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A Study on the Analysis and Development of Proportional Pressure Control Valve
for Vehicle Active Suspension System via Hydraulics Actuator

F 38, F FAFH 9 I
Younghwan Yoon, Joosup Jang, Myungjin Choi

ABSTRACT

Generally, the hydraulic pressures are used for transmitting the force. Therefore, a highly
reliable and inexpensive control system has been required for a passenger car. The
control-ability of active suspension system is strongly affected by the performance of pressure
control valve in the view of dynamic response and energy consumption. In this study, we
suggested main design parameters for the optimum design of proportional pressure control
valve. The mathematical simulation model was derived from the quarter type model which
consisted a valve and hydraulic damper for the purpose of analyzing the valve characteristics.
Experiments were performed to confirm the performance of the valve and computations were
carried out to ascertain the usefulness of the developed program. The results from computations
fairly coincide with those from experiments. This has been achieved by developing the
servomechanism valve which comprises the simple combination of a solenoid, a spool valve
and a poppet valve. The results from experiments and computations show the development
process of optimum proportional pressure control valve in the hydraulics system.

F87]€80] :Active suspension system(s %5 & 7}3%]), Proportional pressure control valve(d)
Hg P Ao WH), Servomechanism(A] X.7]7), Hydraulic actuator(%¢F <439l
o] €]), Damping force(Z4] &)

Nomenclature overlap amount X,
A, ' Compression area of actuator piston A, : Area of accumulator piston
Az~Ay : Orifice area of valve A, Opening area of valve poppet
A;, A, : Opening area of spool to consider A, : Reaction area of actuator piston
C;~ Cyu: Fluid coefficient of orifice

* 33, Byt qEd/(FHIlzA s C,, C, : Viscous damping coefficient
*x 39, ALAFENE AF A of poppet or spool
oo 39, Ao AL =R F T C, : Velocity coefficient
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F, : Coulomb friction of actuator
F, : Damping force of actuator
F, : Magnetic force of solenoid
F, : Viscous friction of actuator

Fy, Fyp - Flow forces of spool or poppet

S, : Frictional coefficient of accumulator
piston

%k : Polytropic index of gas

K, : Spring constant

m, : Working fluid mass in accumulator

mg, m,: Mass of spool or poppet

m,,: Piston mass of accumulator

P, : Working pressure in accumulator

P, : Pressure of gas in accumulator

P, : Pressure of actuator compression

chamber
P,.;: Pressure of actuator reaction chamber

@,.,. Flow rate of piston valve
Q.. : Flow rate of body valve
V. : Volume of compression chamber
Vg :
Vo
V,ep: Volume of rebound chamber

volume of gas in accumulator

: volume of oil in accumulator

X, ¢ Displacement of actuator cylinder
o : Conical angle of poppet

B, : Oil bulk modulus

o : Density of oil
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.

Q= CaAy 2(P,~ Py )
Q= Co )| 2(P,~ Py) - sign(P,—P) )
Q= CAY 2 (P1= Py - sign(P~ P (10)
Q=CAY 2 (P~ P) 1D
Q.= cAy 2(Py— Py - sign(Py— Py (12)
Qu= CuAu % (Py— PJ - sign(Py~ P)(13)
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A 2(continuity equation)& &3 Zo] e
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QDD_ Qf_ Qrif_ Qs_ /90 dt = (14)

Q.- Q= Qu— AT -2 =0 (15)

Q- Q-4+ 5 =0 (16)
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a’x dX
el 2 p
my—g TC g TFp (22)

~Ap(Py— P+ F,=0
o 7] A,
Fp=2CyApcosd(Py — Pg)
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Fig. 1 Mathematical simulation model of
quarter car system
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Fig. 2 Schematic of open areas symbol in spool

and poppet
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Fig. 3 Schematic of free piston accumulator
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Table 1 Physical constants of the system

Constants Value
Density of oil 380 kgm/m3
Bulk modulusoﬁf elasticity of 1868 N/m?
Mass of spool 12¢ kgm
Mass of poppet 8.1e” kgm
Constant of feedback spring | 3.92¢® N/m
Area of Poppet Port 4.15¢% m?
Diameter of spool le® m
Overlap of spool 2 m
Angle of spool i;ig 3Z§
Angle of poppet a =184 deg.
Diamet.e.r of supply orif%c.e. 34 m
pilot orifice, feedback orifice
Diameter of return orifice 7¢* m
Diameter of control orifice 25¢° m
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Fig. 4 Response characteristic result on step input
(simulated results)
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Oiameter of Spoal Ds 8 ~12mm A
TO.003ImMm ~
Clearance of Spoal Cs ~0.030mm Ja)
Overtop of Spool Xn 0.0 ~ 0.5mm [}
Diometer of Supply Orifice Ds 0.2~ 0.5mm [e]
Diameter of femdback Qrifice s34 3.2~08mm}] O
Angle of Spaol e Y 30 ~ 90deq o
feedback Spring Constant Ks 4.0E3 N/m A
Angte of Poppet a 15 ~30deg g

Fig. 5 The design parameters of proportional
pressure control valve

Fig. 6 Photograph of samples for a test
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Table 2 Specification of instruments and equipments

Symbol Description Spec. Remark
P
P1, P3 ressure PCD-100K | NTS
transducer
Qr Flow meter VC004 Kracht
Qc Flow meter VC02 Kracht
Linear disp. DLT
LDT transformer -150AS Kyowa
V1, V2 |Flow control valve| F800S Parker
.. 1 GO1-C-2-
AMP! | Amp for solenoid D3 Wandfluh
AMP2, . - ~
AMP4 Strain amplifier | NTS-1220 NTS
A for flow
AMP3 | TP FM20 | Kracht
meter
AMP5 Amp of LDT |DPM-601A| Kyowa
- Yok
Xy Plotter 302513 X0
recorder -gawa
FFT Dynamic signal 35670A Hewlett
analyzer Packard
D/F Damping force Vmax Sagino
tester tester =2m/s -mia
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Fig. 9 Effect of spool shape and overlap on the
frequency responses (experimental results)
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Fig. 11 Effect of supply orifice diameter on
the frequency responses (experimental
results)

AZ A7 euRF Wl e dg4nE
Fig.12¢] Yehidch Fig.8el Jebd 43
g o]gdtd & o= AAHFE A
0.3m/sec A% Aol A 7421 7](excitor)] 7}
A £ dASA FAGD AAGEP3) A
Q(gain)& AT Fu5 $HEAS el

118 BIRSHTES =2

10
5 N
X
g0 —
= \.f‘\
£-5 // e
£ :
©. sPAl %
/I{_\“ 1 1 T TTH----- SP.B N
-15 SP.C
-20 - SP.E
-25 | [
1 10
Frequency (Hz)
Fig. 12 Frequency response characteristics

according to spool shape and
overlap (experimental results)

AYAst oWy Fo| 71 E SP.CY THA
o] 74 "ol euY o] B} A2 SP.A
o] ¢9Ae 2uly) 3 SPDRT Eojzl o
2 JEth oWy Fo] 71 F2 SEAL
Wolx 1 Ru}7| o] 2H&4E S waT
E AL ¢ F Utk g $E4e TP wE
SPD7} 714 FLAE & F Ut

2F YA o UF Wl dis), AEH9
AH S 23 AF: Figl13d Zth oH
g Fo| F71 £2 2] FHFL BaIIoH,
oy Fo] 7} Z SPCY AF 2HFFES
Aoy SHZAEZAT FEAHAES YERI,
SPDE AH|fEo] 71 BokS ®t opet W
Fo] Alg Aoz UEhyt

Fig.12¢} Fig.139] Z3e|H SP.DE F3F
SHEAo] 713 Fou 4n#Fo B, SPC
= adsEe 71 oy Fag g4 U
W A 2ol HEA] EA7F ddEe) w4
H 42 a3 AcdFas 8 549 ¢
Az vEA ndsde 9 SPEY 7 A#e
Aoz ddg

Fig.14¥ Fig.19] 14 2o wiy o
3 259G EA U AEdns 48 A%
A 2%E 71Foz2 wWH9 $YAE 325
msecEZ YUERgth Figd4st Fig.14& ¥|adld
B LA 15msec A= 2317 LAY}



#3t dARololElE TelW F Wt

A& v AHARE 2 M AL

4.0

SP.A

T 35 sP.B
g sP.C
4 30 7 SP.D
2 7 ——8P.E
®
2 25 -
N
\; 2.0 e i
a .,
2 15 ] =
12

1.0 |T \&“

u.slT =

! Freguency (Hz) 10

Fig. 13 Experimental results of supply flow rate

12

T T '
TN
10
R Pt ’_‘ ..... ] o 2
© g |——P3 z
g :
26 1 0.8 3
4 ©
2 1 S
e | VY H
a 4 r s
C »
04
2
o N +— 0.0
0.0 0.2 04 06 08 10
Time (sec)

Fig. 14 Response characteristics results on the
step input (experimental results)
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displacement of the actuator at
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