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Stability Study of Articulated Vehicles Fitted with

Hydraulically Interconnected Suspension

LI Hongxue, LI Shiwu, SUN Wencai’, YANG Zhifa
(College of Transportation, Jilin University, Changchun 130022, China )

Abstract: In order to explore the influence of suspension performance and saddle structure parameters on the
handling stability of articulated vehicles,an anti—roll hydraulically interconnected system was proposed for single —
axle semi—trailer suspension. Firstly,the frequency domain model of single —axle hydraulically interconnected sus—
pension was established and verified by the roll displacement transfer function. At the same time, effective stiffness
and damping were obtained according to the theory of complex mode vibration. On this basis, an articulated vehicle
coupling Hydraulically Interconnected Suspension (HIS) model with saddle characteristics was presented to conduct
the simulation. The results show that the hydraulically interconnected suspension system can only enhance the roll
stability of the semi—trailer when the saddle stiffness parameters are not taken into account. When the roll stiffness
parameters of the saddle are considered, the roll stability, yaw stability and coordination stability of the tractor and se—
mi—trailer under the HIS system are improved, and the improvement effect is more significant when the yaw stiffness

of the saddle is increased or the distance between the saddle and mass center of the semi—trailer is reduced. The re—
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sults provide a theoretical basis for the design optimization of the articulated vehicle fitted with hydraulically intercon—

nected suspension.

Key words: Hydraulically Interconnected Suspension( HIS ) ; articulated vehicle ; saddle characteristics ; handling

stability ; design optimization
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Fig.1 Anti—roll HIS arrangement of semitrailer

LAHWEHIR RGBSR, TERRGLANE il
BSOS RGEARG I il FAR A T 2 A A
B .

My (¢)+Cy(t)+Ky(t)=f(1)+F (1) (1)
iﬁﬂfj:y(t)z [z2ei zZw 21 902]5‘:’%?(&@%,2\;1@“ ﬁ%u
Fe . FE NN, HEBTENE, 0, N
FEEMMBA 5 f(0) = D, Ap (¢) B RGN B AR it
157, D R E R G SNSRI AL 3 R , AR
FEFE A = diag (A,,A,,A5,A4,),A1 Ay Ay A3 3 AE
AVESNES 1 A AR (R BF VR AR XS I A 451>
= = R & p(¢) = (py,paspasps)'s M, C LK,
F ()0 2 it BHE B2 R R G4 Y
TE PRI
1.2 BREEBKRGEE

B 2 MR HEEAREE. HA g 9229394



552 8 U A LR R AR B A O RRE PRI ST 23

S S A B R IR IR R, Ry Ry 431
IR sh R L T AE RE AR AIBEE 1, PRAST]
WETCAHER T S RS AR, $E BRI S
J7 W (X1, X2 Frg 5 ) )R 48 B o0 S B ik 1~12 B
F1~127 B, 387 A W TT R 1 326 R B [, 4%
A% 156 RS R A T A 2 I X1 )3 B R o

12 T 0
3 3 ]

B2 RELIKARFEE
Fig.2 Schematic of HIS

Zy :A]]HIZAIOHH'Q’)HIOASH9
s A58 Ay AL, (2)
A A AR RRL AR I A A5 AR 5 2 D fH
JE MBI . Rm B X1 B e Lom A
ALy PR ¢ KRS M

(%)I:ZX](;L),Z (3)
()3, T2t X2, Ho B

2] =2 2], (4)
q q

g b Q (s) MR S P(s ) UL IEAL 33 R
FHRUE B R G BHP U Z (s )R, 456 A 0(2)
~(4)f:

Q(s)=Z"'(s)P(s) (5)
Hodr BHATAE RN

L Za 2w 7

Z(s) = Iy Iyn Ly Iy

Z3] Z32 Z33 Z34
Lo Zo Zs T
X Xh Xi Xb
v lxz‘, Xz]z] e [Xf X3 ] ’

T = =XhIXD  Zw= UXh 7 = X3IX2,

Zyn=Xb - X0 X%/X5 ,Zy = 1/X35,

T = —X2IX  Za = X — XL XA/XS

Zuy =X\ /X5, B EEBHPUHRE 25 TR 9
WERGHLSEL, WX, =AP,V,p,uk,R,Pyt,,
AL AL, HABSE R TR T ISR R pRECC R, B
ESEE W 1.

&1 HIS REAXSHIE
Tab.1 The values of HIS parameters

55 e e ZHUH L&

|4 BRI A 3.2x10° m’

p TR B 870 kg m™
P FHRER I R 0.5x10° Pa

M U S=IDAE: S 0.05 Nes-m™
k HHRER N5y S T 1.4x10° Pa
R B PN N e ERE Y i 3.2x10° kg s m™
P RECTHIET) 1.5x10° Pa
f EGREIERE 0.002 m

A, YEZhs bk 0.004 4 m’
As YEZhAS T2 0.003 0 m?

1.3 HW-BERE RAERBREH
HIS FE AR RN . 425018 3 7 B A Wil
BB RS, BRI ARG RS TR
HZAE AL, MBI A8 B B TR TR RN L L R A I
AR H IO LR ) 22 RAVERT TAESh 3%, ki
ZARR M BE S, Ze VRS gz S B v, 0, 78
BHRAIRE vy SEEEIAE y, 430N R
Uzzj'fwz—}'”v‘*'bzd.)z (6)
V= e — G + behs (7)
G g A A EShgs DI E ¢ Fl qa, B
e g5 F g4 BYEAL, TR

g =v4, (8)

q2=0v.A, (9)

CI3=111A3 (10)

gi=v.A, (11)
F R (8)~(11) B EFIEA

0(1) =AD,y(¢) (12)

Krp:D, MEMALEIERE. =N C12) BT hrE AR
e ACA (D), 155

[s°M +sC(s) +K]Y(s) =F(s) (13)
Krh: C(s) =C-DAZ(s)ADy;F(s) = ' (s)E(s ) Mt
TG A I, E(s) =[x« O O] AP AL A%H
e, (s )R 4x4 JiRE, EXHAZE BRI TT R 5300
NIy =ky, Ty =k, HARTTE N 0. TTRE(13)H UK
BASETEA
M] 0 !
() 17 -k -MC(s)

aliM|Fol

(14)




24 R R AR (A AR BE R 2020 4F:

i —254 X (14 ) B ARy A oA

sX(s)=A(s)X(s) + B.F(s) (15)

A (15)F sy B AR 3R 1V R B S
I8 22 G HLAT RN (R AR R, R R A ) i
TCR S WARIUR A AR AR, PR S AR
BYRSEISK M R G RHEAR , BIFE MATLAB Rk
fif | s1 - ACs) | R/ NP PN T s = a = b1, FF
B4R 2N 2 B ARERE RS A () R aEfTxT b, B
PR AH 55 B &5 R AR R . BT 3R AS A MR 25 i)
FENEAR B R SR SRS 0 G R, RS
AT HIS AN BB, AR 4R HIS
Bl 2F R B SR

2 BZEEA HIS HZh gl
BT = B 0, SREUFE 4 a2 20

FEATPIVES R R IR T, N AL R SRR
G HIS 725 | —FH ) 1 2B A 3 .

B3 AR A
Fig.3 Simplified model of articulated vehicle

S SEPLESUEBTMIEL HIS X404 420 4~ S Fa e
PERCMA AR5, AEHI Z W T B AR ez 8, B %
SRR YN ) R IR G 25 Boe 22 5 | AP HE A
ML 545 A LR A, AR BLOVE#E
& A RO 2 T 5 A2 51 4 R0 4 G e R A
S0l MRS WLER 2.

B | G 12 AR N

R2 REERYESYEE

Tab.2 Values for articulated vehicle parameters
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yaw stiffness are 0
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is not 0 and yaw stiffness is 0
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