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The Handling Characteristics of The Independent Rear Wheel Steering Vehicle
Using the Reference Model Following Control

B F ol A I, ol d R, g e
Woojong Bong  Sangho Lee Unkoo Lee Changsoo Han

ABSTRACT

In this paper, the reference model following control(RMFC) scheme through the optimal
control theory is investigated for the independent rear wheel steering(IRWS) vehicle. RMFC
vehicle follows the dynamic performance of a virtual vehicle as a reference model designed in
the controller. Linear vehicle model of two degrees-of-freedom is used to derive control scheme,
which is applied to full vehicle for evaluating handling performances. And, 4WS vehicle
through RMFC is compared to the conventional 2WS vehicle and 4WS vehicle in the J-turn
test. The RMFC logic is also extended to IRWS vehicle. IRWS with RMFC shows not only the
excellent handling performance, but also some advantages in terms of the directional stability
and responsiveness from the simulation results.

Z 9 7]480]: Reference Model Following Control(RMFC, 7|1&Ed FZFAo]), Optimal
Control(37 Ao]), Virtual Vehicle Model(7M} 2}ek%d) Independent Rear
Wheel Steering(IRWS, =3 F&3%%), Handling Characteristics(Z7% ¢HEA)

Nomenclature tet, Front, rear track width
K;K, Front, rear cornering stiffness

M Vehicle mass asa, Front, rear tire slip angle
1% Vehicle velocity 07,0 Fror.xt, rear steer angle
3 Side slip angle 60* Arbitrary positive angle
y Yaw velocity 8, Controlled rear steer angle
Y;Y, Equivalent front, rear tire lateral force V.V, Longitudinal, lateral vehicle velocity
1, Yaw moment of inertia of vehicle Fy Tire longitudinal force
l;l,  Distance from C.G. to front, rear axle F, Tire lateral force

R Tire rolling resistance
I Roll moment of inertia

* e, BYUEE AR AFTGH e

x

> 3, dAE A ? Roll angle
g, Sy AT Ko, K, Front, rear roll stiffness
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Cys, C,o Front, rear roll damping

g Gravitational acceleration

m Sprung mass

e Distance from C.G. to roll center
I, Moment of inertia of a wheel

Y Effective wheel radius

w Wheel angular velocity

AW Lateral load transfer

1.4 &

2& F3 Ao M3 QAL E PYAIIEE
EHog AFHI Ue FFE EfAY ALHL
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Fig. 1 Full vehicle model of 8 D.OF.
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Fig. 2 Relationship between load transfer T33, o] RS EYAOE Yo =] L3
and cornering force o
............................. < tage/slageQS,age3

Necessary cornering forces are assigned
—| at each tire and load transfer occurs P>
from inner to outer wheel.

Side force is imposed on
the body by turning.

Large load transfer makes
tire slip angles increase.

1demlca] for 2WS,
4WS, IRWS cases.

Rear sway 'follows to generate mmm»|  Unstable vehicle behavior may happen.
requested slip angles.

Steer magnitude in both wheels is similar

m Slip angles are made by steer in m
- WS rear wheels.(no rear sway) cach other, but inner one is not appropriate.

Slip angles are made by steer in m Independent control of both wheels
rear outer wheel.(no rear sway)”’ : enables toe angle to be optimized.

IRWS

Fig. 3 Vehicle behavior of 2WS, 4WS and IRWS during turning
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Vehicle Mass : m

Vehicle Inertia : 1

Fig. 4 Simplified linear vehicle model
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Fig. 5 RMFC flow
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Fig. 6 Steady state gain of side slip angle
Fig. 6 £ A4¥EY A% £57} ojd 4A3 gt
of o|EES o A ¥ w1z zte] A '}}
B o]5o] A=27} %% % g o I8EE
A REe O £ ol gHA 28 *g?
Bl B AFME o) Hel sy 2
AR AFgo] FFHEF shed 2

[A=g

X

ox

g N nlo
ok
oX

rr nl]o
=
o

2
2
¥ ofr

F(IRWS) Hlof

d-& 71E o EroojoA #

H 23 Igoloh apge] 43
50 2 3}5ol5(Lateral load transfer)

o] A =Hol A3 JHESF Elolojrt ¢ &

35S WA €S o F U ", AES &

S
N
n
™
]
Hu
P
0o

ol

o=
@
rir oo
N
o Bl flo
ik
& by

=
2
ot

2 oog

o

ojoj7t AgEFe W & IS "AA HER
TS 23 e AoZL 7R 4WSY A
o 213 23 $7 AokMY B =2y
T 71ERYd FFTAAE 5¥ FEIF AF
H g3tz gtk WA, IRWS A2 Ao 7
W Fig. 8o 74&3] Yehiigih, 71840 s o
& 27HA 9 AR AYEol A F Utk A

7
LAY A3 A 9} 7o) Mzubsro] 3 wral
4, Fg9 JEY AE 23
E}. ol U, gjFol T

tire nomal force
T

485 i - o ,!u”\“::.,, -
46}
44

42+

L —— .

34+

3.2

3 . A H i " s N .
0 05 1 1.5 2 25 3 35 4 4.5 5
time

Fig. 7 Steering input and Tire vertical force
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Fig. 9 Control strategy to steer rear wheels in IRWS
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Fig, 10 Step steering test comparison
(side slip angle{deg.) & yaw rate(deg./sec))
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Fig. 11 Step steering test comparison
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Fig. 12 Disturbance response test for
side slip angle(deg.)
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