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Abstract : To improve the lateral stability and steerability of an SUV, two integrated dynamics control systems(IDCSs) were
developed: IDCSs and FSFB. IDCS integrates an active front steer(AFS) and an active rear steer(ARS), whereas an FSFB
combines an AFS and a direct yaw moment control(DYC) with the fuzzy control method. To design two control systems, a
16-degree-of-freedom vehicle model that includes a suspension model was used. IDCS and FSFB were tested with two
steering inputs and two road conditions. The result shows that IDCSs and FSFB reduce the yaw rate error and the body slip
angle simultaneously in every driving condition. Because the IDCSs do not control the brake system, deceleration is smaller,
which increases the yaw rate. The yaw rate error of the IDCSs is increased when the steering angle is increased compared to
that of the FSFB. However, the IDCSs reduce the body slip angle when the velocity is similar.

Key words : Integrated dynamics control with steer systems(IDCS, Z8AA]E 0|-835t 5351254 °]), Front steer front
brake(FSFB, A& 2 2 A& Al5-= 083 55A10)), Active 4WS(‘5-5 4523, Lateral stability(FHF QFFAJ),
Vehicle steerability(R[5F Z34)

Nomenclature R : radius of rear pinion, m
. 2 R : wheel radius, m
Ay : area of master cylinder, m” " ’
B, :roll axis torsional damping, Nm/radian/s Tnotorrs Torors : motor torque of AFS/ARS, Nm
. 9
. . T, : rolling resistance torque, Nm

Cs, ¢, - suspension/tire damping constant, N s/m rolt g que,
F. F, - tire longitudinal/lateral force, N Vi, Vy : vehicle longitudinal/lateral velocity, m/s

x4y . s

. . . 050,06, : steer angle of front wheel/pinion/rear
hy : distance from centre of gravity to roll axis, m o : steer angle of front wheel/pinion/rea
L wheel, radian
1, : mass moment inertia of the wheel, kg m’ ’
S . . : yaw/roll/pitch angle, radian
L, 1,, I. : vehicle inertia moment about roll/pitch/yaw axis, " e ¥ p gle,
kg m2 7, A : positive constants
. . . . w, : rotational f wheel, radi
Kon : roll axis torsional stiffness, Nm/radian z otational speed of wheel, radian/s
ks, k, :suspension/tire spring stiffness, N/m M=
. 1
Myoral, My, My vehicle total mass/sprung mass/umass, kg =
. o .
P, : brake fluid pressure, N/m’ ARA] A 2B AlE, 28, A7 ARl o A v
. > 5 o 3=

Ry : distance from centre of wheel to brake path, m AFEAEe] Q8 e A A o® AA s Al =F o
“Corresponding author, E-mail: jhsong@tu.ac.kr
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Fig. 3 Sixteen freedom of degree vehicle model
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Fig. 4 Hierarchical structure of IDCS and FSFB systems

NB NM NS ZE PS PM PB

—

o
n

o

I 08 -06 04 02 0 02z 04 06 08 1

degree of membership

inputs (e, and ep)

NVB NB NM NS ZE PS PM PB PVB

=]

1 08 06 04 02 0 02z 04 06 08 1
output (&)

NM NS ZE PS PM PB PVB

degree of membership
(=]

NVB NB

Lo

02 01 0 01 02 03 04 05
outputs (& or P; )

degree of membership

(=]

o &

&

ol

z

o

L3

Fig. 5 Input and output membership function of IDCS and
FSFB

894 BAASABeAE =2 A2A H1IE, 2024

&1 Ao 7]} 5k9] Alo]7] €] o] T AR o] FoiXit)
IDCSE] &9l Ale}7]= suvel & £7F 531 9 &=
(Yaw rate)S &3l XA w1121 % ZH(Body slip angle)
LS HLSA7)7] flete] AE 236 T8
F2Y(6,)& FAOl AA 7T FSFBE A& i%wﬁwr Gl
& 29 vk mIeR gk, B S ARk
(Fig. 4).
9] Alo]71 ] Alo] -2 vh5-}

e,= reference yaw rate- yaw rate

T

e; = reference body slip angle- body slip angle

9] Ae]7]= Mamdani &5 ©]-8-3ko] 749 o
8 £ oapel e v 11elq] ZF e xke] A At
[-1,1], [-1,1]0]1 32 22} 771 €] A4H2t Wi 4] s & ARg-at
of AAEF IDCS Alo] == HA Ja2
[-0.5,0.5]% A A ok‘ﬁv} FSFB =9 2] A 3
[-0.5,0.5] oIt} o] £ Z}7} o7 9] Az i s E
T3 = ATHFig. 5).

3.2 AFS2} ARS AA|

IDCS®] skel Ae|71E TSk AFSQJr ARS+=
PID(Proportional-Integral-Differential) 'HS  ©]-&3}o
AABFATE 9] Alof7]oll A Al HE HE =3
= AFS7} TSk 5% 95 2342 ARS7F A d
A=

AFSE AAIE7] flete] WA e = 6, - suet o3t
t}. 6, AF9] Ao} 7)ol ASE = B AE 2a7)o]

o e 2 EaE vha ) 2k

k)=T, e (k=1)+(K, + K, +K,)e;, (k)

—(K, +2K,)e;, (k=1)+Ke;, (k-2)

T;nomrF (

(20)

3.3 DYC AA|

FSFB2] &}9] #|o}7]+= AFS2} DYCE 74 €t} DYC
= 9% vk o} 0 B vk o] Als s dElske] &
E A7 Aloj7]olth SUVZE 3] e o
{ Q—E Q2Ke,)7FoR T F 735 A E 2 uk

HE Aojsh @ £ QA7) or T 2o

HW:}F— uk] o A5 4e-S Ao gt

*M Aoizlell A Ak Hx s g

ABS(Anti-lock Brake System)< ©]-8-3to] #l5¢telo =z



Development of Integrated Dynamics Control Systems of SUV with Active 4WS, and Integration of AFS and DYC

T& gttt ABSE Sliding Mode Control(SMC) WHH-& ©]

Sskel AAIsEIEE A (6)°ll vreRd nh7] BLElof A
a.)i 1 (PWIAMR + FxtRw + T;nlll )
1, @1)

=—(Ku+r7,+7,)

o714 ol HA}i=1 =20 M2 A E 5 e §-
58 S23ICL B 4, = AR/ Ty T = Fuied Loty T = Trostil Ini
olm Ao & ;= Py, ot} T v 11 ghe T
3} 7t}

Ay ==t 22)
Zefold TRl S the ) o] AejH )
S=[ L[ adr=1+a[ 4d

=\ [ Adr =2, + 4, 4,dr 23)

047]/‘:' /11' = /qui - /151' O]Eq )\(],j"ff /g—‘ﬁq X}]017]Oﬂ/\1 Zﬂ
te Age] 51 v g gelth Sefeld 321 S5

pud

v ek 4 @)t 28 sk

~

Ll

S=4+a4 =-A,+ (4, - 4;)

si

= R“{—(Kiui +T,+T, )V, -

. | . viA
Uu=- (Tx + Tr)vx +a)xivx - IZ (ﬂ’di _ﬂ’si) (25)

Ul s .
ui = Pbl = _E (Txl +Tr1)vx + a)xiv - 3 (ﬂ'dl _ﬂw ):|
t,)+7, +n
Xi ri S t S 27
X (5) @7)
4. 4 3}

W= IDCS ¥ FSFBE A3y 23 A= 3} J-turn &
F A olgate] £d R AL opABE ol 20

S~

1 4% W7k AAsgl

4.1 S20jMo| Ms mt
AL T4 e Ae s 7 v
A

= F ol ABS 53 28 ok A7t FEE] A
2 2bFoleh 17 Alo] &5 AdEjol whd 4= Qlok
3k Efo]o] 9} - o] upzte] A7) wliol] SUVZF 3A
& ) Q3 ko] S7Ae] o mehis thE wEko = v}
obz 1= glth

Fig. 67} Fig. 7= =4 A 21 Zo] - AX= A}
z3 J=o] 7hald ) BE-5 Aol A<l IDCS Ei=
FSFB7} &2t Apeg o} A-2b e %] ed-2 xp=fo] 5248 %5

O

S S = Eag mi =
S mlagk Aotk 7] £ 15 misol ] A}l 4
S olgl o C3 = o
g Als e glvk gk A E 7Pkl o o) 5
[ Xe=ke _/_“_E_‘J__—:_ Kol =} o3
el o) gk A, 712, FET) FAISHATh
34 —steering angle 3
% ,|---asfIDCS =
£2].. .srincs S
S 1]-c AN FSFB 52
3z @
hd o
5 5
2 0
0 2 4 6 8 10 0 2 4 6 8 10
time(s) time(s)
(a) (b)
10 & 41 —IDCS
@ O | --.FSFB
g 5 £ 2{ .. -noCTRL
2 1
Z 0 20
o @
o T =3
2 91— IDCS —o-1DCS ref. o2
> |---FSFB —FSFBref. g
-101. . .no CTRL o4
0 2 4 6 8 10 0 2 4 6 8 10
time(s) time(s)
(©) (d)
15.0 @ 2 —IDCS
T - -FSFB
> T 1 - -no CTRL
MU S
z T
5 1o §
£ | —incs S
- -FSFB g
151, . .naCTRL -2

time(s) time(s)
(e) (U]

Fig. 6 Vehicle responses on sinusoidal steering input on
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