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Equivalent Linearization and Vibration Displacement Probability Distribution of
Hydraulic-pneumatic Suspension System Stiffness Calculation

LI Chen, FU You-bing, ZHANG Sheng, WU Xue-lei
(Beijing Institute of Space Launch Technology, Beijing 100076, China)

[ Abstract |

was equivalent by statistical linearization methods. Based on the 2-DOF vehicle model, the response characteristics and probability dis-

For the nonlinear characteristics of Hydraulic-Pneumaticsuspension system stiffness, the linearization of its elastic force

tribution of the suspension system vibration displacement were obtained. In that way, the design basis and calculation method of the
suspension system height limit were proposed. The simulation results show that the design basis and calculation method have high accu-
racy and engineering application value, which can provide theoretical basis for the actual height limit design of hydraulic-pneumatic
suspension.
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Fig. 1 Hydraulic-pneumatic suspension elastic force curve
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Fig.2 2-DOF vibration system model
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Table 1 Probability that the vibration displacement of the

suspension system is within the range of u + Ao

A 1 2 2.58 3 3.29
P/% 68.3 95.4 99 99.7 99.9
(1-P)/% 317 4.6 1 0.3 0.1

5 RBEUIFFMIIE

KRS A B AR DA A7 3 et 5, A
KO EHSHINZ 2 FioR .

®2 HESH

Table 2 Simulation parameter

SHAH eSS
FEHTHE my/ kg 4400
AT A m, kg 600
WHRS S Py/MPa 3.0
B R R VoL 2.8
B RGELNEE C/[N-(sem™") ] 9 703.75
G AR PERIEE K/ (N-mm ") 1173

DL D 96T 60 km/h A3, 1A 5 B4
PRENIALINEE Ry —5. 032 9 mm , BARBN( FE bR 2=
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Fig.3  Simulink model of the time domain of road roughness
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Table 3 Equivalent linearization system characteristics

i A/ BAURBAEE mm RPEAERIE
%% (km-h™) i Bl ky/(Nemmh)
20 -0.1114 4.2523 310. 700 7
30 -0.166 9 5.207 9 310.790 8
40 -0.222 4 6.013 6 310. 881 4
B %
50 -0.277 9 6.723 4 310.972 5
T 60 -0.3332 7.365 1 311.064 1
70 -0.388 5 7.9552 311.156 1
80 -0.443 17 8.504 5 311.248 6
20 -0.443 7 8.504 5 311.248 6
30 -0.663 9 10.415 8 311.623 4
40 -0.883 0 12.027 2 312.005 5
C %
50 -1.100 9 13.446 8 312.395 1
i 60 -1.317 8 14.730 2 312.792 1
70 -1.5335 15.910 5 313.196 3
80 -1.748 1 17.009 0 313.607 8
20 -1.748 1 17.009 0 313.607 8
D% 30 -2.5955 20. 8317 315.3250
40 -3.4253 24.054 4 317.153 5
it 50 -4.23717 26.893 6 319.089 8
60 -5.0329 29.460 5 321.130 3
20 -6.572 6 34.018 0 325.509 9
£ 30 -9.456 3 41. 663 4 335.369 2
[ 40 -12.094 4 48. 108 7 346.525 0
50 -14.506 2 53.787 2 358.791 5
60 -16.711 5 58.920 9 372.005 5
F o 20 -20.579 1 68.036 0 400.732 0
30 -26.603 0 83.326 7 464.597 1
i 40 -31.014 0 96.217 4 533.632 7
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