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Comprehensive Characteristics of Interconnected Hydro-pneumatic

Suspension System for Three-axle Vehicle

WANG Yun-chao, LIU Jin-giang, LI Yan-chen, XU Kun, WANG Cheng-zhi
(School of Mechanical and Energy Engineering, Jimei University, Xiamen 361021, China)

Abstract: To discuss the relationship between interconnected modes of hydro-pneumatic suspension and
multi-axle vehicle handling stability, riding comfort, 6 interconnected modes of hydro-pneumatic suspension of a
3-axle vehicle were studied. Based on the results from the simulation and the experiments of a double chamber
hydro-pneumatic suspension system, the co-simulation models of the vehicle with different interconnected modes of
hydro-pneumatic suspension were set up by ADAMS and AMESim software. Furthermore, the vertical, rolling and
pitch stiffness and damping characteristics of every suspension system were given. The simulation results showed
that interconnected mode L3 of a hydro-pneumatic suspension system has better comprehensive performance.

Key words: hydro-pneumatic suspension; the interconnected mode; stiffness; damping; co-simulation

0 31§

B R TR B B RARAE Sy | BRRAE . TN SEEOR RS, R R SRk
LRI T2 TR A L I R R A I 2 R R LR R AR R
ARG, T Ao T S R L 3o SR AT , 7 R T R 03 B A e
R A R A B 2 A T S T AR R, I I R R T LA s SRR
fr 32638 7 SR EF AT . B0 . BRI SESh A

I 325308 i A A 2R 6 O 5 S B e P S U il R R T, TR T
ST IR RGBT ) | e LB 4% 423 7 2 10 3 R B O A R B TR A

[WfmHER] 2016 -06 -21 [{&EHE] 2016 -08 -26
[(BEE€TE] EEARRAREREGIH (51575233) 5 HELRANFHFHAFETHIHESE (2011B001)
[EZE®EM] Exl (1976—), U, ¥R, NBEZHEWIH 1 REMEHERGENT

http : //xuebaobangong. jmu. edu. cn/zkb



454 - FXRFEM (AR B2l %

Bro ASSCRIA] AMESim 1 Adams 5075 BT 50 =388 420 B HE R 48 2 Pl it i O X i 2R G W2
FRRHESEAT 24T, X b sl 77 s R HE R SRS R

1 B E S T F S8 e iE
L1 {FE#&EBET

WAEMIBHERFE FLESHAT . GIEANAEN 40 mm; 3G FEFFEHAR 32 mm; WHEREATRER
110 mm; JAERKEEN 0.5 my JME N 10 mm; BHJEFLEARN 3 mm; H[u) TS 524 0. 04 MPa;
EHREGR AN 0.4 Ly EHREAR LTI N 4 MPa,

1) W RS

R E MR RGN TAEFEE, #5487 3T AMESim i 0US S I B R RGHAR,
e 1a s, D5 EAR R ORI FIAT AT 4L G T, B REAY 6 il A E B 2 ET TTATIE, BHJEfL
A ] i P A I IR R B LA AT S AT RS 7 28], SO AR B RS

2) MU R G Al

T Adams BRI AR A B EE VUM A 1b frs, B -5 H i E e 2R, 15 €M S5 5
)% 2 B 2 RO I E SX A RS 3K Bl . (T 6T 5 175 ZE AT v JEE 42 S 20 I 8 o Rl B 2 B Ty, 42 P BEL 7 27
SEHERC AT 5y, BERE R AsAL, ZBEEIE S5 m R Hr s e, Bk, 78
TG SHE AR R LA INEEIE ), ARG G %% S5 Rl BE4EERH 11 T ik i BRI R B 0.3

3) BRGh HARAY

Kl Lo RS ARG BB, 5 ELLL AMESim 2 45844,

a) ¥ K R 48 Hydraulic systems b) ML F 5t Mechanical systems  ¢) B B AL Co—simulation model

LW« I —JCAF I 5 2— A FF I 5 3— B g 1)) s 4—PBHJE AL s 5— 4 ;6 T— & RE 4%
Notes : 1 —camber without cylinder rod ;2—camber with cylinder rod ; 3—check valve ;4—dumping hole;
5—pipeline ;6 ,7—energy accumulator

B 1 WS=EHSEHE AMESIm 1 Adams BX A 13!
Fig.1 Co-simulation model of hydro—pneumatic suspension with dual air cambers
XF T Adams HURGERAY, K475 ZEF 5 BLRARXS BUE | L
Bofe S AE ok th A2 i, AMESim 375 ZE4T-15 (L 4 i) AH XA I 4
MRS, i A Adams i T AR L SR AR T BL0E
B A A e R A BR AR UM SR B S, i
AMESim £ Import Adams model &I Adams 8IS A
AMESim HEf5 4,
1.2 SBERRARE 534 Fig.2 Testrig of a hydro—pneumatic
MR FE BRI & K 2 Frs. suspension system with dual air cambers

2 VWEEBRAIHA

http : //xuebaobangong. jmu. edu. cn/zkb



55 6 11 T, % G TR R R M LR S R - 455 -

TEHIA 0.5 Hz R 10 mm BIESZAE SAETT , XFLE 1 il SRR AL RS L B R L A 7 FL SR 45

R, R 3 R, S RIGE 1A U AR AR IR Y

3000 - T 3000 - T
{J5 E Simulation )7 B Simulation
. % Lo Experiment e ‘;& 3 Experiment
2500} 2500 i
z
3 S
< 2000 é 2000 .
:
-E 1500+ = 1500 .
= x|
10008 1000¢ 1
. . L 50 . . i
59 .010 -0.005 0 0.005 0.010 '804 -0.02 0 0.02 0.04

37 # Displacement/m

BHEE Velocity/(m )

a) P B FEPE Displacement characteristics b) # B REHE Velocity characteristics

B3 fUBiFEfEERYE (A=10 mm,~=0.5 Hz)
Fig.3 Displacement and velocity characteristics

ZHEEFNSEENEEATXSITER

EBEARX D

AT T 6 Fb =l Al B HRRTEE 5, A SURARSH U] 4a ~ 4f BR

i e = 4

Front-left suspension

oh A B i 5B

ey |

0

Jr e
Rear—left suspension
AN

a) M JE L 1(L1)
Connected mode 1 (L1)

A7

Front-right suspension

SACAR X e
Middle-right suspension

/
#

Ja

Rear-right suspension

b) i8I 2(1.2)

Connected mode 2 (L2)
i 1 o | [
=70 ! . Q _
o Jptrgl
U - | o1 A

c) EiEIERX 3(L3)
Connected mode 3 (L3)

.

—=
|

f) I 6(L5)

e) EMIE X 5(L5)
Connected mode 6 (LS)

Connected mode 5 (LS)
B4 EMZEBEBAXMMSBERS
Fig.4 Connected modes of hydro—pneumatic suspension systems

d) ZEE g 4(14)
Connected mode 4 (1L4)

http : //xuebaobangong. jmu. edu. cn/zkb



- 456 - FRRE (AR

521 %

2.2 HSEHIEEATANHERR

PR R FERTB A LA |, 32 H Adams 5 AMESim X 45 1% 38 J5 X i il A8 HE R G 04T

SR EAFE

K5 i L &l G OB R B IR AR, Adams A58 b 25 il il o4 0 B 1ok J3E 72
VBN AMESim W RGEMA , I RAE MR R G 1 122 A0 Adams BV A, 38 I 1 1 R

i
AL R GG MU R el 1 L

B5 L1mSEERFKAKE

Fig.5 Co-simulation model for hydro—pneumatic suspension systems
PRA B = B R R 6 FESHWE 1,

*1 ZHBESEERZANKTEETIESH
Tab.2 Main parameters of three — axle test platform for hydro — pneumatic suspension systems

sy FmR TUBE g 12820 SEIGE ITICNR S

Parameter ™ e VR et a2 MOpementel el
& /m m and 2 ale/m  and3 ade/m (kg .m?) /(kg-m’) /(kg-m’)

FUHE Value 2300 1.2 1.4 1.0 1.0 182.0 505.5 323.5
3 REERABEHNSEEZRZEAHESH
3.1 EHERIEMERSH

FYREE LR R REEERE A
JEULSE, AT, (RIS DT IR 2
LHEI—A> 2 kN BT 7 BT BR T, e 6 B, 3 19
4454258 97 SN R A AR £ vo00]
TRUR, Hob 0 ~4.5 s WEERE BTN S o
. 4.5 s TR SIE I F 6 B REGK DT Bt £ v
MR, BRTAGA B AR R B T IR T e © &6 8 0 1
WAEH R, W7 TUEH, L ~16 % B ] Timels

bt 75 AR R R G EL NI AN e e

http : //xuebaobangong. jmu. edu. cn/zkb Fig.6 Curve of vertical force

El6 mmiERSML%



56 1 T, % G TR R R M LR S R - 457 -

DO, IS A RS

%Tﬁéﬁfﬁﬁﬁ%%%/%é‘bé’]ﬁﬁﬁﬁ AR B A BN 1 ~3 kN 6 FiOAR[R R g, fiiE
TR A R R GRS TR 22 F1’EEH%{IH%E—T£%?$ENUF Mgk, W8 fin.

8 EXJJ&EmT%%Eﬁ%&%%EEWUEk/J , LI~ 16 3 xR H R ST 2l EL NI B TC I 2 22
5, AEARS TS A R EE RS, IR, P L1 ~ L6 EEd A R T4 s 4 Pt .

ERL

g

¢ o(f\m ]
= ; R 5

'-(g g -10+ w==TIndependent 7
23 L

2820 T L2

52 —— L3

>dgor [0 L

;%«& = —_— L5

s o

& 2 400 =

E =]

ﬁ; 505 2 4 5 8 10 12
A I [8] Time/s

B7 E5EEMNBIWEME

Fig.7 Vertical displacement response curve of car body
3.2 MENIEFNEE RS 4T

Sz Sl T h e R SN EE FRHJE
RIE, M4 I PERE . RS AT S AR T O A it o
— 6 kN SERGE.0 ), BRI 9 fizs . D E o HTiis
#FEE G U HER SR A SRR, Wi 10 frs.

M 10 AT LA Yy, L5 3 3 = 4 B 040 £ 4 K
e 7 AR I Sl B B A, ROBTRELJE fe /v L1 ~ 14 #
Lo M f AT &, Jfdsly, DA AN 9 5 0 B
JesoR, sy OB AR JE AL T ]

53 NIRRT AR ], R AR A A

3 W E 1 Vertical force/kN

3.0
257
== Independent|
20+ L1 1
-—= L2
e L3
157 — L4
— LS5
== L6
1.0 : : : :
0 10 20 30 40 50

T [1] 28 JE 4 Vertical deformation/mm
8 EHNEME
Fig.8 Curve of vertical stiffness

1A 4% F 1 Lateral force/kN

1 2 3 4
5} [8] Time/s
B9 MmmEiEmhek

Fig.9 Curve of lateral force

TBH 2 ~ 10 kN S R FEIR/NERE D1, IR A B R GBI fh 2,k 11 B,

2.0

—_
W
T

o

=== Independent
““““““ L1

{5 /5 Rolling angle/(°)
[}
in

A ] Time/s
B 10  ZE 5 M7 f 0 Az fh &
Fig.10 Response curve of vehicle rolling angle

WA T ATLAE Y, 15 R R SR MBI N,

5] 77 Lateral force/kN

| //

- ——Independent
6 ‘,/ e |
/ . —- 12
o -— 13
41 '\I\ == 4
/ s -= 15

/ - 18
/\
2 V4 L 1 A L

0 0.5 1.0 1.5 2.0 2.5 3.0
M5/ Rolling angle/ (°)
B 11 s fe N 2%
Fig.11 Curve of rolling stiffness

L1 ~TA 70 16 MRS, Az XAk THhra),

S AN TR R G A BT K ABHJE B el 1, L1 ~ LA R L6 438 J7 sU7E /N R G 3
WIEE 26 R IR T R G M NIEE, Pt L1 ~ LA R L6 5 i i % 2 n] LU g P 2 3% ) 1

http : //xuebaobangong. jmu. edu. cn/zkb



- 458 - FXRFEM (AR B2l %

5 Z A F )
3.3 {i{DRI EZFNFR 53 4

B RHI 32 Bl 4k 2 2 e AR G MY 5
L e R E 1, 20 DT s Sk PERE . X B 4R 0K
BRI HE N — A~ 15 kN Ghia 5k gy, Bk an &
12l

MIE 13 LA A B R G L6 4 B

—_
9]
T

J—
[e]

217 JJ Longitudinal force/kN

st
i, thgdisham K, Brik Lo R £ Wi 2 A1 fH

Je B/ L3 F LS ARFA A v 7 i £ 5 5 HL IR #f B 0 ; ; :

AN, MEIEATCW B, UiBH L3 A1 LS ARF40 £ Wi A0 ! ot %me/s 3 4
RHJE B K5 45 50 b Sz A LA RFA0 £ o iy ity 2 6 AR F H12 HEEBHHME

4, /M L2, L2 /M F LI, Fig.12 Curve of longitudinal force

X R ARG O N 5 ~25 kN B 5 MORRIGA R L 7, 0 BPR H4i R H R G IR A £ W1
JEhZk, i 14 s,

M 14 fTRIE Y, A THAEE A, L3 LS & 77 S0l B HE R SR MA NI ok, i
SRR RERR AT o

g
=]

== Independent
- L

—_
O}
1

—— Independent

—
=

o
n

(=]
T
|
\
N—
~
2 1Y
i ’
i
1
I

P Pitching angle/(°)

Y\ 1] 71 Longitudinal force/kN

2 3 4 5 6

-0.5 .
1 2 3 4 5 6
5 [6] Time/s A £A Pitching angle/( )
B 13 Z= 4% {6 100 f Wi Rz B &% B 14 {40 R &
Fig.13 Response curve of vehicle pitching angle Fig.14 Stiffness curve of pitching angle

LA T A I TR R LT 1] . DUSTURIRHAID A K 2RI JE AP T, e 7 b L3 Rl ek
AGLEATERE AL .

4 Rt

SCHVEESE T AR A5 RO [ 7 R IR R A DT R, RS ST T A
MR RGO DU, RO AR BB b, AT AR L T 4

1) GFXFEEIZE, $i 6 Fh i A R R G

2) T oA 7 R 5 R B LR R AT R

3) BEADIELMTEE AN, MRS TR RS, L - L4 I L6 % B 2 1E R R R 4 T
RIEEFIBLIR (40 T, Bk R G M A1 W FOBELJZ , 80107 M - 1 2 05 - e 52 ) e e 2 10
FE

4) BEAA IR R G . SRR 60 R B FIRELIE A3 AT 45 S AT, 13 BB R S
kA

AR S B 2 S R R AR RIBELR A VRS4RI T A R 7 i, [ AT o 2 B AR R
G 83 7 A BT S BRI S

http://xuebaobangong. jmu. edu. c¢n/zkb



EH

6 1] T, % G TR R R M LR S R - 459 -

(1]
(2]
(3]
(4]
(5]
(6]
(7]
(8]
(9]

[10]

(11]
[12]

[13]

[14]

[ & % 30k ]

RAE. MR RG S AR EAAR ST, BUM . BTILRE, 2009,

XN HE R 2 B A I R R ST, dEat: JERUHITORY:, 2015,

CAO D P, RAKHEJA S, SU C Y. Roll-and pitch-plane-coupled hydro-pneumatic suspension. Part 1; Feasibility analy-

sis and suspension properties. Vehicle System Dynamics. 2010, 48(3) ; 361-386.

CAO D P, RAKHEJA S, SU C Y. Roll- and pitch-plane-coupled hydro-pneumatic suspension. Part 2: Dynamic re-

sponse analyses. Vehicle System Dynamics. 2010, 48(4) : 507-528.

BARME, REIE, J7I, 4. HET ADAMS/Simulink/ AMESim 03 0B S05H BE A IEPEARBT. 4l BLIRAE R, 2010,

4(10) ; 11-17.

FRAE, Bafe. LT LR E 0 SO SR N S B A S B, PR3h S by, 2011, 3(8): 133

138.

Exga, ate, ek Al G UBAECE R R R Al TR, 2012, 8(5) : 60-65.

EH. ﬁﬁﬁﬂﬁﬁimﬂ?ﬁ PERERTSE. KA. bR, 2007.

ExM, WEE, BE, F OB ERESEOT SRR . 5 MO R (TR, 2007,

37(2) :269-274.

EDCF, KIS, BRASR. RGEE M TR E R E R R SIPEREVI . R SR A AR, 2003(4)

7-11.

KA. ZRE RS G AR GO, diat: U TR, 2015.

AR, BR, ARG BT 2R Ol R SR ST ARSI EBE DTS k3l S bty 2013, 32(12) ¢

144-149.

fikat, FRIEEF. LMS Imagine. Lab AMESim R EE@B T EH S % T Jbat: U R as it K R ik,

2011.

ZEVEE, AT, M7, 5. UL RSSO E SRR GRS, JERt: T kA, 2010.
(REHE K & XXHER BF58)

http : //xuebaobangong. jmu. edu. cn/zkb





