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Coordinated anti-lock braking control of compound regenerative

braking system in electric-wheel vehicle

JIN Li-giang' ,SUN Zhi-xiang' ,ZHENG Ying’
(1. College of Automotive Engineering, Jilin University, Changchun 130022, China; 2. Huayu Automotive System
Co. s Lid. s Shanghai 200041, China)

Abstract: A coordinated control system is developed for the regenerative and hydraulic braking systems
in electric-wheel vehicle. The control system is based on real calculation of wheel slip ratio model to
improve the stability of the electric-wheel vehicle in emergency braking process. Antilock braking
control is realized by reducing the motor torque with setting a series of threshold values of slip ratio,
which are compared with instantaneous longitudinal slip ratio calculated according to wheel speed,
based on a redesign of hydraulic braking system. A 15 DOF vehicle model is established in AMESim
and Anti-lock Braking System (ABS) control model is established in Simulink. Simulation is carried
out at low, middle and high grade of adhesion coefficient of the road. Results show that the proposed
control strategy can prevent the wheel from locking as efficient recovery of braking energy, and ensure
the braking stability of the vehicle.
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Fig. 1 Structure diagram of hydraulic brake system
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Fig. 2 General structure of braking system

for electric-wheel vehicle
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Fig.3 15 degree of freedom vehicle model
3.2 RiakE

AR SC YR i 15 8 R Pacejka 2 H A9 “ B R
A7 AR RN
Y. = Dsin{Ctan '[ Bx — E(Bx —tan ' (Bx)) |}

(@)

b Y, AR T 32 BB 18] g A0 1) g = e
TE T30 s o AU G2 R G 1w 1 B R S i £ 5 BLC
D, E ABEAR A b 55 MR A R S5
3.3 miER

ARSCHEIR T 221> HL it R A 4 Tt A
B, R i HE B 7 X S B RS O BBk N 8T 4 B
Ao B neony 20 R — S5 SO LAY R R
PRBCRN S BEEL S vy ocv UL Cr 43 31 327 H it 1 9
BEL b S P T L i PR TR R IR LA, LV L 2 ok
LR 1 MR 2 BUHL

i C |U
i ocv T
ST _ 1 L -,
l 2 ....... ] ,,,,,,,,,,, np 11

B4 BiERENTEERMNENERKE
Fig. 4 Structure schematic diagram and equivalent

circuit diagram of battery model

SOC 7 H i 1 7 B R 2 G2 SN H L 3R A%

S W R AT
dsoC _ o, L

dt nomcap
A e nomeap HHEIMWHY S S, ] HE 4 PRY
HEIRS R,
Xof 7 F) Pl TR B T B A AT R A
DOD = 100 — SOC 3

2)



% 5

Hraik.F L HRAFRLES AL AL A E S © 1347 -

3.4 HHER
A3 FH 7k g TR 25 T8 el L LR A 4 AN FE 3R
SHHLHL L A B B AN B AU A AT LR R

T.—T.—rw=J,w 4
T. = Kut (5)

Td — Kml.d (6)

E,— K.w— Ri. = L,i. 7

K To To To 20 50 B AL 3 ) 5 L T 48 00 96
AMEAR S s r LB B o Ry 455
Ko Ko 230900 2 B g 2R 80 2 He, 3l 3 &R 8
i vig 3 EL LSS PR L R H AR HLU s B A H
Bl A B 5 Ry L, 43590 A H B A BEL A H Jk

3.5 BEHISRGEER

HR A & 1 BT 7 09 W s 1 3l 28 0 45 4 1] L gk A7
H AR TR (1 4 A, B B AL HE ) Bl F2 B AR | [n] B 4
Tl ] A TR R 6 TS 7 A TLAS FB 4

(1) il 3 3 G AR AY

X AL A F R B By ) A% g
[ % 47 i 1], HE PN R R 7 AT R R O
F., — F,

S
K. Fo ABIATE S s B, AEM B 75 S
Ry i FE AR T AR

(2) 1] - ) g 465 251

AR A N A i S U il
PWM {55 (9 i 25 L o 2 i i 1 0 1 J5 A2 8, A
[IECEE RS ot EN ) PAR 3 C N

(3) & i AL 24!

RO LY M 2 3 T A% 2k R W ) e 4 i
FESMERAE 4 b Se i Rl gl e
TS 8 = A 2 TP B | ok L JE R L Bk
1% FE TR )G s .

4 545 B 2R 58 B 46 A6 4
oW
4.1 YEABEBERITE

A SCHIESE Y HL B AR VR 4 — DU A Ik ST B Bl
A K 5 AR, Z BRI ) 5
SR @5 e A B RT R R

Pye = (8

de, .

I —d“; = M, — Fur., (9
dov .

ME— g F.; (10)

A TR s o 9 R ERE UL 5

Bs5 HzhdiRanFhER
Fig. 5 Single wheel force model in braking process
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Fig. 6 Antilock brake control logic diagram
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Fig. 7 Simulation result in low mue surface
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Fig. 8 Simulation result in middle mue surface
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Fig. 9 Simulation result in high mue surface
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