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Hydraulic Control Characteristics of the ABS for an Automotive
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Abstract For the purpose of optimal control of anti-lock brake system, precise dynamic characteristics analysis
of the hydraulic modulator, especially solenoid valve is necessary. However, most of researches so far have
dealt with dynamic characteristic analysis of valve itself and the results have been restrictive to apply on the
actual ABS modulator, where hydraulic pressure is acting.

In this study, mathematical modeling and experimental analysis were executed in order to evaluate the valve
dynamic characteristics when the hydraulic pressure applied. High pressure on the master cylinder effects on the
valve dynamic characteristics have been analyzed quantitatively and performance improvement methods have
been suggested varying the design factor. Consequently, results of solenoid valve dynamic characteristics analysis
“derived in the study can be utilized criteria for the optimal control of anti-lock brake system.
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Experimental apparatus | Specification
LecCroy AP 015

1. Current Probe - Max. Current : 50A

- Bandwidth : 50MHz
2. PWM Circuit Fly Back Diode Circuit
3. Solenoid Valve Bosch, Version 5.3

Texas Instrument 3CP17-1
- Max. Pres : 3500Psig

- Output Load : 100K.Ohm
- Lineality : 0.25%

4. Pressure Sensor

5. Function Generator PIC Controller
6. Pneumatic Cylinder Festo KDN-125-60-PPV-A
7. DC Power Supply HP 6573A

ABS o] 283 Y On-Off $e|iz0]= B 0|
SHAEE Felsty] flste] PWM <17F b0, 100,
120Hz®} FE| H]& 50%F A-g3lo] Ful4 &4 S 3}
QAshect. E7h WA A7 FTH4(100Hz) ZAoNA Rl
Hj&0] o)2AE 4317 Ystel FEl (10~ 90%)S
3 5. 97 &¥wolm YR 72 Fhastech. vhaE ARl ot o wWst Wy 5
EAell 7zl G vlw W78k stod ME A <)
554 7lo] Hg3t PWM Fu}4> 100Hz, 50% FE] B
22 Hg3)9ld.

W S £F BRAE T g,

mw miv + C;v ZI}“ +k (xivfo +xi1r) (31)
:IPilvfma _IjivAiv = x
-f' 5. 8141 Znt o D3
2) 28 51 W EEA

A8 AREe TR 49 WS AT 59

U7 W] Eak SHAS BRIs}y] skl W]
Qe JH wslo] ojste] 2R, =

2 g3k FGE 10, 100, 120H28 H48tE FE] ulg

13



4btrled =g A A8 Az, 2007

S 5% AAHEE o, 3¢ dHo A Fddns
a3 6, 7, 83} 7t} U7k F3k4 100Hz 03} glgo =
PWM Tgo] diste A7 Hido] A3 =9l
o}, @, 7k Fukde 120Hzo| A A= W E o Q17
+ PWM mtgo| diste] 7HeR1e) Rf7) £33 &5
| ¢+ Utk ol &koj= WHAA EYHE= HA}
Yol a7|7t dr oo YRt 2x F(32.5N)ofl H]
3lo] AjA o R AAU 7HeAlet DA Aloe] ZE A
A& o) FaFo] 7)¢lsict.

L] 0.02 0.
Tim e(sec)

0.02 0.03 0.
Time [sec]

100Hz, F¥ vl& 50% ¢ 3L

———axX iment
} [ e

Current(A)
°
®

.01

0.02 0.
Tim e(sec)

33 8. Fu4= 120Hz, FE vl 50% & F¢

Y WH} 3402 wheEr = Q= $H FIe
100Hzol) T3t Fel v]&E $EAE 19, 9, 100 el
th e JMExyL deled e EE 9 AlZHRising
Time)-& 4.4mSec(F-E}:55%), WB7} @él=d 495
4 Al7H(Falling Time}2 2.5mSec(FE]:25%)o]ct. 7H5=}
WOt FRE =Y 298 A7 9 AR= 7MA 3
Ao}l 4.4mSec (F-E):55%), 220mAo] T Ar<LA]o]| 2.5mSec,
770mAo°]|t}.

14

—experiment “.
------- simulation ]

Cutrent [A]

0.4 i

0.01 0.03

0.02
Time [sec]

a8 9, F3k4 100Hz, F-E Wl 25% ¢ H%

—experiment
— sim uiation

Current [A]

0.04

0.01

0.02
Time [sec)

a2 10, =54 100Hz, S8 Hl& 55% ¢ 3$

17} w4 100Hzo)A W 7HE2} H7F S EE
e HEL 4 20% Ao 50%YS & 4+ UATh
100Hz Fu}9] S| Hl-8-2 10Hzol v)dle] Soi=|gle
o] o] A42¢l PWM mHgofl gt AR o5 7]<lst
= @il

5.2 ot WHalof ME 554

33 112 uAE Aol dAse] ME Ho|
Zgsh= o A 7hERS o, - HEY 3 &
AMolct. Hoj 2 =9l 180bar7}A] B3t Ay, e
wislo] whka 7HEA7E Agdhetl £28EE AZHT)S
2|t K5} o+ 180barollA] 2.7mSec2A] FLE3Lo| u]3le]
24 FEE Qe ol Axy v §9F 2-8-2o] oY
o2 #g3l7] fgolth

4.8

S

[ wsimulatior; —l
4.4 ] — experiment |
s 4
[
]
E 3
@
E
32
2.8
2.4 —
[ 60 120 180
Pressure(bar)

7h gehaste] oigh GFAIZE WS



AR A ASEAL $U Aol B4

b --—experiment

¥ R
t { I ——simulation

i

1

Time{mSec)
w
o

2.8 | -

2.4

Pressure(bar}

L Fehustel o3 E3AIz Wt

I sim uiation i

1
| I—————

Time(mSec)
)

-
A
9
.
Y

Pressure{bar)

oh fapastel % 44 BAAH

a7 11, gvislel o% we B4 s

g R0 Wsel teb 7HEAE sPdstee) e
S AIZHT) o g2 180barof| 4] 3.36mSecE A] FLEL3}
of uiste] 138 AFECE o] e WAL thAE A7)
Yol M A85he fero) welem A8l wigolt. ol
2 §31o] ABS A9} Aol 9t 712 2ol Fe H
&2 100Hz, 35%(3.36mSec)~ 70(2.7mSec)% -2 &HoId+
4 Sloich Wb, B 88 S5 84 298 AR ABS
S Aojoll Mgt A2 Al =T 42t Hol7h
75 Fole.

5.3 554 4

oh

39 12, 132 7R AL 7IE 463004 S
2 B, 7FER A ARHTIT AA) BE d7 A7 (T
WSHE Uehd Slolnt. MH 715 A} gk Wslol mat 4
% A7l WE gy A7k Ad) 5.7~58mSec, 2.4~
25mSec AAE}7] W] W HA U A% Pl 5
2 A AL B ¢ 5 AT ol BR3L =
Aol ME FEHE 4% 712 A7 A} Hold
AoBA Ee] 2gate A, Fdol 2t 2tgo)
7HEAL Aegol wiste] W3 7] HEo] FEA FF
& XA R Rog Yzhdrt

15

5.0 i P
‘ ! | -5-m2.86
| | |4-m3.36
2 R | |-am3.86
& 4.0 =
£
@
E
&
2
£ 3.0
o
2.0 b
[ 30 150 180

100
Pressura({bar)

a3 12, 2194 disil o3 At

N iI 4"“;":::::::;@5
: .y%'/”;’;—/ |
€ 5.0 I
£ | |
= | B
5 | 1 | ezl
8 4.0 e \ 1 “‘*ma.3s]y
3 / | S
- e i | e
G r % m5.63)
3.0 B :
0 30 100 150 180
Pressure(bar)
O3 13, B9 A=Ase] 9% A4 gz d3t
ek, £Hco|t WRE HAT 3L, 7HeA A%
2 AR o] AR 1AEQ] BT BEA 37 aLEsty

AR A9fHe s Aks H4aAE e ik 19
14, 155 228 ALE 7|E K=1,160Nmoll A 574519
< AL, 7HeA s ARKTya AR BE FY AR (T)
HE yehd Zloldt. 71& diel, 23y AeE 7t
(K=L160Nm)A|7|H, o]o] ujeste} 7hgA} b5 Azt
10% &, ARl F Alto] 14% S7HE i), ol o
oAl 283k £ vt S7hE A2 vigo) 3
o8 zhg-57] ufEolck et} K=4,000N/m o} FlAl=
235 wigo] Mxjo] Hjste] AX|7] Higof 7heA &
Flo] WAYSLA] otk ERE, A2 S FAATI™

NG} A A7ko] Z7helo} WH gerAo] okshElgic.

Rising Time(mSec)

4 30 100
Pressure(bar)
O 14, XS ¥sle] gF G5AI7E Wt




AR e 3= 4] Agd Alls, 2007

10.0

-8-k960
- std
2
g 80
E
]
E
- 6.0
i=3
8
o
T 4.0
o«
i
2.0 -
0 30 100 150 180
Pressure(bar)
3% 15, A< dslol o3t WH ol AR dF Azt

mEbA, BE FEGO A2 Y7t E IS 71X
3 97) Wigel] WE A7} 7ReE W AK=1,160N/m W
eholA 2xBdeE 34 & Lot Aok

8 el Y217 2 2170, 7mm)E 7P
< ), BE s AN AA FE AR 29 16, 1790
Lrebdct

Rising Time{mSec)

0 30 150 180

100
Pressure{bar)

I8 16, L7 a Qs o3 A5 Alt W}

Real Open Time(mSec)

160

[ 30 180

100
Pressure{bar)

a8 17, 229> ZFAs}) o3t AR AYA7E Wet

oeTA H7o] Sh(LimmyElo] FHERe] 2Hshe
S Aalo] FUEY A4 AR 71 o) 25% B,
AR 4Y AZh 90% SeETh. T2, 13mm ol4e]
AN 3 2Hg20) Mol nlste] #x]7) nhe
o 7K5A 370l B Sk Wetd, vl E3e

16

#7] geiME YA AR AN AT 2ema
47 g7t Wasi

6. 84 B
ABS § Alojol T§T 4 Ut EE W /Y BE

dolsel SEAE M) SAste] Sota mAY

Test Bench A12h& B3 A 148 A5t 018

ste] ko] 2Hg 3 A 2Bl ABS BEH olE|

o) 554 A4T Aoi7 2L AxsHck

) ARRZHE o §3tod ABS ¢ Ao Wro| HotH
29U AYAE Foke] &efliols Buol o
SN e FeAE Bl

2) AT Wuo] AEHE HYL AFA 57 AHE 13
o SoH3.36mSec), A4 AZhE 2,08 THE(2T0mSec)
717 el S 4§ T PWM Alol7t B
a3t

3) &g S T B9, ABS FAY FU Ao} 7]
(Scany= 100Hz, 35%~70% €] tiejo] Z3sich

4) Y7 *Bx(Normal Open) FHBHL QL= 714 B4
nY 44, BAA IY, 02 AN eTu2
A7 WEph UE B4 g 2 Jae Ak

1]

ror

2

Martin maier, Klaus Muller, "ABS5.3: The New
Compact ABS5 Unit for Passenger Cars," SAE
950757, pp. 1-8, 1995.

Yasuo Kita, Masato Yoshino , "A-Sensor 2-Channel
Antilock System FWD Cars," SAE 860511, pp. 1-10,
1986.

HFEA, "SEERTCT 2 WA BSRE R
SCE(CHD), RS0, A4573, pp. 1594-1601, 1984.
Takeshi Naito and et al, "Development of Four
Solenoid ABS,"SAE 960958, pp. 41-48, 1996.

James P. Henry, David S. Dennis., "Predicting
Solenoid Transient Performance,” SAE Technical
Paper Series, 870473, pp. 93-99, 1987.

FAA, FHA, "OYGAAETEANE ko=
WHol mEgd #e AT, I=FYFTEIA, Al
1234, Al12Z, pp. 1-10, 1995.

[7] GREES 5 H£E, "BEXMagnetDFGT L A" A-4
KL, pp.1-38, 1969.

{1]

[2]

3]

[4]

(51

(61



A3} o) IARA ATANY 2L Aol B4

Z! ¥ 2(Byeong-Woo Kim) (H3l#]

» 19871 29 : Slokristm 7)AR
sl3t (FEAD

19904 2 : slekistn w7
AT (FEHAD

20024 2¢ : FhoFstw A7)
A8tz (F8FEh

199413 109 ~ 2006 8¢ : A}
FAREATFY ARIEAFA
HA

SAstE A7 EA AT

* 2006 9¢ ~ HA :
Foy zus
<pazop
AR AN, Y=Y
soluel= AEA

A5BAER, deofEL,

17

S (Ho Park)

[(H=3]

1982 24 : Ftekdiskw Awv)
A58 3(FgAh

1988 24 : SrFUiEtm HYr]
A58 IH-384Ah

1991 249 : Shofista FAv)
Astah el

1991 39 ~ 19949 9Y : =

s Yaekdta Agd+Y

e 1994 99 ~ 2005 24 : HIFARS AFAFE
& @

* 20054 39 ~ @A) BEROER A\ ARSI @
_)'\_

<B4l o>

AFAAA, 280



