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A Study on the Characteristics of Damping Force in a Hydraulic Actuator
for Vehicle Active Suspension System

&9, A"
Younghwan Yoon, Myungjin Choi

ABSTRACT

Through experimental works, the damping force vibration problem was investigated, which results from
valve and surge pressure in the oil return line of the hydraulic circuit of an active suspension system in a

passenger car. Experiments were carried out under passive system, where an orifice valve was closed and
non-active system, where an orifice valve was opened, using a pressure control valve controlled by solenoid.
The effects of parameters of the valve overlap and accumulator on smoothing surge pressure was elucidated. It
was proved that the apparent variation of damping force due to the overlap amount of pressure control valve is
the most important factor to control the damping force variation. The procedure of the experimental works

shows the development process of a proportional pressure control valve in the hydraulics system of an active

suspension system of passenger car.

F87]480] : Active suspension system(‘s% &7} %)), Proportional pressure control valve(H] = ¢t&
A|o]W B, Hydraulic actuator(-f-9F 3ol ©|¥]), Damping force(7+4]2), Experimental

study(HE4 A7)

1.H &8

Aol FAAFATH FALL FHAL 2
Moz ARAe] A7 AR AF A 43
ol Ae3E T Yk 2 FA vlolaR T2 A
Mo} 7% AN E Abgetel Aol AT A
3 5o AEHo2 AT A0S G
oz Aojet Nadoz Ax TARAT.

* 3, (TS ="
w5 Asdiew AN GA 2T

150 3=xSAS e =2

=2
He AEL KUY L ol gtel S 2
@k S @R L FREA e A2



A% 5F A7F AAE f5k AFolojEe) Fa¥ S AP dF

AN E NE oA $347 2 224
e 3 BAL 5 AEE ARHAT 22
U iR AP Ao o] Eo] B3 AT} A
ARYD, Al A7 e Ayl o
3 AT} Ao A ) A7) W] g
A7 5ol 77t AN F 77} o), 55 @t
FA g Aol HE&57] AL AFoo|E
AT o) ¢ e S50 Ba AT} whza)
Basch aebd 44 55 d7h 3AE AP
HEHD ot A% e 2o Ay A8
Fstel 7148 S e A7} EAe] A
A Aol dgH o AE57] FAAE 4
WS A7 G A7) A% 48R o)
RN EEACS

P AT E dFoolg hal EyolA oo
ofEl W, #F MEA FAAIWHl oY
(overlap)Fol] ol 8 2 F MEe| Bz o3
ZHY e FAG A oo 3t o] ALLE
787 A% pere AT A4 Fabed
st Bk,

2.1 55 I X9 =SR] L AS

TE @7F Ao e 1/4 g nde 7
o} FA Q4+ Fig. 13 2} A4 5% d7)
2o HEste 2, HE, 4HA

offl

o

fu

2 ol

Yo

O_>L lm

i, 8

i 2 do oxX W

2

AL, A MEE Lol nd 7lER
Af el vldsts ¢S Aolstd AF3 o
E #FY A5l olel WF-9 §Fg Wt wat ¢
Y FE ¢ g

dHAARE = FA, vl Seicol=, 3y
218 H (pilot valve) @ | ¢] ¥ B (main valve) &
T8 7 AR AE e o2 2o A3
o A9 A HE oM TEFE 2 Y
Fg 22l 2(supply orifice)E E&te] U
He(Vp)2 Y= 1, 3 E 3 (poppet)o] 3]
FHHE X XEE B8l 29 "ag 2
o olw 28 4Z Ao ofHol 2A A
=F

2 S HAE FAEA D). 9d S

. Solenoid
Main valve
[ N v t+— Control signal
Sprung mass Pc }‘ X | — Plunger
Feedback orifice - Poppet
Spool r Control orifice A Ty Ny~ FoPP
Actuator Poppet port
Piston valve Rebound
. chamber °
Compression o ofo 5o 2
chamber I AT g
Body valve = s
Xus / { &
‘ \& LJT‘ \—Return orifice
Feedback sprin —/ \ Retum port Pilot orifice
Sub-accumulator ce pring Supply port 1 c
/ Return accumulator
( Pump Supply orifice

I' jReservoir

Fig.1 The Active suspension system diagram(1/4 car)
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Table 1 Parameters of PCV and actuator

Parameter Value | Unit
Bulk modulus of hydraulic oil in steel pipe | 1.38¢9 | N/m®
Diameter of PCV control orifice 0.0025] m
Diameter of PCV spool 0.01 m
Spring constant of PCV spring 3920 | N/m
Diameter of actuator piston 0035 | m
Diameter of actuator piston rod 0025 | m
Stroke of actuator 0.16 | m
Stroke of exciting cylinder 004 | m
Gas volume of sub accumulator 160 cc
Gas charging pressure of sub  accumulator 1.5 | MPa
Gas volume of return accumulator 70 cc
Gas charging pressure of return accumulator | 0.15 | MPa
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Fig. 2 Schematic diagram of a damping force experimen-
tal apparatus
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Table 2 Specification of instruments and equipments

Symbol Description Spec. Remark
pe, py | Fressure PCD-100K | NTS
transducer
Qc Flow meter vCo02 Kracht
Linear
. DLT-
LDT | displacement 150AS Kyowa
transformer
1 | Flow control F800S | Parker
valve
AMPI! | Amp for solenoid | GO1-C-2-D3 | Wandfluh
AMP2
, . . i T
AMP4 Strain amplifier NTS-1220 NTS
AMP3 | Amp for flow meter FM20 Kracht
FFT Dynamic signal 35670A Hewlett
analyzer Packard
D/F | Damping force Vmax=2m/s | Saginomia
tester | tester
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2.3 Ad H43 T2 &F gy

frooly HaH 54 4¥ A F A
Follolg Wi 48 & A 111010,5}33.,] 50%<%1 5
MPa2 47 g A el ol A] o ol o] B 9} 42 2 o]
WH Alole] Ad #HEE A, FTIS 224
ol X HAgte T53 /‘V\%L‘Jr Ti& HolF
& dHelA Ao un e dsbaRE 24
gto] of ol ol B Wi ¥ & SMPa® g3k 4
AM Eelmols AFE AoISA &+ H
A3 AlF 4 H Al (non-active) Z o] A
Tkt

TEE] e AP KA AR olH
TS e 4 EEFAY T/ E H2E
& wWiB o} =A 4] é‘ﬂ-‘q T2 3 v
4% 50 9 5 A3elolg HAe] 54
& Q8] 9 ]‘:]' AP AE dHA A E
2= 5F A7t AA A g B4 Agelgn
= 24y 54 AYE sk ol = 483
ol 5o A A4 o] HEE 2 (tun-
ing)3l7] 9t F O T HEAF Apofol ufe}
Q& A o} W B o] Ao] 2 g A(control orifice) <]
27), Aol ol B o) W A8 FAWE, B 4]
B g AR o FEHolE e A ARFE =3
Eia=

A 208 AA AL AFA ALEFH T
A= AHE T FEE Il/min, Al =¥ &
10.5MPa® A A 8} 31 o] wff 2Hef-9] 2 & ®is)
of ek F&FS Hhshay] s d w7 E A}
&5t 50E5°Crt A HEF 3T

il

N

ki3
& A
]
g

3.1 +58 T AX0IE 2N =4
Fig 4= £59 A AN 48T Az,
oo o)) = o] 1 SN
EER DT
A Aol h-acm 2 W) E e 40

é
T
=z

oé

ol

I

I\

10 HM2%. 2002 153



Ho
of
et

Damping force (kgf)
300T

-3004
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ment according to the cylmder velocity at passive
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Fig. 5 Pressure variation in compression chamber(at 0.3m/s)
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Fig. 6 Damping forces according to displacement of the
actuator at non-active mode
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