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Simulation of Vehicle Steering Control through Differential Braking

*

Jérdme Chalansonnet”, Yeo-Heung Yun™", Bong-Choon Jang™" and Seong-Cheol Lee™™”

ABSTRACT

This paper examines the usefulness of a Brake Steer System (BSS), which uses differential brake forces for steering
intervention in the context of Intelligent Transportation Systems (ITS). In order to help the car to turn, a yaw moment
can be achieved by altering the left/right and front/rear brake distribution. This resulting yaw moment on the vehicle
affects lateral position thereby providing a limited steering function. The steering function achieved through BSS can
then be used to control lateral position in an unintended road departure system. A 8-DOF nonlinear vehicle model
including STI tire model will be validated using the equations of motion of the vehicle. Then a controller will be
developed. This controller, which will be a PID controller tuned by Ziegler-Nichols, will be designed to explore BSS
feasibility by modifying the brake distribution through the control of the yaw rate of the vehicle.

Key Words : ITS (X153 2} A]AH), Vehicle dynamics (R} 52 38}), Steer Intervention (£ =A),
Differential braking (X}'5- #]%), Non-linear vehicle model (8] 38 =8 =)

7|5AMY Cs, C,, Cy Front, real, and desired tire cornering
stiffness

A A4y Longitudinal and lateral acceleration . . .

. e Height of the pivot for an equivalent torque
a, Tire contact patch length arm
a b Lengths from mass center to front and rear .

) divel e(t) Error signal for control

axles, respective ) .
P y F. Normalized composite force

B, B;, B, Calspan peak lateral friction coefficients

F,, F,, F, Forces in the x-, y-, z-direction
C, Cy, Cy, Cy Shaping  coefficients for  force By y

. . Fyrr, Fxrry, Fxre, Fxrg Every wheel’s forces in the x-
saturation function

direction ; front/rear, ;
CS, FZ  Calspan coefficients for longitudinal force (rr L

right/left)

St,lffness . . . Fygg, Fypa, Fypi, FyRR Each wheel’s forces in the y-
C, Tire cornering stiffness coefficient
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direction ¥ Camber stiffness coefficient
F, Tire design load at operation pressure 1  Steer angle of wheel
g Gravitational acceleration Ssw Input steer angle
G, G Aligning moment shaping parameters £F, ER Front and rear roll axle steer
h Center of gravity height 1) Longitudinal friction
Ly Moment of inertia about the x-axis Ho Tire/road coefficient
Lo Sprung mass roll inertia about vehicle roll axis c Composite slip
I, Vehicle yaw moment of inertia o Roll angle of the body
Iy Wheel rotational inertia " Yaw angle
K, Coefficient of decay of lateral friction
K., K Longitudinal and lateral stiffness coefficient 1. MB

K, K,  Front and rear roll stiffness

K, Calspan coefficient for aligning torque
K, Proportional gain for PID control
Kscr, Kscr Front and rear steering compliance
K, Steering ratio

K, Roll stiffness

K, Coefficient of the decay in the friction

Mzrr, Magr, Mg, Mzgg  Every wheel’s moment in the

z-direction

m Mass of the body

my Sprung mass

rrg Yaw rate and desired yaw rate about z axis
Fr Wheel radius

SN, Pavement skid number

SNR Skid number ratio

s Longitudinal slip

T Vehicle track

T, T, Integral and derivative gain for PID control

T, Tire contact patch width
T, Tire inflation pressure

Unnertiat, Vineriat Longitudinal and lateral velocity at
inertial coordinate

u Vehicle longitudinal velocity

up, u;, Uy Proportional, derivative, integral part of
controller

Vars Vir, Ver, Vir Each wheel’s center velocity

v Vehicle lateral velocity

Vg Desired vehicle lateral velocity

; Angular velocity

WRF, WLF, WRg, g Angular velocity of each tire
oy Acceleration about the x-axis
QgF, Oy, OtrR, CLR Each wheel’s slip angle

B Roll damping
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(c) Yaw motion:
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Braking Braking

left turn {rd>r_ ¢ rear left brake
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rd<r front right brake
delta Gversteer
o
: > rd>r rear right brake
right turn understeer
1d<r & front left brake
GVersteer

Fig. 5 Integrated control strategy for both left and right
turns
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