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Simulation and Analysis of the Dissipative Control System
of an Active Suspension

YU Xian-li'*, LIU Shun-an’
(1. College of Geo-Exploration Science and Technology, Jilin University, Changchun 130026, China;
2. College of Mechanical Science and Engineering, Jilin University, Changchun 130022, China)

Abstract; A half-car active suspension system model with four degrees of freedom is established and a
strictly (@ ,S,R) -dissipative state feedback controller is designed based on the dissipative system theory.
The system based on Matlab/Simulink environment is simulated and four performance indexes such as
body acceleration, pitch angle acceleration, suspension dynamic travel and tire dynamic deflection are
compared between the active and passive suspensions. The simulation is achieved by the method of time
domain and frequency domain. Results show that, the riding comfort performance and smoothness of

traveling movement of the vehicle are evidently improved by using the active suspension with a strictly

dissipative controller,
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Fig.1 Schematic diagram of the half-car model

with an active suspension system
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Table 1 Simulation parameters of the half -car model

ZH ] B g
m_ /kg 690 1,/(kg:m®) 1222
¢,/ (kN+s-m™") 1 c,/(kN-sem™) 1
kE,/(kN-m™") 18 k,/(kN-m™") 22
m. kg 40 m,/kg 45
k,/(kN-m™") 200 k,/ (kNom™") 200
{/m 1.3 {,/m 1.5

FERGHN L EXELHERAEME B
M EREEEE IREEEMBOEILI T
A TN

Mg=GC/(z,-2,) +GK (z,-2,) +GU (1)
M, z,=C(z,-z,) +K(z,-2,) +K(z,-2,) -U

(2)
Hr,g =[x 0]T§Zu=[zu1 zuZ:]T;zs=[Zsl st]T;

2,=0z0 2,030 =[u u]" RK(1).(2)PEME
REBEE X H
m, 0 m, 0
Msz[o 1]’ =[0 mZ],

. k, 0 e[ 1!
=lo wlesl )

B, M, FIM, Al TRV EK LRENE
BHABARRN
z, =z, ~lisin =z ~1,0
2, =2z +1lsin@=z +16
iz, Fl g ¥EBh 1% LW Bz, =Gy
B R ERE B E LS Az, T HBR S
AR R 2, =2 /G, Vyw, Fob G, W B TH

RYEFEREGY, RERAMANEE w=[w, w,] A
FHE B OMRS.

HBCRAS M &

x=[q" (z,-z,)" (z,-z)" z,]"eR’,

FEVEUY 2 % TR AR 67 A8 1 L AT 30T B R B R
W4 AR EE, W . £ ENEE S0
P B NITRAR RGOS, ok B
) R
y=1q¢" (z.-z,)" (z,-z,)"1"eR°,
BR(DR2), DAHEEEESBRIRESH
BRI A Ry
x=Ax +B,w+B,U
{ (3)

y=Cx+Dw+D,U

HA & TALOERE R (0, M, 53517 2 B 0 58
(R A )

-M]'GC,G" -M7'GK, 0, M 'GC,
Ae G 0, 0, -1,
02 02 02 12 ,
M'C 6 MK -M'K -M]'C
0, M 'G
0, 0,
Bl = 2 = »
27 /G, V,I, 0,
0, -M'
-M'GC,G" -M'GK, 0, M 'GC,
C= 02 Iz 02 02 y
0, 0, I, 0,
0, MG
D1 = 02 ’ Dz = 02
0, 0,



%15

TEHM, &: EHBREBEHAREHE ST 41

2 EHERFEEEH R

NEMRS, A
x=Ax +B\w
{ (4)
y=Cx+Dw
HewBiHREL[0,0) WEENES.
AT LS N
s(w,y) = <y’Qy>T +2 <y,SW>T + <W,RW>T(5)
AHF,0.S R BEFEHLHERE; H O.R BXHRAER,

T

B 0<0'. (a,b), FRBUF [ a’(Db(r)de. 4
0

XA" +AX + W' B] +B,W

K(4) REXT K (5) b4 R HBAERH, KX (4)
RERH(Q,8,R)FEHAY.

A SR (7 ] B FE R R SR T O kL B
MEA(3)RE, MRARHEEU =K, ' K =
(k] K] eR™ HHARRE

x=(A+B,K)x +B,w
{y =(C+D,K)x +Dw
XL E s(w,y) BT AEFERUM FE 00 SR 2

FEIANECHERFE X M1 MERERE W, HE

REEEAER

B,-XC'S-W'D]S XC"(-Q)"+W'Dj(-Q)"”

B -S"cx-S"D,W -R-D{S-S"D, Di(-Q)" <0 (6)
(-@)’cx+(-0)"D,W (-@)""D, -1
PR R BRIYBEERE K=WX " X (Q,5,R) GEiEAT IR K. B SE7E Matlab/Simulink R85 7F X B #L

SR RE T IR (7]
3 HENBESERSH

FRARIBOEEGESE N LEEFZHRBRER
0.01
-0.01
E 003}
0
£ -0.05

-0.07

_0‘090 2 4 6 8 10

tls

(a) HI#E

BEHMAFEGHE, WBEEHATEREK G, =5 x
10 m®/JBHH, EH V, =20 m/s, it THIBE (L, + 1)
EF2.8m, EHERE,MUEHR ARG 0. 145,
2B 2 BT BET S %0 0 % v A B S A

0.01

-0.01

E 0031
¥

2 -0.05F

-0.07}

-0.09 | § | 1 |

t/s

b) 5%

B2 FEYLBERE®A
Fig.2 Random road input
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Fig.3 Simulation block of the active suspension with a dissipative controller
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Fig.5 Pitch angle acceleration of the active and passive suspensions
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Fig. 6 Working space of the active and passive suspensions
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Fig.7 Wheel dynamic deflection of the active and passive suspensions
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Table 2 Performance contrast of the active and passive suspensions {r-m-s)
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= 7./(m-s"?) 9/ (rad+s™?) (z;, -2,)/m (z, ~2,)/m (z,, —2z,)/m (2 -2,)/m
EHERE 0.4118 0.3883 0. 006 3 0.006 3 0.002 8 0.003 2
BB 0.5255 0.428 4 0.009 8 0.007 7 0.0029 0.0029
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