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Abstract : This paper presents a mathematical vehicle model that is designed to analyze the dynamic performance and
to develop various safety control systems. Wheel slip controllers for ABS is also formulated to improve the vehicle
response and to increase the safety on slippery road. Validation of the model and controller is performed by comparison
with a commercial software package, CarSim.

The result shows that performances of developed vehicle model are in good accordance with those of the CarSim on
various driving conditions.. Developed ABS controller is applied to the vehicle model and CarSim model, and it
achieves good control performance. ABS controller improves lateral stability as well as longitudinal one when a vehicle
is in turning maneuver on slippery road. A driver model is also designed to control steer angle of the vehicle model. 1t
also shows good performance because the vehicle tracks the desired lane very well.

Key words : Vehicle model(X}% = 9), Driver model(-2- 2} = &), ABS(Anti-lock Brake System), Sliding mode
wheel control(&2}o] o B.= n}5 =)o), split 11 road, 11 change road

Nomenclature N\, :positive constants
A : area of master cylinder, m* A cslip
F : force, N ® : wheel angular velocity, rad/sec
I : moment of inertia of wheel, kg-m” .
My total vehicle mass, kg Subscripts
P : pressure, N/m* : b : brake
R : radius, m roll  :rolling
T : torque, N-m w : wheel
v : velocity, m/sec X,¥,Z : longitudinal, lateral, normal
¥ : yaw angle, rad
6t :steering angle, rad 1L A2

3 % 2] ABS A] 28L& 1908\ 7] 21 A5

‘Corresponding author, E-mail: jhsong@tu.ac kr

180



48 ATEQO{E 0|85 Xl IH U ABS H[0|7|9] Ms T}

anti-skid braking controller®] 7juto]] A 5] A) 2}y
AT} o] F ABS:= 22 AF3se 19799 & A<
A ApA| o] 2] ABS7} Bosch A}9} Mercedes-Benzol] <]
3tof 482t S owj 3 ABS Alawle AT
AR E DA, AT T 2T 5
Efojol e} wim s} 3 ok WAl sl A
o Bto]o) 9] =148 AA)y :

3, ABS 53} 28 ek o A o] Al 28 9) 7)
B AME AP, o] 22 A7t B0 A8
Hojok gt} B uk 2} Al A A o] P
A QA = FFel M A 7)1 D A v g 4
& A8A = o) 24 simulation A7 7)¥o] ®Th
2 ofof 2} simulation 7] o] ¥rA A o] 2

7IRke 2 3l Aof 7ol whrlo] ulE o], u)g
ol Bo] EH A} A Y 552 =Y &g
G EFAE] FES 5Y 5 glon REZL) A}

5 A4S 4A FAF 5

&2 9k simulation 4 7-9] 7 L g e A A
el Frprt olH 9] AHA e FrIt Y= A
ot} o] & FE 3] flstel At AH Ao} w)
AL T e AFte) Aate)l vwals e =
2 ARESEAL Qi) s w B2 % simulationS
THE 5 A0S WF 2RI volg} )&HR
got o2 ATE F3y] o Aok

of TN E ISARFEE 7HHE A% mag
2A8I3 21 o] 5 wlgt o & sliding mode wheel slip
ABS controller & A A3} £33 I o
o719 4% AFE 98k CarSimo| ks AH g &
ZEL & 2183+ simulation AT AxE Hr}
=g

rl

»

<
El

j=4 E‘ﬂ tﬂ Xﬂ

7, %$) Jé 293 904 R0
& T3 Qe Thore Eol Uia 4
4 240 Fastth 4 LES) g AT

power

throttle, & train
brake p v
Pr brake 7 wheel

& system » model

¥x, Wy,

system model
F X
— M Fr ,‘l' 2
steering tire

I p g * Fx, Fy Fe, As,
driver vehicle A ?
dynamics %
motion feedback
. * Yo ¥ road
1 visual foedback road | _ curvature
condition

Fx, By, Fz=x,y,z forces from tire or on tire
M: = aligning moment

&= throttle angle

& &=front steering and road wheel angles
¢ v, 7 =body roll, pitch and yaw angle

Te, Th=engine and brake torque

As, f=slip and slip angle

v, = velocity in x and y direction

= wheel rotation speed

Fig. 1 Overall vehicle system dynamics model
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Fig. 2 Fifteen degrees of freedom vehicle model
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Fig. 3 Strategy of the driver model
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