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Abstract

A mathematic model of electro-hydraulic servo driving force control system for a heavy vehicle
hydro-pneumatic suspension was established. Through analyzing the influence of the varying stiffness
of hydro-pneumatic suspension to amplitude margin and phase margin, a relationship between stiffness
of the load and controller parameters was obtained. In order to improve the dynamic performance of
the hydro-pneumatic suspension testing system, a two-stage correction segment was introduced which
can change its gain and its turning frequency automatically according to the stiffness of the load.

Simulation and experimental results both indicate the validity of the proposed control method.
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Fig.1 Block scheme of active driving
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Tab.1 Parameters of hydro-pneumatic suspension

scheme of single air chamber
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Tab.2 Parameters of simulation
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Fig.6 Normal force simulated curve
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Fig.8 Curves of force-condition simulation with large scale of rigidity
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Fig.9 Hydro-pneumatic suspension test table
LRI 2.0 kg 3GESRERAF 4. T8 5 0%
S o falIRIE 7. AR R ST
38

29.5 30.5 31.5 325 15 16 17

IS 1] /s 8] /s

()

FERIEOLT , 2 B T SRS PE T 52 e, 3R Go i 22
S <1 KN(IR2ZE/NT 2.5%FS) , J5 iz 4 8 4 42 1l
TE 5% LA, — I, EFHEE A 0.08 s(E 10b),
IR R EK

5 #RiE

HOE AT E], Y K <K, BHIR3H ¥l R 4
4 W fELA 1 A 2 B LR A A e i 2 4k . fH
T ARG TR, P TR PID 53 75 35 6 AT
FIE, i B4 e M S 008 2 RGP S . X
il 77 32 2 M EE A PR, A IERICR A B . i

34

' 29p)
29.5 30.5 31.5 325 24.5 25.5 26.5 275
IS 1] /s 518 /s
(b)

B 10yl ph 2k

Fig. 10  Force test curve

(a) H AL

el g LA MR B B il 5 vk o
A 2 52 et ) 75 ko B 2R 8 A M BE A A 2 Bt
PR s ) 2R e ) 2 M, DA 1 28 e A MY 2 42
RGN AE AL AT SR RERS PR PR A i Pl PR RE . T
a5 B AR Kcdh v] AT H W E S 454 o O i HA

(b) WIE B 5]

BT (e R 7 R R R R 22N R E R R SR AL, R
PEHRS REAT ARG o BRGTE T 2hd i e 2R
B A R S BOIRAE R RE VI E. 35h,
T ARG IE 8 i W BE g A S A 2 i LRI B2
AHER I o 28 B9l RGP RERI 5

2 £ X #t

1 PN, WL, AR . AR AR AR MR A SO AR R [T ] R E#HRk, 2005,17(1): 210~219.
Sun Tao, Yu Fan,Zou You. Investigation on non-linear characteristics of hydropneumatic suspension modeling and simulation
for engineering vehicles[J]. Journal of System Simulation, 2005,17(1): 210~219. (in Chinese)

2 HEER, 2K, mAesR . <o s U A S R RN B SRR AR SR (1] A AL 2241k , 2007, 38(2) : 35~ 38.
Tian Jinyue, Di Yong, Xiang Huarong. Study on rigid property and damping capacity of HPS with isolated single-chamber
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2007,38(2):35~38. (in Chinese)

3 BRSO BRI AF I R RS T B [ ] AR HLBR AT, 2007, 38(4) : 16~ 18, 80.
Yang Bin, Fan Wenjie, Zhang Zida, et al. Identifying dynamic force of hydro-pneumatic suspension[ ] ]. Transactions of the
Chinese Society for Agricultural Machinery, 2007,38(4):16~18,80. (in Chinese)

4 EzsE, Bl R IERIR SR B R 5 S3,2007(7) : 1~4.
Wang Yiqun, Wang Yanshan. Some developments for electro-hydraulic force control[J]. Chinese Hydraulics & Pneumatics,
2007(7):1~4. (in Chinese)

5 Eyid AR IR RS AERN R, UM RS A 3k, 2007(1):102~104.
Zeng Kejian. Adaptive control of nonlinear hydraulic servo-systems[J]. Mechanical Engineering & Automation, 2007(1):
102~104. (in Chinese)

6 Li G,Khajepour A. Robust control of a hydraulically driven flexible arm using back stepping technique[]J]. J. Sound and
Vibration,2005,280(3~5) :759~775.

7 Sohl G A, Bobrow ] E. Experiments and simulations on the nonlinear control of a hydraulic servo system[]]. IEEE
Transactions on Control Systems Technology, 1999,7(2) :238 —247.



