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A Study on Falling Pressure Surge of ABS Using High Frequency PWM Control

Yong-Joo Lee*, Byeong-Woo Kim®, Ho Park”™

I Abstract ’ﬁ

The solenoid valve in ABS hydraulic modulator is a two directional on-off valve and is controlled by around 100Hz
high speed pulse width modulation. When the valve is switched from open state to closed state, noise and vibration due
to pressure surge phenomena in the hydraulic line and wheel cylinder are made. In this study, we identify pressure surge
phenomenon in the braking process of a ABS, and investigate the way to reduce the phenomenon. For the purpose of
theoretical analysis on the pressure surge in the closed state hydraulic line, characteristic curve method based on wave
equation was utilized. To reduce the surge, high frequency control of 20KHz was attempted. The result showed that the
surge pressure of 50% was reduced compared to one observed in the low frequency control. Duty variation of high frequency
can control current of solenoid valve and prevent sudden change of displacement.
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Fig. 2 Principle of high frequency PWM control
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Fig. 3 Schematic diagram of experimental apparatus
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Table 1 Specification of hydraulic oil
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Bulk modulus(K) 1,650MPa
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Fig. 4 Current and stroke characteristics vs. PWM control
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Fig. 5 Current variation with various duty cycles at 20kHz
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Fig. 6 Simulation results compared to experimental results
of response of surge in wheel cylinder (continuos
pulse)
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Fig. 8 Surge pressure vs. low and high frequency PWM
control
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P = average pressure (bar)

V = average volume (rn3 )
t = time (sec)

Eoi = compressibility
density of fluid (kg/m’)
vy = dynamic viscosity (mz/s’ec)

=]
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-
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= radial distance from pipe center (m)
A = unknown multiplier

>
Il

cross section area of pipe (m?)

Zy = characteristic power impedance

C, Co = pressure expansion speed(m/sec)

Py, Pa, Pg = pressure at point P, A, B (bar)
Qp, Qa, Qs = flow rate at point P, A, B (I/min)
Fa, Fg = total head (P/pg)

V = flow velocity (m/sec)

Ii = variable at point i

Rm = resistance ( £2)

Lm = inductance (H)

I = current (A)
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