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Braking Pressure Characteristics of Solenoid-Flow
Control Type ABS by PWM Control

Chang-Seop Song*, Hae-Jeong Yang**

ABSTRACT

Solenoid-flow control type ABS is used with a ‘dump and reapply’ pressure control arrangement instead
of using 2/2(normal open/normal close) solenoid valves in convensional systems(sol. ~sol. control type), a
flow control valve is used which replaces the (no) inlet valve. The flow control valve controls fluid flow pro-
viding a nearly constant reapply rate(d) after the dump phase of ABS operation.

In this study, to investigate a characteristics of brake pressure by PWM control, test rig was consisted of
ABS hydraulic modulator, digital controller, pneumatic power supply and brake master cylinder. For com~
parison with experimental results, system modelling and computer simulation were performed. As a result,
experiment results showed fairly agreement with the simulation. Also, it is shown that the pressure gradi-
ent (tanf) is affected by pressure, frequency, duty ratic and expressed with an exponential funtion.

Key Words: Solenoid-flow control type ABS (£#l 0| =—FFAo] W ABS), PWM Control(BAE ¥MzZA9)),
Reapply rate(A5< ¥1), Pressure sensor($48441), Return pump(AH ), Reservoir(H#H)
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Fig. 2.1 FCV operation mode at dump phase
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Fig. 3.1 Experimental appratus for measuring break pressure

Table 3.1 Specification of experimental sets for measuring
break pressure variation

Experimental eqip. Characteristics
53 49 200 Kg/cm’
Q7 At DC 12V
@ Digital pressure | <= U9l -40 - +100°C
sensor Hysteresis 0.5%R0
3 g 0-5VvDC
v AR of 30 mA
@ analogue gauge 200 Kg/ca® Max
sampling rate| 83.3 kS/s
@ DAQ board gain 2
input range 0-10V
@ &Fy.Contr?ller 44 A
iving units,
® Power supply Hewlett.Packard 6826A
Motor drivi
© ‘or riving Battery DC 12 V
unit
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Fig. 4.1 Brake pressure variation at 70 bar, 10 Hz
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Fig. 4.2 Brake pressure variation at 100 bar, 10 Hz

Supply pressure 150 bar , frequency 10 Hz
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Fig. 4.3 Brake pressure variation at 150 bar, 10 Hz
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Fig. 4.4 Brake pressure variation at duty 0 %
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40%

Uehlz ek, T3 27 BEe hge] ] He @
AL Z9 BREA B4 AE "‘Eﬂ (normal phase)&
SAZ W, FEAo] PHe] AF Lo uF 27 YA

W 27) A= ¥BE ez A8 4ol A Frtet
#4¢ 2 Jeh 73 9den, ol AlEHolA At
°ﬂ/‘15 2 giol BAA 3 g},

Fig. 4.5 £¥xo]= WBo 1% Fu42
WM FEHES 5-50 % 2 HAsAe o 2y
ol¢tE d¥H oz T AFolrt. YoM &
o] FEl&ol & 30% o3l Aojgte] A
#E Holn, L7t Re ATt Aojstel 2F ¥
veided a4 22

FEI &N Foert HETE
&dlicolt WH7} dESle Ade] By] EoR oA

E

B4
12
A

LIPNs
123

o

O
X ooyt 2 N

e &



348 - 493
70 (-
Supply pressure 100 bar , frequency 10 Hz
80
100 50
= y = 103.808 '
Q ‘E 40
3 °
?) g 30
I
o 20
10
Time (sec) 0 —
(a) Experimental results 0% 10% °"Dm - 40% S0%
Fig. 4.7 Curve fitting at 100 bar , 10 Hz
®
L
° 120 -10
3
@ L
2 100 i-8
&
g 807 o1 = 174170 + 83 012 |6 %
O o
) £ 60 s
Time (sec) 3 I
© 40} ®
(b) Simulated results
Fig. 4.6 Brake pressure variation at dump phase 20 ¢ 1-2 TS
0 - * 0 e Xg
0 5 10 15 20
frequency {Hz) ~

Ak, 3 FEl&o] o 10% - 30% BHUAA Bao]
3 go] Aoddde RS 458 & U} Fig. 4.6& F
¢ 100 bar, F3 10 Hz ojx9] Byolz 24 &
A JEld Aoz, FE &) 10 % olstdue 24
o] HA ¥7] WFd) Beoles EHE R UA 2

€ Ae ¢ 5 Ut g A LS diMe
FEI&] & 20% - 50 % HHUAA Aojsojot &
&g 4 it

A9 A4¥ Ao AEeeld 2AE EdE2 FFY
100 bar¥ w Fa9} FEIEE SR i W
& 718718 Fab7] i 4L Alsted Bt dA2
AHEshe Y Fhile) 49 7)1&7)(tan ) E T3] 9
d, zt FoeE2 [ElS 4o dg 71018 o=y
d oz He % F|H fitting A o, o] We] de]g
&L Table 4.13 21}, Fig. 4.73 2o} Z Folsya 7
g3 71¢7] A9 AFHe} AFEE Fig. 4.8 o]
A8 fitting 3to] & A oAz H¥Ho| S L+
At 1 A AR AgEe 2 Fagd da) 1344

Table 4.1 Data sheet of pressure gradient

1 t

SUPPY ) requency! 5% | 10% |20 M 50 %

pressure |
5Hz | 5327 | 351 | 192 | 501 | 065
0Hz | 6304 | 4078 | 166 | 702 | 097

100 bar | |
5H, | 725 | 435 | 159 | 93 | 108
2H, | 741 | 4833 | 1833 | 75 | 122
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Fig. 4.8 A reference of coefficient and exponent at 100 bar
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Fig. 4.9 Brake pressure variation due to f.c.v orifice diameter
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