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Abstract Recently, electric vehicles have been significantly improving vehicle control performance by
independently driving each wheel by an in-wheel motor. This is because the in-wheel motor has a faster
response and a wider range of control compared to an existing mechanical drivetrain. Vehicles usually
accompany changes in vehicle parameters, and an adaptive controller that adjusts control parameters
is effective to secure control robustness. In this study, reference model adaptive control (MRAC) was
applied for vehicle dynamics control (VDC) of an electric vehicle driven by in-wheel motors. To this end,
the desired vehicle response to a driver's steering input was defined as a reference model, and a
controller was designed using a Lyapunov function as an adaptation mechanism. In order to verify the
performance of the proposed controller, vehicle driving simulations for a J-turn, sine steering, and

double lane change were performed with changes of the friction coefficient between the tires and road.
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where 3 denotes body side slip angle,  denotes

yaw rate, F,;, F, denote cornering force from

front, rear tire, respectively, and A, denotes

active yaw moment.

Fig. 1. Two d.o.f. Vehicle Model
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where § denotes front steer angle, V, denotes
vehicle speed, C;, C, denote cornering stiffness
from front, rear tire, respectively, «;, a, denote

slip angles of front, rear tire, respectively.
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z= Az+ Bu+ E5 (5)
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Z

denote state variables, u= M

where z=1[8 r]* A

denotes control input, 0 denotes front steer

angle.

Table 1. Vehicle Parameters

Item Value Unit Description
m 1230 kg Vehicle mass
L 1255 kg-m? Vehicle yaw inertia
Cr 33234 N/rad | Cornering stiffness of front tire
C 33234 N/rad Cornering stiffness of rear tire
Lr 0.8 m Distance C.G-front_axle
L 1.0 m Distance C.G-rear axle
t 1.12 m Rear wheel read
Ry 0.31 m Effective tire radius
G 5 - Gear Ratio of In-wheel Motor
«“ 0.8 - Tire-Road Friction Coefficient
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where z,, = [3, 7, " denotes desired outputs,

T4 , T, are time constants, (,, , 7, are steady

state step responses of vehicle with p=1.0.
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where 7 denotes adaptation gain, P and @ are

positive definite matrices.
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effective tire radius, G

where R, denotes
denotes reduction gear ratio of in-wheel motor,

and t, denotes rear wheel tread.

4. AZ3[0]4 Zit
Aol AE Aorlel mse W] Al
J-Turn, Sine Steer &} o|FX A Ao digt X33

B 4E Sotch. o] W) winiEASo] Wate
TEi o) 2] WokS mokstuAl st

4.1 J-Turn
o] AlgHlo]A9] F&2 349 #slo| tigt Ao
AAEO] 28350 AFe] 2EUHAAS Tfetstaitst



SHEARSH7| &38R A A2238 Al10%, 2021

71 1.5 deg [tk Efolo}-iwl mpAISt
2700l AZE(n=028) oA YUY 22737} & 1}
A7) e wH(u=0.4)0% Wslele Ao 4
s, AEdlold ke Aswel, &Y a-
dolE, Y7MEES Fig. 39 (), (©), (Dol 22 vehl
9t E Aojxite] A9 SEQwHE M, 9} o]AS
HAE7) Qs et JERES EIE Fig 39 (o),
(Boll YERAQIT). Fig. 3(d)ZREE AojxleFo] wHA el

(a) Steer Input

o 05 1 15 z 25 3 35 a as 5
time (sec)
(c) Yawrate
10 = T T L = o
sl
@ 6
g
S al
2
o
0 05 L 15 z 25 3 35 a as 5
time (sec)
(e) Mz

o 0.5 1 15 2 25 3 3.5 4 45
time (sec)

S Gl A ¢ % ek E3 Fig. 3(0)°14 Aol
Aol Pagzio] F3e Wl QoA wstel el
o

2FWREN= BA a2 & & Aok

4.2 Sine Steer

o] AlEH o]l B2 A5Fe] AofjE 3lnj4dso o
g G5 Qg Ao2 AlEF ol 212 X< 60 KPH
2, 22 W (u=0.6)Z FYstHA T F719] F&

(b) Side Slip Angle

——ref
s Uincontrolled
———— controlled

deg

o 0s 1 15 Z 25 3 35 a a5 5
time (sec)

(d) Lateral Acceleration

05 1 15 x 275 3 35 a 45 5
time (sec)

(f) In-wheel Motor Torque

o 0.5 1 1.5 2 25 3 35 4 4.5 5
time (sec)

Fig. 3. Simulation Results of J-Turn at V=80 KPH , £=[0.8 : 0.4] [ Q=[1 0 ; 0 100], v= 3.0 X 10° 1
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Fig. 4. Simulation Results of Sine Steer at V=60 KPH , £#=0.6 [ Q=[1 0 ; 0 100], 7= 3.0 X 10° ]
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Fig. 5. Simulation Results of Double Lane Change at V=60 KPH, #=0.6 [ Q=[1 0 ; 0 100], v= 3.0 X 10 ]
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