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Abstract: In order to solve the problem of unknown dynamics of the hydraulic manipulator with output constraints and
improve the force tracking performance of the hydraulic manipulator in unknown environments, an adaptive neural network
admittance control method integrating integral barrier Lyapunov function is proposed in this paper. Firstly, the mechanical
and hydraulic system dynamics of the hydraulic manipulator are addressed, and according to the principle of impedance
control, an adaptive generation method of reference trajectory based on environment parameters estimation is developed.
Then, an adaptive radial basis function neural network tracking control is developed for the hydraulic manipulator with
unknown mechanical system dynamics and output constraints. Meanwhile, the dynamic surface control approach is intro-
duced to circumvent the direct derivation of virtual signals, and the stability of the closed-loop control system is analyzed
via Lyapunov technique. Finally, using the MATLAB/Simulink, Simscape Multibody and Simscape Fluids simulation
platforms to simulate the hydraulic manipulator, the results indicate that the developed control law has good robustness
with respect to unknown mechanical system dynamics, achieves satisfactory position and force tracking performance, and
ensures the system output does not exceed the prescribed range.
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Fig. 1 Schematic diagram of a six degree of freedom
hydraulic manipulator
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Table 1 Mechanical and hydraulic parameters of hydraulic manipulator
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Lap 0.5198 m Lpc 0.2504 m 0o 73.34° kar  2.3938x107° m3/(s-V-v/Pa)
0, 9.9° hao 0.521 m Lpr 0.5653 m kw2 1.1969x1078 m®/(s-V-v/Pa)
Lgp 0.1800 m 0 17.58° 03 60.34° kus  1.1969x 107 m3/(s-V-v/Pa)
hso 0.455 m Py 7x10° Pa P 0 Pa Bo 1.45x10° Pa
Air 2x1074m3 rad7' || Aor 1.9635x1073m? || 431 1.9635x107 3 m? || Vo 2.2688x10* m®
Ay 2x1074m3 rad7! || Age 1.3477x1073m? || A3p 1.3477x1073 m? || Voro 2.2688x10~* m?
Vo1 2.1932x107%m? || Vooo 1.1226x1074 m? || Voz1 2.2737x1074 m3 || Visz 1.4043%x107° m?
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130
E F_.-:.:-:.:-:-:-:-:-
; 125F Ly imy —
1.20 L L L
0 5 10 15 20
t/s
20F---—=—= I - | pp—— [ ]
E 10 - Ja Je _
S
0 1 1 1
0 5 10 15 20
t/s

7 o BT ERER ([ E 225 02 4 B )
Fig. 7 Position and constant force tracking (fixed reference
trajectory + impedance control)

130 e T T T
SIBSF oy emy —x
1.20 . L .
0 5 10 15 20
t/s
30f T T T ]
< 10 Sa — .
0 1 1 1
0 5 10 15 20
t/s

P 8 o BAIHAE D ERIER(E 18 I 225 Bl 4 B )
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