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Interconnected Hydraulic Torsion-elimination Suspension System

Wang Ruochen Wu Tao Meng Xiangpeng Huang Huan Chen Long
(School of Automobile and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; According to the principle of suspension constrained minimization, an interconnected hydraulic
torsion-elimination suspension system was put forward. Firstly, the structure and principle of the system
was introduced, the interconnected hydraulic torsion elimination suspension system was set up in the
AMESim and the vehicle dynamic model was established with Matlab/Simulink. Co-simulation based on
Matlab/Simulink and AMESim was carried out to analyze the dynamic performance of interconnected
hydraulic torsion-elimination suspension system. The principle prototype of interconnected hydraulic
torsion-elimination suspension system was designed and its bench test was performed. Simulation and
experimental results were basically identical. The results showed that compared with the traditional
passive suspension, interconnected hydraulic torsion-elimination suspension can effectively inhibit the
body vibration, control the body posture and coordinate the vehicle riding comfort and safety, improve
vehicle passing ability in extreme condition, eliminate part of the body torsion load and perform the real
time control of vehicle steering characteristics.
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Fig. 1  Rear suspension of interconnected hydraulic

torsion-elimination suspension system
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Fig.2 Vehicle dynamic model
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Tab.1 Main parameters of vehicle model

S8 B fE
B m, kg 1380
055 B AR 1,/ (kgem®) 2440
G5 Bh Ak T,/ (kg-m?) 380
AT AR BB R my,, om, ke 40.5
JE AR B TR m,y om ke 45.4
IR by Ky g i/ (KNem ™) 192
GUEECK =5 IN A 1.25
JEMERE SRR [/m 1.51
i fih B — 2 ¢/m 0. 74
JE A B A —2F ¢, /m 0.74
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Tab.2 Parameters of hydraulic interconnection suspension

ZH B fE
HB RN by, K,/ (KNem™") 17
JE BRI kyy iy / (KN-m™h) 22
BB E B %X ¢y e/ (KN-sem ") 15
S B HLBLJE Ry e/ (KN-sem ™) 15
BUAE RS H A2 D/m 0.048
W EF AR d/m 0.02
i B NAE d,/m 0.01
W K /m 1.5
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Fig.3 System co-simulation model
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Fig.4 System time domain response on twisting roads
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Fig.5 Tire dynamic load amplitude
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Fig.6 System time domain response on double lane road
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Fig.7 System time domain response on twisting road
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Fig.9 Frequency domain response of roll angle
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Fig. 10 System time domain response on twisting road
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Tab.3 RMS value of system response on twisting road
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4G F B IG sh BT /N 906. 41 584. 94 5.4

(2) # R RE LT I, 80 M B A8 8 X 2 4 1)
Ao A H ) P RE L A 52 W, m] UG o A A0 A AN R e 1)
JE A ) 28 G0 1) R T B AL R R AR e
FEL S, BN R, A 5T LA 5 A2 A0 A S I
T LS I ) A 0 R 2 ) R

(3) ¥ 15k 91 41178 2% 28 0 % 386 1 2 4 ) 31K
RE J7 A AR R o 9T TR T 18 R R 4 e o
RIR (A AT AT BRI AR e 52 I AT,
YRS BE A7 HE I, I BE T BRSO A B AT A



42 EAFR A R T LR R AR 203

11

12

13

14

15

17

18

20

& % x Wt

BRI , 3R T K, 25 2 T8 2RO R O 4 B 5 Pkl [T ] ROl AL 4, 2011,42(8) + 15 - 20.
Chen Long,Huang Chen, Jiang Haobin, et al. Body posture control based on suspension utility function[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2011,42(8) : 15 —=20. (in Chinese)
Mith M C,Walker G W. Interconnected vehicle suspension[J]. Proc. IMech E, Part D: Journal of Automobile Engineering,2005,
219(3) :295 -307.
Ideout G,Anderson R. Experimental testing and mathematical modeling of the interconnected hydragas suspension system[ C] //
SAE Paper 2003 —01 —0312,2003.
Smith W,Zhang N. Recent developments in passive interconnected vehicle suspension[J]. Frontiers of Mechanical Engineering in
China, 2010, 5(1):1 -18.
SRFLWE. 1R ¥ 2 3 A% B 2L R % . E, CN200810212290.0 [ P]. 2009 —01 —21.
WREAT. M IE SR ARG MBS JA T [ D] KFF 7 MoK ,2009.
Chen Yuxing. Modeling and simulation analysis of hydro-pneumatic coupled suspension system[ D]. Changchun: Jilin University,
2009. (in Chinese)
SRLLHE, 77, RN A5 TR B IR 505 K [T ]. 5 MO 5244 24 R, 2008, 38(4) « 754 - 757.
Guo Konghui, Lu Dang, Song Jie, et al. Test and simulation on hydro-pneumatic torsion eliminating suspension[ J]. Journal of
Jilin University: Engineering and Technology Edition,2008, 38(4) . 754 —757. (in Chinese)
BAEM. MR ARG ) E I R R RBIFE (D], R - R B LR, 1998.
Zhao Chunming. Hydro-pneumatic coupled suspension system theory and related technology research [ D ]. Dalian: Dalian
University of Technology,1998. (in Chinese)
IREL B HASEWIRR SHMALD]. B FFFR¥E,1994.
Sun Qiuli. Hydro-pneumatic coupled suspension system theoretical research and optimization [ D ]. Shanghai: Tongji University,
1994. (in Chinese)
O Hr. A R R AN [ D] R GE FE R, 2011
Fang Xin. Research on connected hydro pneumatic suspension system [ D]. Dalian; Dalian University of Technology,2011. (in
Chinese)
Hayakawa K, Matsumoto K, Yamashita M, et al. Robust H2 feedback control of decoupled automobile active suspension systems
[J]. IEEE Transactions on Automatic Control, 1999, 44(2) . 392 —-396.
BRe, sk R, . ROHTTERE REAR 10 42842 ./ [E , 200810123830.8[ P]. 2008 — 12 —24.
KER. FERERRGRHKE (D], T T K, 2009.
Zhang Xiaoliang. Suspensions employing inerter and its bench test[ D]. Zhenjiang: Jiangsu University,2009. (in Chinese)
PUME BRI IR E B Fem A s R A SR B A ], R4 ,2010,41(1) .7 - 12.
Zhu Hui, Chen Wuwei. System modeling and interaction analysis of vehicle suspension, steering and braking system [ J].
Transactions of the Chinese Society for Agricultural Machinery,2010,41(1): 7 —=12. (in Chinese)
X, XKL, B B, 45 8 T 0065 05 Z0AY 2 E 8 B AR AT B AE BT 5L [T ] AL AL = 4% ,2009,40(6) = 16 -22.
Liu Wei, Liu Dawei,Chen Huanming,et al. Ride comfort of MR-damper semi-active suspension systems based on co-simulations
[J]. Transactions of the Chinese Society for Agricultural Machinery,2009,40(6) : 16 —22. (in Chinese)
TR F . R BRI 5 M ALIR E 2 A R G RS [ T]. DL R4 ,2012,48(6) ;116 — 123.
Ding Fei, Zhang Nong,Han Xu. Modeling and modal analysis of multi-body truck system fitted with hydraulically interconnected
suspension[ J]. Journal of Mechanical Engineering,2012,48(6) :116 —123. (in Chinese)
A4, TS, MR % W BUR s PR e 48 S B B W [T ] RO AL AA 4R ,2013,44(12) -1 -5,
Wang Ruochen, Meng Xiangpeng, Shi Dehua, et al. Fuzzy control of vehicle ISD semi-active suspension [ J]. Transactions of the
Chinese Society for Agricultural Machinery,2013,44(12) :1 —5. (in Chinese)
IV RAELL, SRR VL. PSS AR A2 B AL 86 B O A AL WF5E [T ], 154 72 ,2013,35(10) :868 - 872.
Sun Tao, Xu Guihong, Chai Lingjiang. A study on the road model with four-wheel non-stationary random excitations [ J].
Automotive Engineering,2013,35(10) :868 —872. (in Chinese)
Ding Fei, Zhang Nong, Han Xu. Dynamic characteristics of a tri-axle heavy truck fitted hydraulically anti-pith interconnected
suspension[ J . Chinese Journal of Automotive Engineering,2011,1(4) :415 -423.
Shao Xinxin,Du Haiping,Zhang Nong,et al. Switched fuzzy control of hydraulically interconnected suspension with experimental

validation[ J]. Chinese Journal of Automotive Engineering,2014,4(2) :99 —108.



