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Force Control of one pair of 6-Link Electro-Hydraulic Manipulators
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ABSTRACT

Hydraulically driven manipulators are superior to electrically driven ones in the power density and electrical insulation.
But an electro-hydraulic manipulator using hydraulic actuators has many nonlinear elements, and its parameter fluctuations
are greater than those of electrically driven manipulator. So it is relatively difficult to realize not only stable contact work but
also accurate force control for the autonomous field tasks such as the maintenance task of high voltage active electric line or
the automatic excavation task by hydraulic excavator.

In this report, we propose robust force control algorithm, which can be applied to the real field task such as the
construction field, nuclear plant and so on. Proposed force controller has the same structure as that of disturbance observer
for position control. The difference between force and position disturbance observer is that the input and output of
disturbance observer are forces in the case force disturbance observer and the plant varies much compared to the case of
position control. In the design of force disturbance observer, generalized plant is derived and the stabilized filter is designed
by H infinity control theory to ensure the robust stability even though the stiffness of environment changes from sponge to
steel, and the contact surface also changes from flat to round shape. Experimental results show that highly robust force
tracking by a 6-link electro-hydraulic manipulator could be achieved under various environment conditions.
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Fig. 1 System Configuration of a 6-Link Hydraulic
Manipulator
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Fig. 3 Experimental Setup for Contact Task

oz, F@Aze] HE o i LAs:
HE (AT PEEAGpS BAE ded A2y
gro] AjxElo] ofyx, 272¢]  UERd Az} ol
M AEZHK), M BRD), M AZenE

aelg s RdelA Fold wAR wuhl6]
ES, AEolds Fxel dHAE wolrl U,
Qilgs mAN FAAE MY SE, A
Mol pepase] W=Me o geeh,

Horgt AETolds A7) FALE E]lE]
A 230 YeRd 2T Fo] vy Eyely M
of ¥k 0.15[ml9} ¥4AHE 1w 49E FYPJT
53] o] dAAGeNE FHNEZA =-0.40{m]2] A
of sy st /3 [rad] 7]&0]7 WHol Ax
goiglr}. K=0.08[s], Ka=0.02[s]2] e ==
AJNE ol &% dof 4% AE 2F40] Vet

ozf 02 R
=
03 03 =
= g
£ /s
04 Qaf - 4
""{ . n A hEdd e .-‘;:" n
L3 (K] 15 0.1 o0 3]
x{m] y[m]
100
{0 T
5 Z w —7
AR
0.1 q »
[ vl
13 (] 15 o 2 4 6 8 %
x{m] Time [s]

Fig.4 Experimental Results of Impedance Control
( M=40[kg], D=400[Ns/m], K=1000[Ns/m])
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Fig. 5 Proposed Impedance-Force-Control System
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Fig. 7 Frequency Response of (Xs)
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Fig. 9(a) Experimental Obstacles : Flat Wall
Fig. 9(b) Experimental Obstacles : Curved Wall
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Fig. 10(a) Experimental Resuits for Force Control: Flat Wall
Fig. 10(b) Experimental Results for Force Control:curved Wall
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