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Abstract: Objective Aiming at the problems of insufficient lateral stability and poor control robustness of the four-wheel
steering vehicle with the steer-by-wire system, an active steering feedback control strategy was proposed. Methods The
dynamic model of steering actuator of steer-by-wire system was built in Simulink, and the vehicle model of steer-by-wire
system was established by co-simulation of MATLAB/Simulink and Carsim. Based on the two-degree-of-freedom model,
the influence of yaw rate and sideslip angle on vehicle stability was analyzed, and the ideal yaw rate and sideslip angle
were derived. The desired front wheel angle was obtained by designing the ideal transmission ratio based on the constant
yaw rate gain, and the fuzzy controller was designed with the yaw rate error as the control variable to obtain the real-time
correction of the additional front wheel angle to the desired angle, so as to realize the active steering of the front wheel.

Aiming at the error between the ideal values and the actual yaw rate and sideslip angle, the stability control target was
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obtained by weighting. The adaptive integral sliding mode feedback control strategy was designed to output the rear wheel
angle to track the ideal value and realize the active steering of the rear wheel. Results The simulation results show that
the established steer-by-wire system can accurately reflect the dynamic characteristics of the vehicle. Compared with the
uncontrolled mechanical front-wheel steering vehicle and four-wheel vehicle with yaw-rate-feedback steering control, the
steer-by-wire active four-wheel steering vehicle controls the sideslip angle to fluctuate around O under the double lane
change condition and controls the yaw rate tracking error to be within 1. 149deg/s. Under the angle step condition, the
steady-state value of the sideslip angle is controlled at 0. 065 deg, and the steady-state error of the yaw rate is 0. 074 deg/s.
Conclusion The active four-wheel steer-by-wire control strategy has remarkable control effects and good robustness under

double lane change and angle step conditions, which effectively improves the handling stability and active safety of the

vehicle.

Keywords: active four-wheel steer-by-wire; fuzzy control; integral sliding mode; handling stability

1 5 &

IRGES SRR/ RaE i N E ) KA Y R A <
Tk R i R G E N RS EEREREZ —,
S E SR oy PURE T ) RN A AR T LA
SR B 1), Hrb DU A 5 ) 43 Ol 32 B0 S 1 R
UGG, 4N R R R SR e, H
Jr e e A A SR, AR P ok A B IR R
T el o 1 B 1) R (H A 2 TR A o e
2% EBNVUES TS 6] fg 0% S0 B TS F Bl (8 H AT
BRI 2% BTROR A 4585 11 R 55 (Steer
-By—-Wire, SBW ) % HH A8 32 5 DU 2 ) 45 21 )32 i FH
WA TTRE L da 5 ) A 2 7 1 2 T A AN e AR
SEM T AR S, T AR TR E s, DIk
ARG 0 = B DU 5 1) R A AR L /N S
RG22 R, R R T myR 4 1) £ 8
T AR R AR R A R DU ) (R A

SAHBOUN %2 74445 PID s il B JE Rty _E 5] A4l
LM EE BT PSO-PID #H #%, vl /b IR B 4 3R |
PR T VR A R 0 5 X PRI R OR R 2 RN AR T
ARG L, B TE T T R A R R ) T A R R
i, SEE T B AR, [ LA AT R BT 4 2% A R
P {E 2R R 80 OO0 i 73 %o 2R 48 BB IR YANG 250
il R A s e T T T 3 sh G ) Pl 28 3 F A A 38
O RSB s i i v R 8 P T AR BE T, O R 1 7 3R
LIS R G A — SR R T 00 B H £ 1 S BB
BB AR E R ), 3 B X o — SRR 1 A
35 (14 B A T R 9 5 M i 2 ) BT T 25 5 IR R 4
1A RO D000 £ O ASERSE P 45 2 B o0 Bl 0, 45
4 B-method FEIR AN I A5 R THALE , X80 R LR &

PERRCR 2L T okl (R RV HIRE 22, %
AR PEXE LA PRIIE

ZE Al R T A e A AR E M A
W ERia T Se ik i B i BEIE X RiTR e 4 fh
BEATPE (BT A 42 i 2 B 5 — (A5 S8 5O i £
iR AR R ) PR R 22 RICR RS R, A
SCFEIT 5 LA 422 £ AL 0 T o 0 O 73 X6 24 406 ) 52 0
X HEAT LR G P, G5 AR 1) BB, B —
LA DR ) 94 sh B 1) A2 E PR R SR . o
FTHE SR FHBRAEAS Bl S BRI A 1) R, 16 2 R R
B, R B BB 1 R T A5 S RO 1 DT A B
Wk AR N BE 7, S B T S 18 5 I 48 L2 B B3 22 e > 457
6] SR 2 TR 3 A A 0 0 i ) X A4S AR
TEVERIRENE 3z FT 3 I AR T A6 78 45 R 47 ol il 1 e
UWEE ey R

2 kb R AR

SRP i 10 RGO T 7 Il 8 S5 5 1 A 22 (BT A AU ZE
Fz AR IR R AR T ) B f ST SRR B BB
ECU , b AR 4 il S T3 th Al I A2 e e /7 1
SR A THILA Kk e 14 4 IR Bl I L LA H D AR, 28
TR A SR MILAL S B 1] 5 (] A 2 R AR B T B A%
4 ECU,ECU 115 Hi A id ) I A48, ) 4 A% 38 31
)48k, (25 g B ARAT BRI

LRI 1) 3R G A G 1 A R S o g AN
IPATHAE (B 1), HERR B BRLS T R G0 Al 4
PSR AR E BB A SCR W K5 0] B AH DG I 5T, HAE
T MATLAB/Simulink #5 #2845 %% 7] 2 G0 5% 17 $047 8
BT B PIAT R T A G 1 m LA R R 5 1
i



52 ERIHAFFR(AARFER)

R 1R ®

e
et »

%mmJ:

i LY =

WS >

WA A%

(el

B1 Zix¥nRgEE

Fig. 1 Principle of the steer-by-wire system
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Fig. 8 Angle step condition
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