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A Study on the Improvement on the Response of Solenoid-Flow
control type ABS Modulator

SR (BhoH), ZgEf(Btet] cHEHR)
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Abstract

In this study, a hydraulic modulator of solenoid.-flow. type ABS, the master cylinder, and the wheel

cylinder are modeled and simulated for increasing and decreasing pressure characteristics of the brake.

Response can be predicted by external force of the the master cylinder and pulses to the solenoid valve

as input. For a demonstration of simulation result, experiment is done under the same condition as

simulation condition after experimental apparatus of 1/4 car model is constructed. When factors of flow

control valve are changed, the effect of each factor to response, how to improve response, and the

most critical factors are considered from simulated result of time constant.
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Fig. 1 Comparison of Sol.-Sol. type and
Sol-Flow type ABS
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Fig. 2 Modeling of master cylinder
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Fig. 4 Modeling of plunger

A WEZ XE AEE B Y ¥Noz A3
® g ATRHE 289 Wsle B2 e
FAAS 2% BN KEY W WA Ae
Atk AL A2 YS ol gelel FahAT Fig. 4
t 2d9d A4 A% ZAHE Jea ol

224 8 d439d

Aoz Bola I2EL o] 0 YT By
olZ 3o A9 HEY FT 2 BYola 5o
ol FHolnz AHASLH W AP o
Hog Byolag BEHOE Ao 7 B2 o
Aol glo] B2o 9% e Aoy gAHS 7
d T 2e® "art o mEd B2 gue
Eh7] 98 B2 334 Aesqrn.

r;‘_ e

2.25 #AY (Reservoir)

Fdols WuE S §3%L YU AAHE F3
ol ALz KUSH, BEAA $2T 4 9b §End
FUHE Fol e 49 YNHoZ HAol3 g A
Ao ABE ok 2XY, dAW NagoR T4
oAglen, AAANHE WA NAE Yo Fo} &

—-570—-



3 £%F HANE AT, EEERAL AA

7NE0E AT

wElo] o sAste WA Aol o3 HEL FJAEo
ZAE FELES A H1 274y A2 B As
Nz oz JdAM Begela dg $&3e 722 4
o] gt sAae Fig. 59 #°] Chamber uld
Chamber u2& o] AAls4ch

O\

ul

Fig. 5 Control volume of pump
227 99

ABH A vtaH HAUR fFo] EEE o 27
= otelel WS Foly) AshA Fuzt A H Al
dy Zole ¢ #EE Fol7) AF efvxs v
28 AddolA ARg Baola 49 F4& H7] 9
& Aawert eesad & At

oz

3 Mgz ¥ wy®
AgAAE Biea ¢de &RV AT FHe=E
Fig. 69} #o] At A8 b L Ao
2 AUt AF TS anaﬂﬁoﬂﬂ A&F7NE E
ANZ F wgkAo] WBE dol FYAUGI} vhAE
AU E F2A 3o Tri°ﬂ dol e F7IE glel7)
o3 T7|w718 AAET, Aol drE Fole TH
Audgz nhAaE AAagE 5 vlayg 43G9 B
A gre] BE gHEnA Lon EHE FAANUG
FEA7EA 8 AYg Z9 §H
& w7 93 DAQ RES vlg R9Z ZT2aYPSR
A2 AR AYL FEAJE FEH YEEHE

x4 AZaarh

Eiolc WHE

4 A8 AgolMd Za ¢ D&

Fig. 7% Fig. 8& 247 &% % &% Ag Aol Fig.

9%} Fig. 10& AEHoA ABXZ FEIL 10%, 20%,

greasure
age Master
Cy]inder

Brake
Wheel
Cylinder

Conl
DCL2v
H: druulic
H’gdulntor
Fig. 6 Experimental apparatus

30%, 50%Y W ZA:poltt &4 A#E FEIZL F7H
et et dales AlZto] o v 2 steady- state 3
g7tx 2¢4e A Han e wey He AL X
&1 gt Agrtis nddedA vy ¢ =
Eo] Zo| A: BIIEL Aol Urk T FEA @
g AAPoz Pygoe) wolE Aol AFHEAG
NE#olHd Ao FFHo2 el o] XA
7t B3 eS¢ + Ath

NEHHE F85ly] Y3 uAE AAEL FFA
WHo ~Axae &BA4AF . 27 $5WY, TE @
® -© -@ 3%, 230 2892 AA, F3A0 Y
e A& A-B 2F9 A A% 4 A A
Zo|t} Fig. 11¢ 10Hz, Duty 10%9 ¢ A#E 71§
o2 AgHold AdA Warzl & AREY] g3 7]
Z e Ur A8E x FoE, W49 time constantd
71%0] HE time constant® UY¥F & yFoZ 3o
EAE Aotk aYZ Aol A spoole] AHel 71€717
A% anz pE 4 dAs g8 ¢ 7 deH, 2
tgoz Axa A AF YR 2 FHF
dqua dxde & & Yot gge] A 944 Hg
7F A9 AT

100 Duty 10%

. it

40 20%

20 30%

ok . e
N 2 & 8 7

ANZHE)

2 # (bar)
3

Fig. 7 Experimental result of pressure
increase

~-571—



et (bar)

Al E)

Fig. 8 Experimental results of pressure
decrease

2% (nwr)
8
Y 8

Fig. 9 Simulated result of pressure

increase
Rba)
100 e Duty 10%
’LWMW'VP'L%WW‘M/WWVWM/WWWWWWWWW
Edl W 4/
i ” V‘-"AM.
- i, Mg, 20%
a ‘4\4 11% ! gT—
. )
\ ...
E| v\'\/\, - MMIV\'WNWJ\’V?-/WMAW» v
50%

o N 2 3 4 5 8
A2

Fig. 10 Simulated result of pressure
decrease

/‘/
L}

o

sl wvo ef o
29,

Fig. 11 Factors and time constant
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