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Abstract

Based on flow control valve and pressure following element, an improved interconnected hydro-
pneumatic suspension was presented. The suspension system achieved rigid-flexible status switching
smoothly through effective combination of flow control valve and pressure following element, lifting
synchronization of heavy construction vehicle was finally realized. Hydraulic system simulation model of
interconnected hydro-pneumatic suspension was established in AMESim and simulation analyses for
synchronization performance were carried out at variable load conditions. The test bench was set up and
the experimental research was performed. Experimental results showed that synchronization error was less
than 2. 5 mm in the lifting process and suspension cylinder did not appear jitter when rigid-flexible status
switching. The agreement between the simulation results and the experimental data proved the feasibility

of the improved interconnected hydro-pneumatic suspension and the accuracy of the simulation model.
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Fig. 1 Simplified schematic diagram of conventional
interconnected hydro-pneumatic suspension
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Fig.2 Simplified schematic diagram of improved
interconnected hydro-pneumatic suspension
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Fig.3 Simulation model of improved interconnected hydro-pneumatic suspension
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Tab.1 Simulation model parameters of interconnected hydro-pneumatic suspension
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Fig.4 Simulation curves of load pressure
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Fig.5 Lifting synchronization displacement simulation

curves of suspension cylinder
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Fig.6 Test hydraulic diagram
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Fig.7 Lifting synchronization displacement test curves of

improved interconnected hydro-pneumatic suspension
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Fig.8 Lifting synchronization error curve of

suspension cylinder
4 it

(1) $2H T — Bl TR S AT (6 Y it Y %
M TERARGE . LRGN 1 8 1R 42 1] 45 8 2
THEL PR T I o B2 R I o T A T T g BRI AR 4, LR
1R IR R G T AR 1 PO I A R S
P55 SR PR A 1] 52 BLIG vh oy D) 4, e X BB AR
GEI [ 2 TH R

(2) FIATEE L9 AMESim iy AR X sl Y
i A TR R G R A T R AT T B
05 HE R LW % R GEAE T By Bet 57 2RE ) ok, W)
AEAT, 58 52 BN 5 SRR 2 R] A4 JC bl DD 4

(3) #dles & , X o Bl B JE R Gt AT
TR, R F 3R 22 /0T 2.5 mm 45 1B T &
I A e ZR G TC B B, S8 B 1 W 5 SR R 2 1) G
dr g o U A5 R BRI T Bl A i i X AR e
ARG R AT W UE 1 SO B TE A

(4) R 2T He 77 BREE G vh oy Y146 75 5K, 1 22
PEICFTE 2R G0 b BE AR 45 2 A, ST BR 2R 1 o0
PR AR PR BE J1 ZZ I, 32 T RS T
FaE

& % x Wt

1  Moulton A E, Best A. Hydragas suspension [ C]. SAE Paper 790374, 1979.

2 Rideout G, Anderson R J. Experimental testing and mathematical modeling of the interconnected hydragas suspension system

[C]. SAE Paper 2003 —01 —0312, 2003.

(THZ 90 ;M)



90 P S A1 M | = O 14 2010 4

Wu Yulin, Ge Liang, Chen Naixiang. Large eddy simulation of silt-liquid two-phase flow through a centrifugal pump impeller
[J]. Tsinghua University: Sci. & Tech. , 2001, 41(10):93 ~96. (in Chinese)

TR BEUE L ZENE, S AL A RS R PTAR R R T ] KA, 2007 (3) 116 ~ 19.
Liu Dong, Yang Minguan, Li Hui, et al. Solid-liquid two-phase study in impeller of a chemical centrifugal pump [ J]. Pump
Technology, 2007(3) : 16 ~19. (in Chinese)

8 XUHR.BBE, . BOEM R NEEA TR PIV R [J]. Al AL %R ,2008,39 (1) :55 ~ 58,63,
Liu Dong, Yang Minguan, Gao Bo. PIV measurement of flow with salt-out in centrifugal pump[ J]. Transactions of the Chinese
Society for Agricultural Machinery, 2008,39(1) :55 ~58,63. (in Chinese)

9  Schilling Rudolf, Frobenius, Moritz. Numerical simulation of two-phase flow in centrifugal pump impellers| C] // Procedings

of the 2002 ASME Joint U. S — European Fluids Engineering Conference, Simposia, 2002.

10  Shi Depan, Luo Zhenghong, Zheng Zuwei. Numerical simulation of liquid-solid two-phase flow in a tubular loop

11

polymerization reactor[ J]. Power Technology, 2010, 198 (nl) :135 ~ 143.
BRUCE 1 B W1, RE e . A1 L 7 30 900 0% 560 PAY TR0 AR 0 L P9 BT LT ) - R LA, 2006,24.(6) 21 ~ 3.
Chen Cichang, Yang Changming, Xiong Maotao. Numerical analysis on two-phase flow through impeller of low-specific-speed

centrifugal pump [ J]. Drainage and Irrigation Machinery, 2006, 24(6): 1 ~3. (in Chinese)

(L#EE 32 ®X)

3

XIRE, Ewed, HHR. Bl BHEEP =T8RO TECERE R A [T]. MUMH & 5 B 3h 1k, 2006,
35(3): 36 ~40.

Liu Fengguo, Wang Xiaoyan, Feng Shicai. The math-model’ s found of interconnect oil-air suspension vehicle in three
exercise state[ J|. Machine Building & Automation, 2006, 35(3) : 36 ~40. (in Chinese)

FRAE. B RS (] DAL, 1995, 26(4) :11 ~ 14.

Lu Yifei. Characteristic analysis of connection type oil-gas suspension[ J]. Construction Machinery and Equipment, 1995,
26(4):11 ~14. (in Chinese)

En, AR, HE, & S HRESEOT S R E R [T, 5 AROR S A R B R, 2007,37(2)
269 ~274.

Wang Yunchao, Gao Xiuhua, Yang Xu, et at. Effect of hydro-pneumatic suspension parameters on steering characteristics of
multi-axle-steering vehicle[ J]. Journal of Jilin University: Engineering and Technology Edition, 2007, 37(2): 269 ~274.
(in Chinese)

R RASERMABRI AR [D]. B [T K%, 2003,

Wu Renzhi. Testing & research on dynamics of the mixed & separated hydro-pneumatic suspension[ D ]. Shanghai: Tongji
University, 2003. (in Chinese)

A, BREL, BB, . IR R R e R S [T ] A BL A=), 2008,39(10) ¢ 20 ~24.

Yang Jie, Chen Sizhong, Wu Zhicheng, et al. Design and testing on the hydro-pneumatic suspension with controllable
stiffness and damping [ J ]. Transactions of the Chinese Society for Agricultural Machinery, 2008, 39 (10) .20 ~ 24.
(in Chinese)

TR, EREE, TILA, SF. R DS R G KN A LT ] P B Dk R 4, 2005, 27(4) ¢ 364 ~367.

Su Donghai, Han Guohui, Yu Jianghua, et al. Design and application of hydraulic synchronization control system[ J]. Journal
of Shengyang University of Technology, 2005,27(4) : 364 ~367. (in Chinese)

FUT L ARG, INET Y. AT AMESim fBUE ) A FE AR M BCT A S e T (] R0 A R R A4 iR, 2006,
32(9): 1055 ~1058.

Lu Ning, Fu Yongling, Sun Xinxue. Digital modeling of double press axial piston pump and its thermal analysis basing on

AMESim[ J]. Journal of Beijing University of Aeronautics and Astronautics, 2006,32(9): 1 055 ~1 058. (in Chinese)



