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Integrated Vehicle Chassis Control Based on Fast Terminal Sliding Mode
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Abstract: This paper presents an integrated vehicle chassis robust controller with fewer calibration parameters
and faster dynamic response for the integrated control problems of active front wheel steering subsystem and direct
yaw moment control subsystem, based on the fast terminal sliding mode control theory. Firstly, a vehicle dynamic
model with lateral and yaw degrees of freedom is established based on D “Alembert principle, and it is used as an inte—
grated vehicle chassis control model. Then, an active front wheel steering control law and a direct yaw moment control
law are designed based on the fast terminal sliding mode control theory, respectively. A smooth switching rule is es—
tablished based on smooth switching factor defined by the phase plane of the vehicle sideslip angle and its derivative
to realize the smooth switching control between the active front wheel steering subsystem and the direct yaw moment
control subsystem. Meanwhile, the smooth switching rule can confine the main working areas of the active front wheel

steering subsystem and the direct yaw moment control subsystem to the linear and non—linear areas of the tires, re—
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spectively. Finally, the feasibility and effectiveness of the proposed integrated vehicle chassis robust controller are

verified based on vehicle dynamics simulation software. The results show that the proposed controller can take into ac—

count both vehicle handling stability and ride comfort.

Key words: vehicle engineering;integrated chassis control ; active front wheel steering; direct yaw moment con—

trol ; fast terminal sliding mode control ; smooth switching control

Mg A Zh SRR AR, FRe b 3K
FOLE TEWNINRET RMRZ 78 1) Z R,
F ) HTFEF 7] (Active Front Steering, AFS) T R 4Ll
BHIEME Sl (Direct Yaw moment Control,
DYC) T RG2H GBI Bl IE 2L 52 IR A0 1) £ g
FERIR O PATIN, TRABIFIE 38 B8 s il 1n]
RN T4 5 H 3 3R A R At e YRR
B L

F R AT T RGN EAEREE S R T R
83 iE I SN AR e AU 4RGN g
efd i H S IR A R E R e, I ARG
1) 3 AN 1] 3 BA R B A S VAR B R P, A
MififF AFS T REEM DYC T REAEVMF TAER 2
P i A E M E AR B R X X — [l 1R 2
R LG B T T AFS T RS
DYC T R GE R HE LA il a . SCHRILPH 4305 SR
P RESR, ST T RS SRS A i AR,
VT TR BRI 8%, S T AFS T REEM
DYC 7RG Ry HhRFE S, SCR[215 Tt — A h i
R SR T AFS T R4M DYC T R%
) L I A R g, R FHAR IGO0 D R 22 1 33503
HEMHI Lt — Al BR85S iR 423
T3 R 1 i 22 X B A i M BB Y S . SRR [3 PR
5 SEEE IR LN = A B 12 A E
FEHE AL, JEF G L-L./H. IR AT S kT
T AFS T REM DYC T RGUAH iz il 4. SCHik[4]
W AFS TR G DYC T F G810 5 Ji 45 i 0] - it
BRI E IR BCR , IR A K
YA I E Bt T IR B3 BE 2. SCHR[5 )2 T4&
PEIF BB IR A S TR AR S s il A, Jf:
S 2t I ) D 2 FVSORY) 22 A i 7 vk
BT AFS TR DYC T & G HY Z A R4 R )
sy, FIRPTIEMCRE AL E — A H R4 )
TSR SLRA EE AFS T REEM DYC T REH
BN A 15 3 A R U R An A AR R s L
AR, HETERER RS TO0T 2 B HOR

P PRSFIE.

R THEE AFS FRGM DYC FREAEIREMWN
FRATH T00 T AR s il R e , BRI ORI 1P 2
2B R ARG B 6 T Ik R e AFS T R SR
DYC F Z 58 By 52 mfas il [ f8E. SCHRT6]R FH w5542 1l
TEESEEL T AFS TR GM DYC T R4 R4 .
SCHR[ 7153 55T 75 A 1 BEER A S ) A -+ A il
FEIR G 8 J1 AR R ST 5T T AFS F R SR DYC
T RGO FU A 4 i, 05 LT LA AR
R I B RV By, T iRIT 1Y AFS F RGER
DYC T~ 72 G IO 70 T I 4 ok 42 il 25 1 P ek 4y, 5L
TR, SCHR[S K AFS F RS DYC + &
S 4 B ) (] A A RS Il ST I B R 3 5 R 1)
KA, AR 3] T XA S o)) HLA R i
PR AFS FRG M DYC F RGN RS il 4% SCik
[9] T A AEE T AR E MR R IR T AFS TR
SR DYC T RGN ARL S il i 45, - HAE
LRI ASE A SN, P RET R
SR SEE. SCER10]DASR SR A R i da e vk
Sl BAw, SRS TR SRS IE R
JIH, Il O A k) SO IE R )
FEREAL N AFS T2SiH DYC TR G REEHIFES. ¢
BRI I B AR 25 A ik e it T AFS T R4
MR E A6 F RE LRI RS, I HE s
FLIIE T T v A JE s il 4 vl LA R0 B VR R
F Bl PRI IR S e . SCER(12) 56 T3l
WS TR T AFS FREUM DYC F REIM4E
BFERIRS, IR RS SRR LA ME R AR
AT, IWIHEER T REME A TP i hil
RERSEMR. L RBISE R BT HfR UL T AFS TR S8
I DYC TR G AE PR TAERS S0 A i AR 2
FHEAFEE, AR IR T3 T00 T AR srbE
B, R RAEA AR E SHE TR A R R,

YT, AR SCHE TPk L T A ) B 1B
— PP AR ESE | S R e
B AFS R4 M DYC T RAERE NS4, H5E,



5 2 1]

TR - He TR 28 I AR A P4 R AR A 3

BT B DR I ST A B B R RN )32 3 B
H B (7RG 3l ) 2E R A i 4 s S R, O
IR T A TR 5 2 i U R R
RN SRR A RS , BT PRk 2 it Vi A4 il
2N owa il i e e S N IE IR L EE o TINER P2 e E oAb ]
Pl I EE PR AR O O F AT SR
Ve DA R T ST F2 SIS 1 4 A B R )
FEPER AR EI BRI, S AFS T RS TARLE
BIRZMEX IR, DYC F &40 2 T/EE R IR
X, PLESFHYI AFS T 25 DYC 7 250 4
J& . BT 12 D B T R Y AFS TR
B DYC + Z G0 52 s il 5 10 AT AT PR A RvE
AT B SR IE.

1 H=iEs

1.1 =R

I . ERR BT S) ) EBAE VR A IR R AR
Pl e I LR AN 1 BR 8 IE 4
MU AR BT 2R Oxyz FEILE T 4B BAAR 2R Buyz , 3
TR DUR S T A AR B k)RR A s
) A i EERIR G 3 ) 2 AR,
Foy F, F.

o
{ [
AC

I

A4

F,

;3 S

A1 AFREERIEFEA

Fig.1 Integrated vehicle chassis control model
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Fig.2 Linear two degree of freedom vehicle model
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Fig.3 System overall architecture
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Fig.5 Simulation results of sine maneuver
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