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Abstract: When the four-wheel-drive electric vehicle steers at high speed, the nonlinear characteristics of tyre will make
the vehicle to appear some instable problems such as overswing, sideslip, oversteering and understeering. In order to tackle
these instable problems, a steering stable hierarchical control strategy for four-wheel-drive electric vehicles is proposed.
The outer-layer map-based sliding mode control scheme is to produce additional yaw moments to stabilize the vehicle; the
inner-layer torque model predictive control scheme is to implement the torque distribution of four tires. Simulation results
show that the proposed control strategy can effectively ensure the stable steering of the vehicle.
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Fig. 1 Seven degree-of-freedom vehicle model



Fo

TR VORI ST SR B AN AL AR e 1 721

3 VUERRIRB) EE VR T e e 1]
31 BAkEHITR

TR P R AT R, AR 4 I R A DA B T
(152 A4 B o 2% A0S 2 ST 28 0 e P, 3k T 52
ZERR L M RE. 245 1 T DUE IR B A A I e AR g
G

Ak
g | 7 | phe ez | Lot Tor | 25017
7 ke - RE
p Kel | Ker
b Kl | Ker

B2 DURIRBh Azl R 5t

Fig. 2 Four-wheel-drive vehicle control system
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Fig. 3 Tyre lateral force-slip angle curve

T B E R O RS MAPEIE R, KRG Ay
P R 7RG RS R 1 3k md@ ek X (13)75 21
HEIIFE M.
34 ET BN RAEERA G

VUFEHH ST 3K B FELBNTR 2R B4 ) H I AR [l B R
Fr R AP AR e . b R AR e 45 )
SR (B*, v ) MERER T BAF B0 2 I i 42
AR M, AR EAREEEEH R W L. A T2
i) SR R F S TR BB i F AR A s i 2% . TR 3)
B3 7 v ] DU SRAR BR A R 25 A, I8 0 B EA 2
PEXT RS2, dE AR RF i fidas . it & B4 Ficd
ARSI IR S, AR AR AR 1A AT B RE 68 FRER
b B ) A K H B EE B INARE JRE M, SEELEE
AR S AT .

BB ZE R T it o o ) 20 B 5 ZE 3 T o m i
FHEE. IRPEECHR MIRRE, B TEFe N M #2130

Ky = 7@0,@}% — vx, i =1, fr, rl, rr. (14)

REEWESREm PR N FEi L. R

MR WS 1 RN
1

MRMIE 2 /N

Zmz}x = F,, (15a)
Jyixi = Tei — FiRe. (15b)

LR NONE 2 SOV EVS)
fo = Wy Revx — wxiRe/l.)x. (16)

2
Uk

4 LSRN ZK(16) 15



56 T A DUSARST BRE FAA 2 R b 723
2 e = B
fi = (= Re _4m+1)in+ R, T.. (17) U(k)%}a%ufg%irﬁu,nwr1;k);%kﬂ¢2ﬂ%ﬂ;iﬂ
JxiUx muvy JxiUx (21)?)@% Eﬁmo .

FERR NI ) 5 2 o i 2 AO N I 7 A% 2R R
TR IR TE ) B A e A8, KA IR M m a fa e o B

Fy = Ciks, (18)

S C SR TIIE, MR, SEHA TR i
AR T AL
R? ki +1 R,
a JXiUx —4 mu, )Cki’{'i + mTQi.
(19)

EFARIEE R IR R E R R A IS RS 2N R 4t
KEx = [ka ke ka k)T ADERIRB) T IH N R
G = [Ton Tore Ton Tere| ™, BT I17= A 42
IR E N R Gy = M.

2
1
{;&:(— Re 21y guy By,

i = (

Jxivx muy Jxivs — (20)
y = Cuz,
X
Cy = diag{Cyq, Citr, Crat; Crarr }
ARGt AR
d

C= 5[—01{11 Cvtr — Cat Clae]-

FRQORESTERE B N = g(-, ) B, HEHL
ARSI REAR A
z(k+1)=g(x(k),uk)) T, + z(k),
y(k) = C - (k).
K T3RTR DR () [A)F, k3R~ KA %,
T PRUEREAR RS E (1) (R 38 S0 2240 R 58 G T R
SRIAT GRS e P Rl R, X AC IR R S 2R M 4R
—Kmax < K < FKmax; (22)
N Rnax NFEHEDN IR T 72 2822 430 [l 1 FHE.
e 9 il B 35, e FE T 38p = my. TEERS
Z, Akl R a0

21

minimize Jupe(2(k), U(k), mo), — (23a)
R RGN 12 mA QD R, PURIHSEZ R
_Te max < Tei(k + ]|k) < Te maxs (23b)

—Rmax g K/i(k +.7 + l‘k) g Kmax;
Hrp:j=0,1,- ,mg — 1, Toma A HEHLER K5
R,

Jmpc(l‘(k:))U(k)ﬂmO) =

11 (Y (k + 1k) — M(k + )| + | LU (F)|1%,
Forp I AN 2 T8 IO RE, 45 7€ 9

I'y =diag{Iy1,ly2, -, Lym}, Iy € Rmoxmo,

Fu - diag{Fu,bFu,Z) e 7Fu,m0}> Fu € Rmoxmo’

A 1] 8L (23) AL 3RS0 A 22 B IR 42 0 % ML
(BRI, 11 HLYE RAIE 24 AR M Ol T, BRI MT &g
IB/INRE R L.

TCTERET ZICA0 W 23 I MU * (k), 25 H D48
UXEN BNV R S e e i A R B

RALE S DU IRE) H ANV A e 45

1) WIEAk: k= 0, e Tl Sk 5 42 e 3.

2) while k < Tina(Thna N RS EISTA]).

3) MR RGURESSL, v; Kay Ky Kl K

4) RYFEAES AR, R R i h 8T
SRR IR ) M (K + 1).

5) T JZE VR By B A I R AR A A o SR AR A Ak )
B(23), FAFAATIRU ™ (k).

6) Ku(k)=[10 --- 0)U*(k)IEHT &%

N k+—k+1

8) end while
4 iE%IE

N T SRR U %G I A FL AR AR 1) A 42 1) SRS 1)
2 HRCR, B FIMATLAB/Simulink i 47 3l 25 17 £ 52
55, SR ) ZE R S O i 25 2 8000 il an 3R LR 2

R0,

k1 FmEARLK
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