque
brak force
T : maximum braking torque . !
bmax £t T : time constant of first order filter
@ : boundary of saturation
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Table 1 Vehicle data used for ABS braking

Total mass 1280 kg
Moment of inertia (Z axis) 2500 kgm2
Distance from C.G to front axle 1.203 m
Distance from C.G to rear axle 1.217m
Wheelbase 242 m

Track width 1.33m

Height of C.G above ground 0.5m

Roll axis torsional stiffness 45000 Nm/rad
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