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Abstract : When the electric vehicle is steering, the driving wheel will bear more disturbing load under the combined actions of complex
road conditions and vehicle conditions, and the proportion uncertainty of the sliding motion of the driving wheel increases, which will
affect the driving stability and safety. Therefore, the active disturbance rejection control ( ADRC) based electronic differential control
(EDC) strategy is designed, and the Chaos Particle Swarm Optimization ( CPSO) algorithm is used to design the controller parameters.
A seven degree of freedom complete automobile model is constructed, and the electronic differential controller based on CPSO-ADRC is
designed taking slip rate as the control quantity and driving wheel motor torque as the output, so that the slip rate is always kept at the
target value in the steering process. The proposed EDC system is compared with the EDC systems equipped with fuzzy PID controller and
sliding mode controller and analyzed, and the EDC experiments under different road conditions were carried out on Simulink/CarSim
platform and real vehicles. The results show that the electronic differential control strategy based on CPSO-ADRC has strong anti-
interference ability, its speediness is increased by 20% and 14.4% , respectively compared with the other two strategies, the amplitude
of yaw rate is reduced by about 50% , the speediness and robustness of EDC are enhanced, and the driving safety in electric vehicle
steering process is more effectively guaranteed.

Keywords :slip rate; active disturbance rejection control; electronic differential control; chaos particle swarm optimization algorithm

Simulink/Carsim

WS H 1.2020-11-16  Received Date: 2020-11-16
w FEATH I B RBRE IS (E2019202481) KT A2 (18 YFZBFX00030) 37 H ¥ Bl



178 U #H £ ¥ W

F42 8k

0 35

i

B REIR L SR A BRI 42 T S R34 e H
A7t PR AR E P AN A e B 4 T S ST 0 B N
" T IR HL TR AR A L T 2R AR AL
GERAUIR2E g, RIRRIE R 42 1) S s oY 2%l 3 42
W5 )y AT BAERE PG i SRR T AR
AL A2 FARME, S IR 0 1) 2 e 2R R4
i, 2 S PR g A H T 22 3 45 1 (electronic
differential control , EDC ) ¥ #5 1 A8 & 43 0 %% o 452 ) Fi &%
FERE, Hoh R4 BT AL BT B SR 3 B DL R )
FE T R G AR A2 L B A 22 AR 1) 32 Bl B Ao
], SRS T4 WK 3l 4 SR AT PID HT i Hh i
P, AN AN 5 N-m I3 N-m B9 5283080, 15 B
SRR B ATEE R HITHE ., SCik[6] LU
A A T 14 Ml 22 M Ml 22 A R A B 5 AM A
M R AT RO T 1 e 22 AR RS RS
BRE (BAR IBAFAETC I T BR R 22 O IR, SCHR [ 7 ) 1%
T T 2t — OB SR A0 B 45 il 5 (sliding mode control
SMC ) FIT~ oy 722 4 ] b A AR o A% R i ] (5 9K )
FE AR T B R A E N ) 48R3 1 0.5 s,

FL BIVR TR A5 ] Y SR Sl e (0 2 S AN IR 25 5
A AT I I I G , DR O o 42 1) A ) 4 %8 1 3 7% 387
B R DM A 5 A0 B, B s IR A B A AR e M, B
BT H 2 A T SR M AE 43 BT H bR B R Y R Al L
KA H $t#E #2 1il (active disturbance rejection control ,
ADRC) 45 & 1% 1 ¥ 16 o 3F 19 Rz 7 B 5 7 ( chaos
particle swarm optimization, CPSO ) ff WHEHZH, &I T
CPSO-ADRC HLT-22 MU I M . CPSO & S fHEBLLLAK
A ARG AR, S SO o ) B R ARG R Y
BRI 45 G IR TR R i L5k, e &
0 AT SE PR AR i ADRC 2 — o AL s il 1
AR, BEXS RGLIB AT I WSO 1 52 2 e 3l S Al B 0T A
FTARLPER G, A RAFn4 il it BT, 4 i i H 42 1l
SR PID AR R 250 3 I ) Fh 7 2 4 ol
R AEMAY [ 52 % B BT AT 0 BN LA A, 5 2R 3R
B BT IS A 1 2 A2 ) SR e (S A5 R 4 7 1) AT R4
P E R SRPIILRE ) SR T E M

1 MIKAEINERRFEIIGE

pSEaA TGRS A IR G U R iR S Bu
FEPRINEE PR % 2, B e Ik 3h AT 4e 4% 1) Jm 42
PRI L B4 ST X 4, BETT EDC SRmg, #5-E A
Pl RE A A0 (AR A2 gl g 2 D LD R

BRI TR AL ) |
1.1 BEHNFER

B2 JPRBL A E) ) T BT A K SR 3 A%
LREEHNMN 6 1 HEEAZ T BIRIAR T (BUE 2 102
gy MRz sl K itz 2, 5 B ) F- 8% N 1] F- B A
BB 4 DRI T A A B2 A 1
B

1
.

L .
v
T

LE A of e yrrin out 23 HIFOR /2T, AT, 205 A5, N A6, LTl
HhE B0 B, L~ SRR B0 0 B R, 8- TR £
a-ZE R A L F L F -9\ BTy, 8- FR S,

K1 "G Hm2 mEk

Fig. 1 Schematic diagram of automobile steering force
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Table 1 Empirical coefficients of different pavements
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