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Abstract Compared with the traditional hydraulic brake system or the pneumatic braking system
the electromechanical brake is being paid increasing attention due to its simple structure short
response time and high braking efficiency. Therefore based on the as-designed electromechanical
brake device a variable structure controller with sliding mode for anti-lock braking system ABS
was proposed. A vehicle model which was built in the Carsim and control system was designed in
Simulink. Then a co-simulation was conducted between the Carsim and the Simulink. By
comparing with the braking performance of the traditional hydraulic brake using the logic
threshold method with the electromechanical brake it was verified that variable structure control
with sliding mode method for anti-lock braking system is effective in vehicle equipping with the
electromechanical brake system and advanced in braking performance.
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Fig. 1 The quarter vehicle model
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Table 1 The main parameters of simulation used
ECU m,/kg 1111
m,/kg 30
J/ kg m’ 0. 87
g/ m s’ 9.8
R/m 0.304
v/ km h7! 65
ABS v,/ km h™' 10
s= —Ksgns —K,s . 9
ss= -Klsl -K,s K K,
55 <0 T v
I T, e eV
i‘ &8, =
EMB##! BEER B S
0.2 9 3 EMB ABS
Aq T ) Fig. 3 Simulation model of vehicle ABS based on EMB
S=A—-Ag=A 10
4 4a EMB
X=1 1-A v-eR 11 4b
v
1 4a
V= —gu 12 4b 4a
6 2 4b 18%
w=bu—b,I +b,. 13

4b



Fig. 5 The slip ratios of four wheels

EMB b —

a —

7 EMB ABS 997
EMB
0.2 EMB
80
60
K
£ 4
|
20 1
EMB ABS
80 2 CarSim
he Simulink
60 EMB
? ABS
= 40
i
b
20 1 Sabanovic A. Variable structure systems with sliding modes in
motion control—a survey J IEEE Transactions on
0 0.5 1.0 s .0 Industrial Informatics 2011 7 2 212 -223.
tls 2 Delprat S Ferreira L A. High order sliding mode control for
4 hybrid vehicle stability J . International Journal of Systems
Fig. 4 The speeds curves of vehicle and wheels Science 2014 45 5 1202 — 1212.
a— EMB b — 3  Utkin VI Chang H C. Sliding mode control on electro-
mechanical systems J Mathematical ~ Problems in
5a 5b
Engineering 2002 8 4/5 451 -473.
1.0 —— I (a) 4 HsuCF Kuo T C. Adaptive exponential-reaching sliding-
0.8 JEPIt mode control for antilock braking systems J . Nonlinear
) Dynamics 2014 77 3 993 -1010.
%0.6- 5 Ganji B Kouzani A Z Khoo S Y et al. Adaptive cruise
o control of a HEV using sliding mode control J . Expert
@EOA- Systems with Applications 2014 41 2 607 —615.
6  Kawabe T Nakazawa M Notsu I et al. A sliding mode
controller for wheel slip ratio control system J . Vehicle
)\ ) ) ) System Dynamics 1997 27 5/6 393 —408.
1.0 7 Olson BJ Shaw S W Stepan G. Nonlinear dynamics of
——FIF (b) vehicle traction J . Vehicle System Dynamics 2003 40 6
—— Jam
0.8} 377 -399.
8 201410664221.
9 P .2015 -03 -04.
Zhou Shu-wen Chen Qing-ming. A kind of electrome
chanical braking device 201410664221. 9 P . 2015 -
03 -04.
9

J. 2007 38 8 30 -33.

Shen Chen Wang Jun Lin Yi. Study on brake actuator of
electromechanical braking system J . Transactions of the
Chinese Society for Agricultural Machinery 2007 38 8
30 -33.



