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A Simulation Study on the Dynamics of an Antiskid Brake Systems

for Automotive Vehicles
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Abstract

This paper considers modelling and control of

ABS(Anti-skid Brake System) which avoids

dangerous wheel locking due to excessive brake

pressure during the vehicle braking.

The brake pressure is controlled by on and
off’s of solenoid valves via the variation of the
wheel circumferential deceleration measured using
tacho—-sensors. The dynamic model between the

brake pressure eand the wheel acceleration of a

vehicle is mathematically derived.

The computer simulation shows that the

threshold value of the on—off control is critical

{0 the performance of the ABS.
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Vb 3 volume of brake cylinder

# ; brake oil bulk medulus

XL ; brake pad®] displacemcnt

*ho 3 initial brake cylinder displacement



& el F

5. ¥ Ao

e %
dabA .
$HE 2=

S8t

EF oziztaly Wt
AFAL PR Azl i3t ABsSE
dHe wistHejof wheh

=Y wAALY AHAH
sefe] A, g
SRR I el

HE

RS

=4
ks
2oz 3
o ¥ of
Hiatol uja] o=
FEEET) gsiM e 2o =
R doAE qHY
7ve] 9 § s}uf.

A
s

(2] gexol=

71 €714

Yeloclty

of &

N

el

28
/

Al

1y

Brake
prassure

—

Time

Fig. 5 ABS control cycle

50 1pepLt 9t
ey whek wpe ¥2 MEE

ABS O] Aof &3
HaEel2 244

gl &2 fig.

wheel slipo] #@Ajst»] Hrut ©$ ®E 453
FastA "o, w3 ¥R sb& 57k 3 threshold
2 YolM¥ valve-lgd BT valve-2E ol
o)z d¥E FaAUr. ol Ao} uhet
arlel 3 g Ee EekvbA "Hed, o el a,
R gohAW o4 kYol  Faste AL
2472, EEV Y& Frksted  a; ¥t

gobxA =W, == 23 4 HastA
AME  Hox  Wuato Zeo2 ¥
zrhAAM Y 2 ASYE 2& 4+ dA o

318

Feol Fobgel whak wAY €2 4z th
Gojxx g3 e YYoF wid #F s
whet mejol =) G kA, AeArE FHE
5 gol shAd
6. ABSS] A g o] X

gold 4¥Y AL wriuze zde vz
4 ABSTH gt dwH Ao AsE PFHE
Al g o] 43t o] brake locking ¥4& FHshgct.
G2 f A Erololo] HastE 2uYY wel FgU
33 FATY WA, e: W4 003 R,
brake cylinder?] 14 xbw A A dntxx o

24 s oitt.
12 3% g3 B2

Jel 3,

4oz zaystyrt.

By = Ha—c¢ x slip (20)
¢ ; Iriction coeff. const.
lj_p =1 - I’Iﬂ
v
Ageel Mo A8 77 e] parameter= Ub-g 3}
et
W/g = 250 kg
v, = 36 km/h
pe= 0.4
Cj =01
rl,= 03 m
Iy = 0.72 kg m?
p = 0.93x10° kg/m?
B = 1.66x10* bar
Ay = 159x107% m?
Ve = 50 ml
U= 0.3
Ty — 013 m
o] mo master cylinder® %8 WA g - o9 b
v U¥eE HYE  gtebM  #Asty] mEo

SER&EEE vt} e B Y2z 2o,
-t/T
p= (1= e™") (Ps)mar
= 0.3 see
(ps)m = 25 bar
ABS7} g =
vhEFLE 9l ch.
el H3

(21)

ol Agdeld dBE fig. 6 of
3 A 5t7)

oz

w3 2]
=7}

LA B Al e

%) 5 o

EER



2ol 4y 4%

22ekA wojHub., o] u
AtefolAtel wb e A €3 5T E

(6), (12)3 58 vhagat o] =4 4 gt

slipo] gi+

Ty ) s
; — lax .
(&) o = ez ™ (22)
w w
=—0.408 ¢
4y Aol dxelEo 8  threshold {2 o

Anv 9o o HAw

Bop eb.

E
— 3
[V RS Y
=g O
= O m©
-2g ] | I
30
T
3 20

Brake

press.
—_
Q

0 | 1 |
0 1 2 3 Time 4
Fig. 6 Simulation results of vehicle braking
(No ABS)

AgeolHols M=ol dynamicst AWHoE
Yok Foois cha Yol YA

My 50 g M.y 50 g

Det 50 N/ses m Do 50 N/sec m
ks | 10 N/mm ke | 10 N/mm
Koo | 2 2XI0FNIWYA | ke | 326107 N/ A7
T | 007 sce T | Q.01 sec
Ca 0.6 Cay 0.2

Wet 0.5 mm Wy 0.3 mm
(Xema 1.0 mm (%) el 0.6 mm

8 0.2 mm 8y 0.2 mm

xet 1.0 mm ¥ 1.6 mm
(?,)mm 0.5 A (i)mae | 04 A

Sgas vaive spring initial deflecion

Table 1 Parameter values of valve 1,2
FesolE WEE W7 rE o SYSE
AEYOZ AFEo %A uf ¥ wEY oo,
fig. 3 o e dERe e kol
Yolx) & 27el ol o
Aefola A EYolHE Y ghYeo] iy whT

Wt drk. oje ¥

532 FastAsA, ¥l AxEA "oz

AEy Ak =A AT TejrE valve-29

2rto]  valve-l Xruk g Hox5EF HAs ok
2ot
wabdlel AgeEeld Ha, e HAxEkA

Aaste e gAY el dHE Welmes

AT ME Mre TRy MR WrE Adstt

e Aespgich. o] 7 aEzr deax
ol <y g AdPE ow, Y BFYL fig
7 3 Jruf.
30
T pulse input{40Hz duty=0.1)
B oo N\
g
E 10 |- .
——
~.
[
0
30
E 20 step input o
2 e
5 pulse input /7
g 0 /--—--/
o / (40Hz, duty=0.4)
0 T‘“' I I |
0.00 0.02 0.04 0.08 0.08 g.10
Timelt), sec

Fig. 7 Pressure gradients of valve unit for ABS

olg{ %t A A2¥E
TARE o, =e A

value® Wal Al Jbua A Faol Makgrt. wWrta

of gotel  ABSE

ﬂL?-

T el EF 28 threshold
threshold ol th3t A gefol ¥ g fig. 8
of A sgict. @Y, 7ol A48 ABSY

Aeg w3 HWrpste

N|E2zA,  Aerie s
Fol €¥s] HAY uof 742 wheel slips] A Zhof

EHIER X1

wlo

He W2 HHstdck

J =f§é(51ip)dt (index of slip)

th, WY
=/yo(1= g)dt (23)

AE7els gotaa® A AZA AT YL
o123, wheel slip o A|Zo} o HEye
slipel wAxlel=E, I el & 4% oF

% 45 UedA " Jeu ool % %2



A etE of of
T

table Zoff vpepuf otr).

K

threshold

4z ogwd 4 dezz
o1 2 7t
atel wag

kg ABS

CER X

Stopping | Index of
alfg |a2/g {a3/q |ad/gdistance | slip
{m)

No ABS 16.2 1.8
-0.51-0.4 0.5 0.1]17.3 0.001%
-0.6{-0.5 ] 6.6 10.1]17.0 0.0053
-0.61-0.7 ] 0.6 §0.3]17.0 0.00%3
-0.7 (-0.6 1] 0.7 1 0.1{15.2 0.0300
-0.7 6| 1.0y 0.0t 1s.3 0.0113
-0.81-0.7 [ 0.8 0.1F15.1 0.0567
-0.81-0.7 [ 0.3 0.4]15.1 0.003
-0.91-0.8 { 0.9 } 0.1[15.1 0.0%44
;10091 1010171501 0.132
LS 13 {151 0.5715.2 0.363
-2.0}-1.8120})1.0]15.4 0.655

Table 2 Performances of ABS with different
threshold values

Table 204 al threshold”} ~0.6 g o] 3t Yujol&
ggol ¥ we gEel mged
Fasez,
ol of

Aolx e TAE

veeo]l 28]

A %Y o) slip index: o} o}

full 9] of v+ 73.o.8 uh

ABS 7} lockingo|

el :, alzt

Al sl #) 51

£ 4 gk o=mE,

el 2ol

aze] %o slip
3ol
uf 2

o % ol

SR

©

2 ¥ % o

A e R al o]

1
i

index 2}
a4 threshold 2] -2
ot

a3 threshold 2]

-0.8 g 4o g 29,
njefehrks A e
% o al,

RS S

o] TR o A

HE

2 4%

CEETIEE
Zhol aBsel A5 of
ol tf.
ol Y Helt HEE

Table 2 ofA] % alo] -0.7 g, a37} 1.0 g 4]

L ERE T

7. A

ol X EEAME AFZY AT
Gg Ao
A8tk oy ww@stodrk., 23, £¥3¥ F4Eg
ol &% af FeolE  Fshol  ABSY
gb7)el fzvaxE Yo shk il

threshold

o] st

WL 3} ABSe ol =

# %8,
= 0} 7] 2]

4

valueZ WAV 2

zofn mol
d gt
threshold value® ¢ 3fo| ABS®o] 4 & o] ofw

stex 2YY & dgich

ERA

Jlﬂ

2HFLEH,

o

o

threshold valued 41 %% % a3, o

3 g

320

R

[,

¢
rE

[1] J. Y. Wong,

"Theory of ground vehicles,"

John Wiley & Sons, 1978

[2] Heinz Leiber and Armin Czincze,
"Antiskid system for passenger cars
with a digital electronic control unit,"”

1980
[3] Herbert E. Merritt,

SAE Trans.,

"Hydraulic control systems,"

John Wiley & Sons, 1967

a,=-0.69
&

2,=~0.5q

5" 0.6u 247 2.1¢

i | { I
]
—— N
1. | 1
P oar I
@
<y 10
=% 4 1 ! I
0 1 2
(a) Timalt)
Vvehicle
—-— Ywheel

i
|
i
|
|
—
|
)

FevbbeheRi
Time 4
1
i
-
i
ol 'VV Wi ""V\""y
MMmM it !
a1=n‘.ag 2 1.9 i
a,= 1.5¢  a,=0.%g
3 a 4 ? !
L ! L J
0 4

8 Simulation results of vehicle braking
with ABS

Fig.



