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Anti-lock braking system for heavy-duty truck with auxiliary braking system
Jiyeol Oh" + Seibum Choi™

"“DDepartment of Mechanical Engineering, KAIST, 291, Daehak-ro, Yuseong-gu, Daejeon 34141, Republic of Korea

Abstract : Heavy-duty trucks, used primarily for freight transportation, carry more weight and travel longer distances at
high speed compared to passenger cars. Given the seriousness of the accidents involving heavy-duty trucks, the
importance of strong and durable brakes in heavy-duty trucks should be stressed even more. While passenger cars
depend on the friction brakes for deceleration, the active use of auxiliary brakes is recommended in heavy-duty trucks to
prevent momentary and permanent degradation of the main brakes. However, the excessive or incorrect use of auxiliary
brakes on slippery roads can cause slip of the driving wheels, which leads to vehicle instability. The driving wheel slip
caused by auxiliary brakes can not be handled by conventional ABS(anti-lock braking system) equipped at the friction
brakes. To address such problem, this study proposes a novel control algorithm to prevent vehicle instability caused by
wheel slip resulting from the excessive use of auxiliary brakes, especially retarder here. The proposed algorithm is
evaluated through MATLAB and TruckSim simulation programs, and the results are discussed in detail.

Key words : Heavy-duty truck(tHEE®]), Auxiliary braking system(}X2.Z E.#|o]= A]~¥)), Retarder(2]E}T),
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Nomenclature g4 : gear ratio of differential box
L : distance between front axle to vehicle c.g. point, m
. . . . . . 2
£,y - driving wheel moment of inertia, kg-m L, : distance between rear axle to vehicle c.g. point, m

t : track width, m
7,4 - time constant of retarder

® : wheel rotational velocity, rad/s

T, : wheel torque applied by drive axle, N-m
T}.y4q - retarder braking torque, N-m Tpney - time constant of pneumatic friction brake
7, « effective radius of wheel, m

Subscripts
I, : tire longitudinal force, N
F,, : tire lateral force, N fl : 1* front axle
F, : tire vertical force, N 2 : 2™ front axle

.St
A : tire longitudinal slip ratio, - rl ¢ 17 rear axle

. And
«a : tire lateral slip angle, rad 12 : 2% rear axle
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Fig. 1 Wheel dynamics
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Table. 1 Vehicle specifications
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Fig. 5 Simulation results, retarder only (1)



2023 B=ASAISEE ChX - MBS - SYX(E EAEE

Fig. 55 ED& WA RABS7F AHE-¥ 73 -9-2F ALE-
T H s geprbo] %
= deigte 2 e g =
A = gl w ol
RS A5 oFtke] HAE A
= Bl T S FFol o] 24T e A

= Belo] it At g &7 =5 B ¥
W RABS7F = B e o] S o Qlal Ak

AU}

o) AW P ol ZA ABWE AL FAT
93 £AR} Aol o] F A2 E AH] A3
e B 2E oS Saehs 28 HE & ok,

tire long. slip ratio A
W|thoul RABS

x10% L1 <104

o
5}
N
=}
w
S
o
5
w
S

°
5
N
8
=)
5
8
8

o
5
8
8
o
S
8
g

L4 R4
[ 0
— 02
~.05 04
= , 06 —
“o 10 20 30 0 10 20 30
time [s] time [s]

Fig. 6 Simulation results, retarder only (2)
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Fig. 7 Simulation results, retarder only (3)
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Fig. 8 Simulation results, pneumatic and retarder (1)
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Fig. 9 Simulation results, pneumatic and retarder (2)
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Fig. 10 Simulation results, pneumatic and retarder (3)
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