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Fuzzy Control of Vehicle ISD Semi-active Suspension

Wang Ruochen' Meng Xiangpeng' Shi Dehua' Chen Bing' Chen Long' Xi Ning’
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Abstract. ISD suspension has been widely studied by scholars, while semi-active control study on three
components ISD suspension is still unsatisfactory. To study the influence of ISD semi-active suspension on
automobile comfort and safety, a 2-DOF dynamic model for automobile ISD semi-active suspension was
established. Simulation analysis adopted fuzzy control method with body vertical velocity and vertical
acceleration signals as the fuzzy controller input was carried out on the suspension system. On this basis,
a fuzzy control system for this suspension system was developed and designed by dSPACE, and its bench
test was performed. The responses of ISD semi-active suspension to random road input at different velocity
were analyzed. Simulation results were in agreement with experimental results. The results show that the
mathematical model of ISD semi-active suspension is correct, and the ISD semi-active suspension with
fuzzy control is superior to ISD suspension in damping suspension vibration as well as in improving vehicle
running smoothness.
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Semi-active suspension model of 2 DOF

Fig. 1
MR AR Aty H sl Sy 2= T R
mz:z.z = —k2(22 _zr> —02(22 _ér) _bz(.z.z _.z.r)
m,z, =k (z,-2,) +¢,(z,-2,) =k, (z, —-2z,) - F,
ky(z,—z,) +¢c,(z,—2z,) +b,(z,-2,) +F, =
k (z,-z,) +¢,(z,-z,)
(1)
X m—FH T m,—3% I i
k,——55 1 B
k,——%55 2 9% B LRI E
51 RELHE R
52 SR R
b,—— 1 FE a4 R4k

€y

k——R MR RIS
2 D A2
z,— & LR

2, —— BRI 3 L

AR G0 A8 5t F i 1 728 o
X = (ZZ T 253, T 21,3 _z0’229é,aél)vr

.. T
z:(ZZ’kL(zl _ZO)’ZZ —Z15% _zr’zr_zl)

IS - & W i DR ANl [ B aa W)

x(t) =Ax(t) +B,z,(t) +B,F, (2)
{z(t) =Cx(t) +DF,
Hr
r 1 -1 0 7
1 -1
0 1
I S S RS
A: m, m, m,
ky _C\ckI 0 B ac,
b, 2 My b, bym, b,m,
0o Bk oa e
L m, m, m, m; |
B,=[0 0 -1 0 0 0]
1 o 11"
B,=({0 0 0 — -—
: [ m, m,b, m,]
[0 g g s o]
m, m, m,
0 0 k, 0 0 0
C =
1 1 0 0 0 0
1 0 0 0 0 0
LO 1 0 0 0 0 J
1 T
D:[— 00 0 0 0]
m,

a=b, +m,
2 EMERFESHBRFE

VeI 2 R AN ISD A ZR AR A 1) 4= B 7 T ik
JEAG S e S B T N B AR AR e AR S B50RY 44 i
a0 LGS i A S o Al s B AR A% 7Y BH e
U,

XF A R ARR O T IR S RO AR
g, BEANB(FK) NM(firh) (NS(Hi/h) (ZE
(%) PSCIE/N) PM(IEH) \PB(IER) f o Jyilikfp
HAAERAR A SR &R ESEELMEEFES e 18
BN - 6,61 K4 By o EOE T AR AL R e, BB
R -6,61 &M MigEB R -7,71 . AL
e Joe, i R u AR 48R TR X SRR B
B, BOBIAE RN R 2 BOCHR (7 ~ 8], (i HAE A
e 2 iR

W53 LA w =50 km/h F1 u =80 km/h )%

B =ac, +m,c,



55 12 1) AR S5 R A PR A% 28 T 3 B A O 45 3
N[
Scope outl —p{ ]
Outl | Inl
KM
EETE PN
Out2 > ]
E BADPSE
Gainl Rl [7] —bM—»@—»m
L » L ‘ Outs o ]
s Memory Fuzzy Logic Gain
Integrator  Gain 2 Controllerl ISR TEG NIk E

&l 2

ISD 2 3= 5 8 2R 47 il 22 48 0 H A 1Y

Fig.2  Control system simulation model of ISD semi-active suspension
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