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Characteristics of Electro—hydraulic Suspension According to Hydraulic
Design Variables
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ABSTRACT

Active suspension controls stiffness and damping between unsprung mass and sprung mass in order to increase the ride
quality. However, to increase the riding quality, the handling quality should be decreased and the rattle space should be
increased. So, active suspension should cope with these conflict conditions. Therefore its actuating devices have to produce
sufficient actuating force and have sufficiently short response time. In this paper, the dynamic characteristics of 1/4 car model
with an active suspension is studied according to hydraulic design variables. The active suspension consists of a hydraulic servo
valve and a hydraulic cylinder. It shows better performance when it has more powerful and faster actuator.
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Fig. 1 Electro—hydraulic suspension system

2.2 1/4 ke mHF
Fig. 2 o S&d7IAE s 1/4 2 2d&
TS o] Al2aElL dEle] o] Ast 9l
x,(t) ol™, o] o wEste] AF29 AsAS,
x, () b AL A, x () 7 EEHORE Y
2 AT E Al2=Ho|t), o] A|~Hle] A AL
mg ¥y (1) = kg - (x (£) = x,, (£))+ F, ()
my - X, 0] =—kg '(xu (t)_xs (Z)) (D
ky '(xU (#) —x, (t))_FA 0]
o} o] "t} AVNA, m, & A A, m, &= 2
Fo| AT kv RERaxyo Aol F) & 2
717 AF3 ApAo] ZgstE ot 5w
S k3] ] f1Eke] AHETE
x () | | xs(@)—x,(2)
)?(l): xZ(t) — xs(t) (2)
X () || Xy () —xp(2)
x,(t) X, (1)
o} o] AMestA el Eid A (state  space
equation)< & 2(3)7} Zo] xdH
X(t)=A-X(x)+B-F,({)+ D (¢) 3

172

ATNA, Fylt) =—kg - (xg (€)= x, (1) + F, (2)
0 1 0 -1
00 0 0
A=
00 0 1
0 0 —k;/my, O
B:[O 1 m _]/mU]T

D=0 0 -1 0f

&

LQG H[o{7| MA
LQG Alojo]&
AHQ U %

function), J & T3

2.3

20
=
XOJ 0}

T =2 507 w0 = OF #3107

=%j0°°()?(t)T-Q.)?+R-Fs(r)2)dz (4)

/HR—Z
S
w, 00 0
Q_oooo
“lo 00 O
0 0 0 w



1714,

)

w = FAY Y FEAL ow, =
AgA A e NEA, w, = 24AHRE FEA
Ael, 7HAZFe WA= 2 Ao IS x-S
t}. o] 7}EAFS(weighting factor)d] 243 5o
fake] F# gl AP s B AT B
wEAE 747 1,4, 0.16 S ARgegieh Y

2@l HAdeE Aastee R0 & Take

Aol Al=® A(3)°] LQG A7) AAEA |, w0
B HA A7 gA e

F(t)=G-X(t)=—R"-B"-K-X(t) (5)

2~ o]l
TR

9} 7Lo] T ];ﬂ K = Okg]fs}xqq]i]fsgg

(positive definite symmetric matrix) 224 43+

A Riccati A2 2(6)2] o|t}.
K-A+A"-K+Q-K-B-R*-B"-K=0 (6)

aseg #@r7pgA ZAs7)7F 23 s ok
g2 A ek

=IEE

F,(t) = Fy(t) + kg - x,(¢) 7

2.4 §OU3 2 &N
AR o3 2O0%= Fig. 3 3 o] AdAF
HE 39% 3TE Mrubs drry faad
gz FAsSH ol T, P LAY w)
=S, P t7Igo® RSkl B AWy Wi
A2 dAgeA FEta, FHHEre A &
Lo} W= dAgsicha 7hA s
XXy
il P
'
3| | '
]I
P, P‘__]
R —|
}
X,
Ay
AH
Pll QI[
]
|

Fig. 3 Hydraulic circuit
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Table 1 Parameters of 1/4 car model

Parameter Unit Value
mg kg 250
m, kg 40
ks N/m 1.5 x 10
ky N/m 1.76 x 10°
Table 2 Parameters of hydraulic system
Parameter Unit Value
Py MPa 8
w m*/m 0.01
4 - 0.6
4, m” 5.07x10"
kg/m* 850
B. N/m? 3.5x 10°
T, sec 55x107°
C, - 0.6
x, m 2.5x 107
K, m/Volt 1.66 x 10
F Volt/N 0.01
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