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Design of Quantitative Feedback Control System for the Three Axes
Hydraulic Road Simulator

Jin Wan Kim, Dong Ji Xuan and Young Bae Kim
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Abstract

This paper presents design of the quantitative feedback control system of the three axes hydraulic road simulator
with respect to the dummy wheel for uncertain multiple input-output(MIMO) feedback systems. This simulator has
the uncertain parameters such as fluid compressibility, fluid leakage, electrical servo components and nonlinear
mechanical connections. This works have reproduced the random input signal to implement the real road vibration’s
data in the lab. The replaced m° MISO equivalent control systems satisfied the design specifications of the original
m*m MIMO control system and developed the mathematical method using quantitative feedback theory based on
schauder’s fixed point theorem. This control system illustrates a tracking performance of the closed-loop controller
with low order transfer function G(s) and pre-filter F(s) having the minimum bandwidth for parameters of uncertain
plant. The efficacy of the designed controller is verified through the dynamic simulation with combined hydraulic
mode! and Adams simulator model. The Matlab simulation results to connect with Adams simulator model show
that the proposed control technique works well under uncertain hydraulic plant system. The designed control
system has satisfied robust performance with stability bounds, tracking bounds and disturbance. The Hydraulic road
simulator consists of the specimen, hydraulic pump, servo valve, hydraulic actuator and its control equipments
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Fig. 2 Three-by-three(3*3) MIMO signal flow graph
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Table 1 Parameter value of dynamic plant equation

Parameter Value Unit Description
Ay 0.003 n’ Piston area of Lateral axis
A 6263 o Pgon area of Longitudinal
axis
Ay 8 3¢-3 o P|§ton area of  Vertical
axis
Vi 4.83050-4 o Cy!lnder Volume of Lateral
Axis
3 Cylinder  Volume  of
Vion 1e3 ™| Longitudinal Axis
3 Cylinder Volume of
Vier 1.5¢-3 m Vertical Axis
M 100 ~ 500 Kg Load mass
B 200 ~ 540 Ns/m Load Damping
10,000 ~ L
K 20,000 N/m Load spring stiffness
L 1.56¢-8 m’/sPa | Leakage cocfficient
c 06~0.8 Flux coeflicient
g 9.8 m/s’ | Gravity acceleration
P, 21e6 Pa Supply pressure
0.000t ~ m Displacement of Spool
x‘ 0.0033 valve
w 0.008 m Lat longi port width
w 0.0302 m Vertical port width
Ky 1.379¢9 Pa Bulk modulus
P) 870 kg/m’ | Hydraulic density
Kv 0.165 mig | G of spool valvelLator,
Longj)
Gain  of spool valve
Kv 0.0825 m/A (Vertical)
Force conversion efficiency
ng 0.9937 (Lat Lon)
Force conversion efficiency
ny 0.9407 (vertical)
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Table 2 Varying range of parameter set of plant

Para- Para-

Range
meters g meters

Range

a;; 1.175¢-8 ~ 4.7¢-8 by, 5.233e-4~2.114e-3

(7} 4.257¢-3~5.856¢-3 dy 0.05233 ~0.1057

ay; 2.626e-8~1.05¢-7 by, 2.533e-4~1.038e-3

C2 6.811e-3~7.606¢-3 dy; 0.02533~0.0518

asz 5.573e-8~1.393¢-8 bs; 8.073¢-4~1.999%¢-4

e | 9391e-3~8781e-3 | dy; 0.02018~0.0199
es 0.3281 e 0.1989
es3 0.1681
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Loop shaping of Lateral Axis
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Fig. 9 Controller design of lateral axis
Loop shaping of Longitudinal Axis
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Loop shaping of Vertical Axis
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Pre-filter Design of Longitudinal Axis
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Pre-filter Design of Vertical Axis
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Fig. 16 Block diagram of the hydraulic road simulator
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