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Estimation of wheel pressure applied to behavior of valve in hydraulic brake

system
Giseo Park? - Kyungseok Han? - Seibum Choi

Department of Mechanical Engineering, KAIST, 373-1 Guseong-dong, Yuseong-gu, Daejeon 305-701, Korea

Abstract : For chassis control of vehicle such as ABS, TCS and ESP, It is important to feedback exact braking torque
which is proportional to wheel pressure. However, using wheel pressure sensor requires extra cost and has difficulty in
installation. Therefore estimation of wheel pressure using observer algorithm which has compensation for error between
measurement and estimated data is proposed in this paper. Braking situation includes conventional brake and brake with
valve control. According to each braking situation, wheel pressure observer is operated actively with variable observer
gain. This brake based on hydraulic system is possible to execute ABS algorithm. Also, on-off control valves which are
economical and robust are used mainly. The simulation has been performed by using CARSIM which is well known as a
vehicle dynamic simulator. Then, the result of comparing estimated wheel pressure with actual wheel pressure has been
shown.
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Nomenclature Q.qr ¢ deceleration of car
P,, : wheel cylinder pressure Subscripts
Py : master cylinder pressure
V : fluid volume ABS : anti lock brake system
Q : flow rate ESP : electronic stability program
C, : coefficient of orifice
p : density of liquid 1L.ME

¥, : volume of wheel cylinder

Vema - cOmmand of valve A= AEape] F3 S obgA AL

P, - atmospheric pressure & tlksl 7|5Eo0] SAEle] EA|EE xjeko)

Ty, : motor drive torque SAE L 9l R os et Ho| 3 A
: motor angular velocit .

o ) 4 A7) AL BASE ABSSl Ao ANE Alo]

A, :area of valve orifice

5 - bulk modulus 3}o] under & over steeringS WA|EE= ESP S0

Ak, ol2fd off PHAAFIM = V|EHoR
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2. Hydraulic Brake Modeling
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2.2 Anti lock Brake System
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Fig.3 deceleration of x axis and wheel pressure
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3.2 simulation Zzf
Table 1 simulation conditions

p 850kg/m"3

Cy 0.65

B 1.7x 10°

v, 1.6956% 1075 m™3
Ao 3.959% 1077 m"™2
J 0.00252 g#m™2
r 0.005m
e 0.001m

0.2

B 0
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Fig. 7 ABS situation 1 and situation 2

o}

Z—le
0.

ol ABS7F FEshe Aol & oY s
galEokel. Fig 7] situation 12 mFAG7}
291 Azl T0km/he] AAEER el
2pEe] brake ¥Hg-& eI

Situation 2% split mu(¥4Z : 0.2,
A A el A 70km/hE EEE
brake g8 YERATE. Situation 2914+
7} full brakingS &+ master cylinder2]
Hoigk 15WPas frAIebaA FASkaL k.
S F4 u ABS Aoz Wit/

of AA| gzt Ao AASHA HERT

o =2

S ]

2 0.5)
2]
A}
4= 9
uf2}A
ety



SHAIWE situation 13 7] master cylinderol
full brakinge] AR &+= AEo|A+= motor 2t

punp F-Eol A vhe = supply 4 gkel Al
I FHAHA A 89 BE Tt 2w ¥
AFE B F k. dvkd oz ABS g3lA &
AR 2] AAE HHo=2 517] wiie B
doja #gds H= grolF/Al Frk. o] o
pumpoll A WASFE 22 master cylinder
X T} apply valve Wako g oji-FEo] &7}
7] Wil o ¥ apply ES wEo W@ 4
ATk, webx AA 2] ABS Sl A=
situation 29} o] WA= A97F diFEY

Aow o3},

4. 43 2

e gt AbsAatel x2FgE F Byl
3 A=ge 5349 Fxe 2ds 7R v
53] Adgel B 5 7F AE AlolE o]
T Y FdolZ RIS FRle] AAT] witel
71Ee Ao wiaE AdY el & ARy
487 dAstE AS adE AREslele A
37t i gox A ",

2 AFolME AR BAR observerE &%
24 A4S AX g GgetA 2 dEs 4
33 T At A oFHo=m

offt
X
RS
x
ofo
>
oy
(@)
lon
w
D
a1
<
D
=
il
s
I
32
v
9

odAts vzt 2 A RSAMIRE
o] 1T Lad=8 g APrde] d-4an=
8 5 ¢S (NIPA-2014-H0401-14-1001)

1)

2)

3)

4)

References

S.B.  Choi,
control of a permanent-magnet DC motor for
Anti-Lock brake Systems, IJAT, Vol.12,
No.2, pp.207-212, 2011

Antilock brake system with a continuous

Sensorless adaptive speed

wheel slip control to maximize the braking
IEEE
transaction on control systems technology,
Vol.16,No.5, 2008

K.H. Cho, S.B. Choi and C.K. Kim, Design
of an ABS control algorithm using wheel

performance and the ride quality,

dynamics, KSAE annual conference, pp.1756-
1761, 2010.

0" Dea, Anti-lock braking
performance and hydraulic brake pressure
estimation, SAE 2005-01-1061, 2005

Kevin



