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Design and Simulation on the Optimal Control Model of Hydraulic Suspension
System for Assembled Semi-Trailer
TIAN Jin—yue, LI Guang,TIAN Gang o
(School of Automobile and Traffic Engineering, Jiangsu University,Zhenjiang 212013, China)
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H [ Abstract] The research is based on a random road input model and a dynamic and mathematic mod-
; el for hydraulic suspension of the front module of the semi~trailer,and by using the optimal theory,a LQR i
3 controller is researched and designed.By means of the software Matlab/simulink,the simulation model for
? the hydraulic active suspension is built.The result showes that compared with the passive suspension by s
3 white noise ,the hydraulic suspensioﬁ with LQR controller is superior both on the fields of acceleration of }
g body’s roll angle ,the dynamic flexibility of suspension and the dynamic load of tires, ensuring the levelness
:
2

of the platform and height change range of semi~trailer ,enhancing the stability when the assembled semi- €

trailer travels.
Key Words: Assembled Semi-Trailer; Hydraulic— Suspension; Optimal Control; Simulation

O O T I R I O R M g P P

BN BN BN BN TN B BN BN B B BNV BN TN S BN BN

o ERSHEE.THI6 LHKERIRED:A

1 51F

BRREENEEAERS  EMIBRZERTE , LE
Wk QM AIRSh . MERIRA TN SRRS , BT A e S
B BT E A, F AR X shish | EahiEH
F E s, B RIS AT ks R B DR R T IZ A
BHEPA, T ERvE R R ) B B AR A PT A S LS — M R
AFLIR AL RO, A5 H— M RS R
FARE R, B TR AR R R, 1 TRsCH, Hm
TEEBR TR BE PSR T 132 B ST, iE e A e H % = Hh
BB RIHAT I B AT ;4 XS G g 3 B AR B T O R T H
BHERY FEM A IE R, RS R AR TR LA R
BRERIRIL, 183 TR B LT RN R SRR E .

2 BB IRRRE T

TR SRR RS TR R A, 4 |
B

RIS R ARG TR

X=AS+BU+FW
Y=CX+DU (1)
* KRG H . 2011-11-10

| ﬁ:CPX~3bE7‘§’3’2§,U—?§ﬁ?’JFﬂ§,U=[U1 'Uz ’Us ’U4 ’Us ’Uo ]r;

w—iEh &, W= {wl s Wy Wy, Wy, W, W ]T A—RGEHE
B s B—¥E HISE RS s F—IU B G s C—3d i B G s D538 48
%, RGN — Y BREF RS A ,B,F,.C,D.

Bl 1 SRR LR h B

3 R RARAMIE RIS R
RSO Rk R RSN S H — R et L
B R SHOBISA T, SRR S AR R B AR BT
SO S OB DI <A S BIARAT X MR B



64 HEEE AR FHERERRENE AR B hIEH B R A %9

PIEHATREVE A% h 12 AR R B A4 il 35 B T8 bR o (KL R —
WERIR SRR BT R R EIR J =X

lhdi +‘12k: (2,2 )2+‘I3k§ (2,72 )24'
- q4k2 (2325 ) +q5kf() (24204 ) +
,/=]IH]: ;‘7 In %kfl (25_205 )2+l]7kT2 (2620 )2"' de (2)

2 2 2
qs (z7—zl ) +f19 (ZS 2 ) +q10 (Z‘) 23 ) +

9y (7'10_24 )2+[112 (Zn —Zs )2+q13 (zlz_zo >2
RO RS TRY =CX+DU LA AT DAL AR 2598
YRR G IRRERR Y
J=lim 17 ] , (X ox2x" NUAU RU e (3)
H,0=C";qC N=C' gD ;R=D'D

4 {5 ERBRIE ST AR A
41 FREREST

FJ Fl MATLAB/Simulink #7284 R BB O3 09 T
B R R GBI RS R EALR R 2 BRI EEEIE N
10s, %3 18km/h, SBEENTE] 0.005s, BIRIKSERI, N 1 fims,
BT ASELR IR MR A, 7E MatlabSimulink HSZET AR
HEW AP 3 R . ZE4AE B USRI LA 18km/h 11900, (HEAS
FpRE B ARG S . BAMEER Z BST A A B A IER
Mo RIRIERARE SRR A « Ar=afvos 55 AT S IHAL R : Ar=2a/v,

Clock
white -
noise ] : N __—__EI:
m did1 ——-»El
ﬂ >@—"_"miw dedi —>g

2y St di2 —_’{_E—l

m active suspension did4 ______.[1:3]
dtds —PEI

did6 "““—’@
sws "’“"E

il R |

passive suspension sws5

ot —— = o

display

‘ B2 {5 ERER Simulink HER
#£1 LAhEERERSY

T ANEE (m/s*s )

BREERET(N)
!
s

BRBIEE(N)

EWERESN 5 g By
EnmE m, 96000 kg
ERmE My, Mo, M3, My, Ms, Mg 150 kg

FCBE 1,3 BIRYIE RS a 15 m
FRC B AR R AR b 1.0 m
BRI ki kaks,kayks, ke 20000  N/m
RN by ks koo ko kn ki 192000  N/m
BEEHE C14€2,C3,C4,C5,Cs 2100 N-'S/m
55t y WL EHR R 1, 73500  kgem?
A SRR I, 18000 kg-m?

A 3 BT Simulink HEK
42 AR

DB BT HRAR A AR, aniE 3~ 6 BT

BHBIEF(N)

1

=4
=) n

!
e
n

0 1 2 3 4 6 7 8 9 10

5
B E) ()
B 4 F () 3N B 54 S MG A s BE X H

1500+ | | | | | | | l -: w5

:

AR
o 8

: |

L
th
3

23 4 s 6
a ) (s)

() ZEATRR G BBRATAT LS5 SR
2000
1500}

1000} A,

| '\ "
Iy

1 2 3 4

o &

| |
g &

-2000
0

56 7 8§ 9 10
At (s)
(AR RSB AR

0 1 2 3 4 5 6 7 8 9. 10
Affal(s)

()VEEF SRS LU LR

6 7 8 9 10

X L L s
1 2 3 4

5
B ] (s)
(DB PEAEBERATH HLE5 R



No.9
Sept.2012

PR B &) 65

1 2 3 4

5 6
AfiE] (s)
(e)ESERRATIER T LR
1500 e
1000
z 500
S
- 0
?;:—500
~1000
a1soob—— . N——
1 2 3 4 5 6 7 8 9 10
B E](s)
(DBEEFHEHERIT LR
B 5 F () NBIRE AR BHITXT A
oIS—

BRYFTE(m)
b
3

|
o

-0.15
) S — —
0 1 2 3 4 5 6 7 8 9 10
i (s)

(a)ZERTBIRENT THERS LhAs R

1 .2 :; 4 5 6 7 8 9‘ 10
BFR (s )
(b) AT BN TRENT L2 R

BNFTR(m)
o
5

1
©
=

1 2 3 4 7 8 9 10

5 6
W) (s)
()P BERBI TN R

1 2 3 4 5 6 7 5 9 10
A (s) )
(A PR TN h 2R

Ll
0.2 —Hs [

2 3 4 35 6 7 8§ 9 10
a1 (s)
(e)Zo S5 BAR A TRERT L2 5

1 2 3 4 6 7 8 9 10

5
IHE)(s)
()47 5 BT AR He
Bl 6 E(8)harahiTrant
5 458

R 4 FIR 72 AR T, S8 B A b R TR LR
HIATREEIRA R T S MR R, 4 SR v
B ARTAHEE TR, i 5 TR, Sesh 84T, R
Fim s h H R RS A R T 5 ah B e, e Eahis
BV BB EE AR TR AR BhAAT HURRE A A T 4T3
PAERETE, I 6 W, 5P BAALL, R AR TR R
SR N RIS TER, BEMPEE T H SRRSO G ARE
VAR N T B A PR AL AR , BE— PR T R AT RS I
P A TR PR AR F A E MR R PRI T3 B
AR, R T AT L e R E v
SE& 3k

[1] Williams RA.Automotive Active Suspension Partl :Basic Princi—ples[ﬂ.
ASME Proc Instn Engrs, 1997,211(PartD): 415-446.

[2] Williams RA.Automotive Active Suspension Part2: Practical Considerati-
ons( J J.ASME Proc Instn Engrs, 1997, 211(PartD ):427-444.

(3) ¥ 2, #ipA BT R e #5585 F e B e H [ ) Rsh
EpEshileER , 2004,2(4): 71-76.

(4] 480k, BIEE , ML 500 F 3l 828 BE R LQG 2RI L R K
2£4%,2004,16(10):2340-2343. :

[5] FEE RIS LB IM LI IRIE MR Tk 2 iRt , 2005.

(6] 2= E B BB RSEMAIM ] AL BB Tl iR+t , 2006

(1).
[7] X059 FRACE 3RS M AL AL Tl 4 AL, 2000(5).



