Lateral Vehicle Dynamics

y- lateral

x- longitudinal
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Kinematic Model of Lateral Vehicle Motion: Bicycle Model

Y A Instantaneous rolling centre

e
AR cEEsTT
A
[\ T
j .
R Circular radius . _g.___ CS‘
- . i Steering angle
. ~ 1:‘
‘ %l“j . i\ @' .....
\ ﬁ [ . P
\ G e ‘. R T -""i'- A
.\ PR S e R e e J,W
ﬂ\ AT C Vehicle orientation
o Centre'of gravity ‘{’/ " (yaw angle)
B :
Wheelbase

Kinematics of lateral vehicle motion

Major assumption : velocities at A and B are in the direction of wheels orientation, i.e. the

wheel's slip angles are 0.
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Bicycle Model

2 front wheels are represented by a single wheel at A ‘A o 5
2 rear wheels are represented by a single wheel at B I
Steering angles pe ] ]

279 _
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5r 2 .Pal_‘..-----x'a, w1 3 i“
Assumed both front and rear wheels can be steered. - .
For only front steering case, o, =0 -
C - Centre Of graVity Kinematics of lateral vehicle motion

L=1,+I[ : Wheelbase of the vehicle

¥ : Orientation of the vehicle - heading angle of vehicle

V :velocity of c.g.

[ :Slip angle of the vehicle (angle between the motion direction and vehicle orientation)
R : Circular radius

O : Instantaneous rolling centre



Bicycle Model

Course angle of the vehicle

y=w+p

Triangle OCA
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Kinematics of lateral vehicle motion

Ly

or tano, cosﬂ—sinﬂ:E

sin f—tan o, cosﬂ:%
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Bicycle Model
Slip angle S
From
: [, , [,
tanéfcos,b’—smﬂzﬁ [, tand, cos f—1 sin f = R
: [ . L,
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(Zf tand, +1/, tanéf)cosﬂ—(lf +lf)sin,8=0

S i
[, tand, +/, tand, e e
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L[ I, tano, +1 tan g,
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1.e. the slip angle 1s represented by 2 s
steering angles and wheelbases. ﬂ N =T
B 4,
X

Kinematics of lateral vehicle motion



Kinematic Model of Lateral Vehicle

[, +1,
(tanéf —tanér)cosﬂ == 7

Angular velocity

W=

= | <

Therefore

V(tan o, —tano, )cos B
[, +1,

W=

X =Vcos(y + B)
Y =Vsin(y + B)
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Kinematic Model of Lateral Vehicle: consider vehicle width

Limitation of the bicycle model:
0, and J, in fact are different.

o

-

Ackerman turning geometry
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Kinematic Model of Lateral Vehicle

In the bicycle model

V(tan 0,—tano, )cos p
[, +1,

Y=

If the slip angle B is small, 6, =0

_ Vo ;o Vo I
[+l L
on the other hand

V

l//ZE

Therfore

v

: consider vehicle width

R A U O



R A U O

Kinematic Model of Lateral Vehicle: consider vehicle width

Trapezoidal tie rod arrangement to realize s, >,

Trapezoidal
geometry

Left turn

Right turn

Differential steer from a trapezoidal tie-rod arrangement
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Dynamics of Bicycle Model

i &

Lane
centerline
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Dynamics of Bicycle Model

x —vehiclelongitudiml axis
y -vehiclelateralposition,measuredalongthe vehicle

lateralaxis to the point O whichis the centreof rotation

X —7Y global coordinates

W - yaw angle

V., —vehiclelongitudinal velocity
Using Newton's Law

ma, =F +F,

a, =i+ R=j+V
m(y+V,y)=F, +F,
Ly=I1F,6—LF

r—yr

Experimental shows the lateral tyre force is proportional to the slip angle
(when slip angle is small).
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Dynamics of Bicycle Model

Experimental shows the lateral tyre force is proportional to the slip angle (when slip
angle is small).

Slip angle of tyre :

a,=0-0,

where o front tyre steering angle
Rear tyre a, =-0,

Forces
£y :2Caf(5_‘9vf) F, :2Car(_ gvf)

where C ., C  are cornering stiffness

V,+Ly
V.o

Vy - ll"lﬂ.
V M

X

tan Hv ;= Steering angle

Velocity angle

tan gvr — Slip angle af

tire o .
longitudinal axis of the

vehicle
v
y < \ Tire slip-angle




Dynamics of Bicycle Model

When 6,6, are small
Ly
vf Vx
6 y B lrl//

vr V

X

m(y+Vy)=F, +F,
Ly =1F,-LF

r—yr

e
F =2Caf(5—y f’//j

/A
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2¢,8 2C,\i+ly) 2c, (7 -1Ly)

Py =

m mV . mV .
l/} :Zf(zcafés_ 2Caf(y+lfl/])j+ lr 2Car(.)>_lrg”.)
1. V. I, V.

i.e.

. 2Caf5 _ 2(Caf +Car) : (V " 2<Caflf -C,l )] :

A my mv v

X X

120,56 2c,l-c,l). 2c,’+C,l).
YT A



Introduce state space variable,

( A

y
y
7

V)

The lateral equations of motion become

o 1 0 0
o, 2(c, +c,) 0 v - 2(c,1,-C,1,)
i< Y_ mV . mV .
dt |y 0 0 0 1
il o 2(c,1,-C,1) . 2(c, 2 +C,1?)
i v v




