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ABSTRACT

For the purpose of optimal control of anti-lock brake systems, precise dynamic characteristics
analysis of 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 restrictively applied to the actual ABS modulator, where hydraulic pressure is acting.

In this study, mathmatical modeling and experimental analysis were performed in order to
evaluate the valve dynamic characteristics when the hydraulic pressure is applied. High pressure
on the master cylinder that affects on the valve dynamic characteristics have been analyzed
quantitatively, and performance improvement methods have been suggested through parameter
study. Consequently, results of solenoid valve dynamic characteristics analysis derived in the
study can be utilized as criteria for the optimal control of anti-lock brake systems.

F871€£9] : ABS (M@ LAAFZA]), Inlet valve (YF ME), Outlet valve (2T ¥
B), Plunger (7} 2}), Hydraulic modulator (4% 25 @ °]€]), PWM (HAZ
W), Solenoid valve (£8|mo]= W B), Duty ratio(FE »]-§)

Nomenclature L(i) : magnetic flux length(mm)

A : orifice area(mm?) my : piston mass(g)

B : magnetic flux density(wb/m2) m;y : plunger mass(g)
Cd : flow coefficient N : coil turn(turn)
Fiv-meg : magnetic force(N) Py : input pressure(bar)

kiv : spring constant(N/m) P, : output pressure(bar) ‘ 3
Q2 : master cylinder to inlet valve flow(m’)

Qaw : inlet valve to wheel cylinder ﬂow(m3)
S : unit area(mmz)

519l sLoro sl w 5} )
-, t‘i o __}L dherd _ Us : eletromotive force(ampere turn)
= B8, BFhSL FYTIAT SR Viv : inlet valve volume(mm®)
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Vw : wheel cylider volume
Xiv : spring displacement(mm)
@ : magnetic flux

B : bulk modulus

o : density(kg/m’)

z : displacement of plunger
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Fig. 2 Lines of magnetic flux by FEM analysis
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Table 1 Experimental apparatus specification for
dynamic Characteristics of ABS hydraulic
modulator

Experimental

Specification
apparatus

LecCroy AP 015

1.Current Probe

- Max. Current : 50A
- Bandwidth : 50MHz

2.PW Circuit

Fly Back Diode Circuit

3.Solenoid Valve

Bosch, Version 5.3

4 .Pressure Sensor

Texas Instrument 3CP17-1
- Max. Pres : 3500Psig
- Qutput Load : 100K.Ohm
- Lineality : 0.25%

5.Function
Generator

PIC Controller

6.Pneumatic
Cylinder

Festo KDN-125-60-PPV-A

7.DC Power Supply

HP 6573A
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