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Robust Trajectory Control of a Hydraulic Excavator
using Disturbance Observer in H» Framework

Jong Hwan Choi’, Sung Su Kim’, Soon Yong Yang“ and Jin Gul Lee

ABSTRACT

This paper presents an H« controller synthesis based on disturbance observer for the trajectory control of a
hydraulic excavator. Compared to conventional robot manipulators driven by electrical motors, hydraulic
excavator have more nonlinear and coupled dynamics. In particular, the interactions between an excavation tool
and the materials being excavated are unstructured and complex. In addition, its operating modes depend on
working conditions, which make it difficult to not only derive the exact mathematical model but also design a
controller systematically. In this study, the approximated linear model obtained through off-line system
identification is used as nominal plant model for a disturbance observer. A disturbance observer based tracking
controller which considers the effect of disturbance and model uncertainty is synthesized in He frameworks.
Simulation results are used to demonstrate the applicability of the proposed control scheme.
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JleAdy D = viscous friction coefficient
D( @) = inertia matrix
A = piston area of head d = disturbance

A: = piston area of rod F = force acted attachment
L Gi = ity t t
C(8, §) 8 = vector of Coriolis and centrifugal (9) gravn ¥ forque vector
h( §) = piston stroke length
terms . .
I: = inertia of each attachment

cs = discharge coefficient
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= low-pass filter
K = feedback controller
K, = feedforward controller
K» = oil bulk modulus
I = length between joint and center of gravity

= length between two joints

mi: = mass of each attachment

P = real plant model

pi = pressure of cylinder on head
p: = pressure of cylinder on rod
P, = nominal plant model

P, = supply pressure

q: = flow of cylinder on head

q: = flow of cylinder on rod

u = reference input

Vi = volume of cylinder on head
V: = volume of cylinder on head
w = area gradient

x» = displacement of spool

y = output
@ = link angle
= oil density
7 = joint torque vector
* index 1, 2, 3 : boom, arm, bucket
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Fig. 1 Schematic diagram of hydraulic circuit
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(a) step input (b) boom angle

Fig. 4 Input/output of ID experiment of boom
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Fig. 5 ID results of ARX model of Boom
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Fig. 6 Bode diagram of transfer function of ID model
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Table 1 Parameters of excavator used in computer

simulation
Para. Value Para. Value
A 0.03 [m] mi 1260 [kg]
BrZ" 4| 0015 [m] | me 638 [ke]
z 1.88 [m] ms 562 [ksg]
A 0.02 [m] I | 3.1x 10' (kg m
Arm| A4: 0.01 [m'] L | 26x 10° [kg: o
z 1.97 [m] I | 6.8% 10¢ (kg m
Al 0017 [m] Li 5.64 [m]
[Buck
:f A | 00085 [m] | L: 3.03 [m]
z 1.62 [m] Ls 1.29 [m]
Ps 10x 10° [N/m] | 4 3.09 [m]
Ko |17x 10° [N/m] || I 0.89 [m]
ca 0.7 [ ] b 0.72 [m]
900 [ke/m']| & « 10.8 [deg.]
[N- s/
D 5000 : 5 14.4 [deg]
83 30 [deg.]
70
.......... ref.
------ P ]
65 D'contro
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£
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e !
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(a) Trajectory tracking of boom
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