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A Study on Estimating Characteristics of ABS Using High Frequency PWM Control

Byeong-Woo Kim*, Yong-Joo Lee’, Ho Park "

I Abstract I]

In general the surge pressure generated in hydraulic systems causes noise, vibration and odd effect to the system. To
reduce the surge pressure, high frequency PWM control of 20KHz was attempted. To estimate the braking noise caused
by surge, a vehicle equipped with on-board ABS hydraulic modulator has been experimented with respect to the various
breaking condition. Through this experiments, it was found that breaking noise has been reduced using high frequency
PWM control method compare with low frequency method. To evaluate high frequency control in practice, including verification
of general functionality, EMI tests was experimented. Its was found that it is necessary to have the solution to electromagnetic
interference(EMI) generated by switching elements.

Key Words : ABS(AlE74]), PWM(EAZE %), Modulator( 1 &#|0] El), Solenoid Valve(£#| 0] = 1), Duty Ratio(F7E]H)),
Surge Pressure(A]Z] ¢}2), Brake Noise(A5 £-2), Conductive Noise(HEA] A-2), EMI(AA}} 7Hd)

1.ME WA AL o] fHieo)= BB FHOo2 {4 T

& 3 dEE Aolst] AEdTE TAAL Urk
ArdAof A de) AEHL e As e fYE AR AsAHe] AFAA 9 ABS+ oF 200bar Wl ghge
sto] AlFHE AT A2y dut FA7IA # 2 Agstu], &¥icol= MHE On-Off Wa|2g Aof
ofyzt Aea, AEt 5 I AgEopt thFsith ol b 9E57) 49 Aeold 23 deE 28E g A%
AFEAE T2 7Y ZEF0lE &of &t WH} gol BAste ofHdt £ AL FAT 4Y HF

* FAR, AFAREATY AANYH (bwkim@katech, re kr)
T 333912 FAEE HUA FAE 858 74

R

++ AT AAL AFAT

69



HECREE ST

ol WEHA €}, o] T FAHT UY WEE AX ¢4Y Fig. 26} o] 3 dA 2 FEste] HASYL.
(surge pressurejole} t=d olefdt @R 257 A% Al 197 Fig. 2() A [ 2 BAE FRC2A £k
of frE B oYt AT AelE Y FFE v oj=o] FEdte ASE A7, VIelA 7[A L, Voo
He Aol 2 e}l 44 AZHE¢ Fadte Aotk olg A
olfdt YL H2AE ¢ U HHeE gukyoz 9 20kHz9| 13T PWM A8 FEEE 0%E {AT
7Vete FoAS 100HZE Y 2 Fah49] oF 20kHz9) t}. o]FA st 8 Adrle] §F& FHHFE WEe T
PWM A1 2E ABS| A7}ksto] Aet At oF 10bar o)/ 3A Ha g Aehe oF=2 Fig. 2(c)% Zo] a2 &

o A 4EE gaaZ 2 A
2 =RAE o x4 PWM AZE ARE
ABS9| 452 B71s}7] fstel Fdt AFLES SAA

o) AAs} 4] ko] Z(EMDE B7tst7] $lsted CISPR
250] AR HeA o2 FFE EHsg

2. IO PWM X

2.1 IFOR Mjo] W
LFIE PWM Aol®t, Fig. 101A419F Zo] YutA<l
ABSOA ARE-8H= 100Hz9] Aok Ao} E 815& 3¢
of WA= F2% AR UG current(low)) S LAY3HA]
AEE o7] §l8to] oF 20kHzO] o] AT S BE
olgjof Faste wWdolth o|gA 3t HFQ Wyt A
A og HeelA Foj(current(high)) £ mo|= BHL
52-g vl A oM Bl Zo] FRAIY 4 QA H mEbA
A7 g o] MR ZolEA =o] ABSO|A WA= o
Yo BEEdE £¢ 5+ YA He Aot

HA Aol As F£7)= Uuk A48 ABS AR oA HEH
3 Qe Y0msecE 7]£02 HE PIC H7|E 0|43t
A9 FEH] WAYo] FFEIEE Lus: PWM Aol & 4
Aghet. o] g PWM Ao 211 AR wiste)] Aa#A=

Disp. {high)
- - - Current {high)
——Disp. (low)
= Current {low)

1.2

0.8

0.4

Current[A],Displacement[mm ]

] 0.0045

0.009
Time [sec]

0.0135 0.018

Fig. 1 Current and stroke characteristics vs. PWM control
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Fig. 4 Testing of braking noise
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Table 1 Specifications of test equipments for the
evaluation of noise level

Experimental Specification
apparatus
Philips PM5139
Generator Operating Freq.: 0.1miiz ~ 200
Impedance Rohde & Schwarz ESH3~Z6
network - SuH/50Q
Recei Rohde & Schwarz ESMI
ccetver - Operating Freq.: 20Hz ~20.50i
DAQ system HP 3852A - 8 Slot
Sound met Ono Sokki MI-1211
ound meter - max. Sound level: 132dB
Ono Sokki CF-5220
FPT analyzer | g 10mHz~ 100kiz
Test vehicle AZ}, Exhaust volume : 1,800CC
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Fig. 7 Noise level at time domain by brake pressure

100.0
— —a&— Conventional PWM
.% * - High speed PWM
= 90.0 e
3 |
— i
2
7 80.0 -
@
2 3
[ ._’_d______,__.»———’-—’—*‘—’_"‘
T 700 e e , .
3
=3
(23

60.0

50 76 102 128 154 180

Pressure(bar)

Fig. 8 Average noise level vs. brake pressure
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Fig. 9 Schematic diagram for EMI testing

Fig. 10 Testing of EMI noise
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Fig. 11 EMI noise level at conventional frequency control
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Fig. 12 EMI noise level at high speed frequency control
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