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Stepped Decompression Control Method of Solenoid Valve
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Abstract; During the hydraulic control unit of ESC ( electronic stability control) working process, the
main function of the solenoid valve is to adjust the wheel cylinder pressure precisely. However, the linear
control mode which can not maintain consistency of control accuracy is susceptible to the state of the
hydraulic brake system and the working environment of the solenoid valve, therefore, the stepped
decompression control method was proposed, and control parameters were calibrated to realize the precise
decompression control. Based on the analysis of the hydraulic valve spool force and hydraulic response
characteristics of solenoid valve, it was pointed out that the pressure change rate can be obtained by
adjusting pressure control status and duration time of the signal state of solenoid valve to provide basis for
the realization of stepped decompression control. The pressure control state of solenoid valve adopted the
delay opening and closing control method, which can avoid the frequent switching of the pressure control
state between the decompression state and the holding pressure state. The duration time of the solenoid
valve control signal state was affected by the pressure change rate and the switching delay phenomenon,
in which the flow rate coefficient of the valve port affected the pressure change rate, the opening delay
time and the closing delay time affected the switching delay phenomenon were calibrated by the test. With
the help of a test bench, different pressure increase rates were tested when the cylinder hydraulic pressure
was decreased. Results show that the proposed stepped decompression control method can make the
cylinder pressure follow the target pressure well and the bias of experiment data can be maintained within
1 MPa. At the same time, the control method had high control precision.
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Fig.1 Analysis on force of spool
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Fig.2 Hydraulic response curves of solenoid valve
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Fig.3 Schematic diagram of spool movement response
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Fig.5 Wheel cylinder pressure changes under control signal
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Fig.6  Flow coefficient calibration of valve port
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Fig.7 Pressure estimation curves of different flow coefficients
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Fig.8 Step pressure control process
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Fig.9 Relationship of pressure drop and opening delay time

A I s 22 1 35 R a2 3 Ok (L 9) 5 % T 5k 1]
FUSN N S S R [ AR T R R IO 1 A )
(1] i ) 1 s 2 1 8 R T 7 AR (181 10) o R T AR
PEAT HURE 1 T IS 5 O P o R A SR A (R] 3R IO AT
AP AR 0 s 22 0K 2 G o 47 fEL 3 AR BOR R
AT B E R ]

5 RXIQIEIE

R FH S 25 Y006 PR A [E] B B MicroAutobox 1B
Sy 45 BT, 3K Bl B 96 % JH] Rapid Prototype 52 31 Hy
i ) T AT F ) o), 5 8 T TR D B R SRk L
PERE B4, 8 G4 W E 11 s, Wk T 48
& 75 F A [R) R 285 Ak %6 1 B 17 O



384 & A Bl B ¥ i

2017 4

4 5 6 7 8 9

434 1 FE2/ M P
P10 HaL 2 R R 1 22 15 0 FAT 3 3R e [
Fig. 10  Relationship of pressure drop and closing delay time
TE i 6 i s 12 36 2o AR v, B 00 4R SR 7 8 MPa
ZEAT AR RE L T 43 I BRBE 3.6 (12 MPa/s ) i He
AT I 2 R A 12 fiR .

H f1/MPa

P[] /s

H J1/MPa

Py

il

FFAE 1 MPa LA o [ B A5 A 7] A9 961 X 18] 22 fE I
W 7 i s 3k 4 P4 30 K, R G RO R R D O O
1R WU R (RSl R A AN R S PN
e 3 38 4 A JESORS A

6 ZHit

(1) $2 M 7 7 B b s s o A v, AT 3 i 42 o
T PERVR S TR ST L 1] LB o 7R A 45 2 e 1]

RV As S
Fig. 11  Test bench
LRGSR 2. W gh Lt & 3. BRI MG e 4. S
YU 5.ESC 6. iR fE A
AE A [a] 9 D6k 1 3k 3 75 5K, 48 6 s 7 #8 m] LAAR
L B i b B B B T 0 B0 75 5K 1K 6 i 22 40 AT L 4

(c) 12 MPa/s
P12 AN [ 0 He 3 38 T 1) %6 T ) 28k it 4 1 Hs ) i 22

Fig. 12 Pressure change curves of wheel cylinder and pressure deviation
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