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Longitudinal-lateral coordinated stability control of distributed

electric vehicles under variable speed limit conditions

ZHAO Shifeng, WANG Wenjie, SHU Ran, LI Li, SHU Hongyu
(College of Mechanical and Vehicle Engineering, Chongqing University, Chongqing 400044, P. R. China)

Abstract: To overcome the limitations of conventional constant-speed control methods in extreme mountainous
conditions, this paper proposes a variable-speed coordinated longitudinal-lateral control strategy based on the
coupling characteristics of vehicle dynamics. The strategy adopts a hierarchical control structure. The upper layer
develops a steady-state evaluation model to provide decision support for subsequent control layers. The middle
layer primarily utilizes a two-level model predictive control (MPC) framework to coordinate potential conflicts
among longitudinal four-wheel slip rates, lateral active front steering (AFS) and direct yaw control (DYC), and
outputs the total driving torque and yaw moment. The lower layer employs a weighted least squares method to
optimally distribute torque based on the vehicle’s operating state. A simulation model is constructed using

Simulink and CarSim to evaluate performance under various complex road conditions. Results demonstrate that
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the proposed strategy significantly improves the driving stability of distributed electric vehicles under variable-
speed extreme conditions.
Keywords: variable speed limit conditions; distributed drive; longitudinal-lateral coordinated control; hierarchical

control
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Fig. 1 The framework of overall control strategy
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Fig.2 Dynamics model of distributed drive electric vehicle
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Fig.3 Trigger conditions for slip ratio control
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Fig. 6 Design of slip ratio control structure
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Fig. 7 Lateral stability control structure
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Fig. 10 Comparison of high-speed sine with dwell simulation

10 () FTEN 10(d) BT 75 S 42 406 19 2 1) 4 3 0 000 o) 42 3 pth 2, DA b AT LU HY L 7E CarSim A A58 I 42 3
R 2L B A AE JEAN BB 4 5 A6 H A 2 SR BT, 110 DY C A1 Hp 8145 1 #60 58 20 15 26 90 km/h BFIE , FLRR 1) 22 3 52— o8 B
AR AL H AR A AN K &1 10 Ce) A g Jom s 85 6 L 235 5, 3 o o = ) in 3 132 460 i 6% BRI, {HLJ2: CarSim A
U A7 — 5 (4 D 5, T B R 4% ) 7 sCFN DY C Jy 2 2 BT R 9 D% (R i 4 i O UM B2 R 22 (N,
B BERICR S 4

FI10CE) 25 T 440 A AT B0 Bk , DY C Fi b o8 4 1 B9 B30 58 4 J G, (02 CarSim P B B84 77 x0T L8
0 £ 35 A 7, N S 200 m S Fe KR ] A 253K F 2.6 mo B 10Ch) 2 3 Fha ] O 2 o A R T UL K
K, 2R Pr 8 45 i 22 5T 58 A A AT Ae A T RS 2R, 0,.0, R CarSim [ 417 B 72 i 48 A4 B8 MW A2 5%, 1,01, FoR
DYC £ 6l A i 4 MAT B 5 i e e . il T7E @ B & B A7 Bl i, 3 Fp sl Oy KAERT 9.6 s EARFFTES B B
RZWAHZEAE9.6 s 7 DYC il 07 X U&AE T4, 4 ta .l T 4280 7E CarSim A58 vh— F{ A4b T4 34 5 il
HAE O, BT LA B B/ o TP VA T RE R T A AR AR R T 2 25 R R T, R AR ORI AT LA L B
SO SR AR 7, AL S AR 10 30 2 B s 4 ) %) 9 T 80 R T
43 HAMREEHEHESH

T T /N3 F 23 90 %k 2 3K Bl R A ) e g M EAT T 0 BT B R B 1 R B R SR M AT L X R G A
BT v e A ) R A o A T SR e ek R g AR v G TR A ) RN B B ) P e 2R IR
XA BAE G T 0 A0 I R ) e P AT £ A o E SO0 LA« TR AR B 0.35, 72 Bl D1 A B 4
TE — B s 18] P AE 0% I 1) 58 J8 5% i) O V14 2] 72~130 km/h B9 R BY B . J7 [ $E55 f (5 5 a8l 11 (a) , 15
ZERANE 11(b)~(h) .

FEE 11 (), JB/R T 7 [ 4556 M i A B I o 76 5 s IN T 1) 356 # 8 M B T 0056 ff1 , 78 5~10 s
WL B A E 0, WA A S s NI E A 72 km/h, S s 5 853 8 4 72~130 km/h A R B B o (]
11Cb) AR 11 Ce) 73 531 52 B 1 2 1) 4 S A0 [ o0 3o 88 1) 0 L8 SR 1 o A 2 0 4 WA 381 228 Bl 5% ) ARk 2 5 5 T
77 18] B A 05 T IR PRAT B8 e 1) o A, 76 P 90 42 ) 43 A R A0 1 11 Ce) B, JL-F- Al LU SE 2 BB 2 2%
B MEIE, i TR R AR 2 W R R A WA B OC A A5 HT 5+ MPC I B RSB OR B 3h . Bl

)



74 TR K F F IR %49 %

FE5 s Z 5 AT B 20 B e i il T AR AR B B B L WA R T S A, T R R ) AR B ) I
+MPC ¥ B A HIRL YIS 3 o A8 )7 Sz HAE 5 | 42 50 T 58 R 68 0% I AR 47 M 4% 1 7E 0.07 2245 IR ik
TLZE ZE 0 2 B AR 458 130 ken/h IF L B 45 S . B 11(b) AT LA Y, 76 CarSim [ 4 #5555 R 22 5 A fiE bt %5 30
BB R EAT NG T B DY C 45 i BB 0 11 B 2 U 04 4 R AT L (N 11 (o) AT RLE Y, DY C $E il
kA 1) o 33 B 0.29,g 2 A7 /N T B R 458 1 64 o o BE 0.34 g Ze A7, IR AR A 22, b 90 4 o 2k SR T A

40 135
30| 1251 — A
20 + — carsim#$ij
. 1oF ;I; 115+ —DYC
< 0 ;
%Ez _10h £ 10sf
=20 L
# a0l ﬁ 95
“‘E —40} E 85f
50} S sl
-60
-70 ! ! 1 ! 1 ! L 1 1 J 65 I 1 I 1 L I I I I J
1 2 3 4 o) 6 7 8 9 10 0 1 2 3 4 ) 6 7 8 9 10
B [B]¢/s 1] o/s
(a) FF &5 A (b)Y ZEE
045 300 -
040 — HhAEER YN
035 - —carsimﬁﬂil' 250 ﬁ%ﬁﬁq
030f —DYC 200
a0
=~ 025
g L
J{% 0.20 = 150
= 0151
E o10f Wor
&) 0.0(5) 8 sol-
-0.05 1 1 1 1 1 1 Il 1 L ] 1 1 ]
0 1 2 3 4 5 6 17 8 9 10 -15 -10 -5 0 5
fi} (8] ¢/s X/m
(c) HhmhnipE (d) Bk
0.15 5 0.020 ‘
—5%(E -- WA — 3% -- DA
- 0.10 - ---carsimfiiif --- DYC 0.015F ---carsimfi i} ---DYC
=
o
é 003 E oo10F
0 fr= &
fé! 005 & 0.005¢
B = 0
-0.10 e
# =
—0.15 -0.005 |
_0.20 1 1 1 1 1 1 1 1 1  § _0.010 1 1 1 1 1 1 1 1 1 ]
0 1 2 3 4 ) 6 7 8 9 10 0 1 2 3 4 h) 6 7 8 9 10
it [l e/s A Bl e/s
(e) HEBABE (f) Bl fm £
1.0 - 1.0
—Ky -K; 09 ~Kun Ky
0.8 —0p =0y 0s8f % On

- 1[1 - 1:’1

&%

o
o
T

BRI BE(-)
N
IS
T
rj~ ﬁ
JERBBE(-)
: =)

B2 by 0.2 \\
0 = 0.1 —
0 —
_0.2 1 1 1 1 1 1 1 1 1 i _0.1 1 1 1 1 1 1 1 1 1 ]
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
o} & /s I [&2/s
(g) AURIEHBR (h) ERBEBER

B thEAEREEEHEER

Fig. 11 Simulation results of coordination and comprehensive performance
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