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A Parameter Sensibility Analysis of a Hydraulic Suspension
System Using a Sliding Mode Control

4 %8
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Key Words : Sliding Mode Control(&&t0]d FEA|¢)), Hydraulic Suspension System(f+$t2] @7FA| %),
Robust Control(7F¢1 A oY), Parameter Sensibility(BA R THEE)

Abstract: The most vehicle active suspension systern is activated by a hydraulic source and transmission
system which has nonlinear characteristics. Even though we have designed a proper controller for this system,

it sometimes cannot show remarkable performance characteristics because of many factors that undercut the
performance of the hydraulic system, such as nonlinearity, modelling errors, parameter variations etc. So, the
robust controller that prevents a system from lowering its performance is needed. In this study, the sliding

mode control which is the representative one of robust controllers is adopted to investigate system parameter

sensibility. As a result, the sliding mode controller shows robustness to the system parameters variations relative

to the other controllers.
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Table 1 Physical parameter values for the system

parameters values parameters values
M 1615 kg ky 17658 N/m
my 80 kg Ksr 14715 N/m
my 57 kg ky kir 183887 N/m
I 460 kgm’ bt 0785 m
I 2460 kgm’ I 1.035 m
Cs 1950 Ns/m Ir 1.845 m
Csr 2449 Ns/m
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Table 2 Standard variation for varying damping

coefficients

Items Passive Optimal VSsC

Vertical acc. 8.42707E-02 | 5.06431E-02 | 1.28124E-03

Roll acc. 4.58882E-10 | 3.23908E-10 | 1.90209E-11

Pitch acc. 8.76728E-02 | 5.05663E-02 | 1.31409E-03

Suspension travel |7.38440E-04 |6.66211E-04 | 1.59210E-06

Tire deflection 7.11344E~04 | 6.51139E-04 | 1.11630E-06

Vertical dispiacement | 4.81384E-04 | 484764504 | 1,19436E-06

Roll angle 4.62535E~13 | 2.74873E-13 | 1.01025E-14

Pitch angle 1.91411E-04 | 1.22687E-04 | 2.32725E-06
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Table 3 Standard variation for varying coil spring

constants
Items Passive Optimal VsC
Vertical acc. 2.51288E-02 | 1.44146E-02 | 2.15838E-04
Roll acc. 9.12957E-11 | 2.06657E-11 | 3.11996E-12
Pitch acc. 2.39861E-02 | 1.35473E-02 | 2.11369E-04
suspension travel |4.65239E-04 |3.84527E-04 ] 2.11819E-07
tire deflection 1.94385E-04 | 1.78070E-04 | 2.46984E-(7
Vertical displacement|1.12257E~04 | 1.10264E~04 | 2.23421E-07
Roll angle 2.35154E~13 | 3.38450E~13 1 9.18340E~14
Pitch angle 2.30612E-04 | 1.41015E-04 | 1.66811E-07
10
& ——vsc
(8 0.8 . .M,ugpﬁmm
2 - ---Passive
% 0.6
S
% 0.4
(=]
@O
502
2
< 0.04 B
0.0 1.0 15
sze (sec)
(a) vertical acceleration
0.008
— g, ——vsC
E o008 i3 - Optimal
§ ;E; - - - - Passive
§ 0.004 I
2
o
8 0.002
<
0.000 4 Lo, -
0.0 05 1.0 15
Time (sec)
(b) suspension travel
0.008
— ——vsC
£ 0.006 4 - Optimal
5 - - - -Passive
k|
& 0.004
]
2 I
20,0024 |
g IR
0.000
00 15

m24

Tume {sec)

(¢) tire deflection
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Table 4 Standard variation for varying tire spring

constants
Items Passive Optimal VsC
Vertical acc. 2.60017E-01 | 1.54823E-01 | 1.42105E-01
Roll acc. 1.21226E-09 | 5.51403E-09 | 3.20001E-10
Pitch acc. 2.45399E-01 | 1.46335E-01 | 1.42780E-01

Suspension travel | 1.77646E-03 | 1.63865E-03 | 3.05907E-04
Tire deflection 1.75263E-03 | 1.61590E-03 | 2.83765E-04
Vertical displacement | 1.07629E-03 | 1.07694E-03 | 2.13520E-04
Roll angle 5.41065E~-13 1 8.10635E-13 { 1.53325E~-14
Pitch angle 9.39134E-05 | 6.67920E-05 | 1.89310E-06
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Table 5 Standard variation for varying pitch and
roll moments of inertia

Items Passive Optimal VsC

Vertical acc. 1.04662E-02 | 1.00321E-02 | 2.15838E-04

Roll acc. 4.15456E-10 | 4.00127E~-10 | 3.11996E-11

Pitch acc. 1.40187E-01 { 8.90178E-02 | 2.11369E-04

Suspension travel |3.60011E-04|3.00212E-04 | 2.11819E-07

Tire deflection  |6.44362E-05 | 5.34624E-05 | 2.46984E-07

Vertical displacement | 3.03258E-5 | 3.00117E-05 | 2.23421E-07

Roll angle 5.76573E-13 | 5.00577E-13 | 9.18840E-14

Pitch angle 2.98345E-04 | 2.13481E-04 | 1.66811E-07
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