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Abstract: Because a hydraulic actuator has high power and force densities, this allows the weight of the robot's limbs
to be reduced. This allows for good dynamic characteristics and high energy efficiency. Thus, hydraulic actuators are
used in some exoskeleton robots and quadrupedal robots that require high torque. Force control is useful for robot
compliance with a user or environment. However, force control of a hydraulic robot is difficult because a hydraulic
servo system is highly nonlinear from a control perspective. In this study, a nonlinear model was used to develop a
simulation program for a hydraulic servo system consisting of a servo valve, transmission lines, and a cylinder. The
problems and considerations with regard to the force control performance for a hydraulic servo system were
investigated. A force control method using the nonlinear model was proposed, and its effect was evaluated with the
simulation program.
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Fig. 1 Simple schematic of a hydraulic servo-system
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Table 1 Specification of simulation parameters
Parameter Sym. Value
Torque Current-torque gain K. 0.5045
Motor in , Nm/A
Servo-valve Armature damping fy 0.002
coefficient Nms/rad
Moment of inertia of J 5E-7 Kgm’
the armature-flapper
assembly
Armature rotational K, 9.45E-4
angle-torque gain Nm/rad
Flapper Flapper length L, 12E-3m
Valve in Feedback spring and L 20E-3 m
Servo-valve s
flapper length
Flapper limiting X, 30E-6 m
displacement '
Flapper nozzle d, 5E-4m
diameter ]
Equivalent flapper seat R 5000
material damping : Nms/rad
coefficient
Flapper seat equivalent KL/, SE6 N/m
stiffness
Hydraulic amplifier d, SE-4m
nozzles ’
Diameter of the return d, 6E-4 m
orifice
Spool Valve Spool diameter d, 4.9E-3 m
anSaT\rl\éo- Initial volume of oil in v, 2E-6 m
the spool side chamber
Volume of oil in the v, 5E-6m’
return chamber
Spool mass m, 0.02 kg
Spool port width ] 2.5E-3m
Spool radial clearance c 2E-6 m
Spool friction f 2 Ns/m
coefficient y
Feedback spring K 900 N/m
stiffness ’
Hydraulic il density P 867 kg/m’
Oil Bulk modulus of oil y/j 1.2E9 Pa
System Supply pressure P 200ES Pa
Pressures Return pressure P, 0 Pa
Pipe line Pipe area Apl_pe 3.1669E-5
Pipe length LPW 0.5m
Hydraulic Piston area A 1.7671E-4
Cylinder — — b
Initial volume of oil in V. 1.9439E-5
the cylinder chamber ‘
Resistance to internal R 10E14 Pa
leakage I s/m’
Piston mass m, 0.1 kg
Viscous friction B 1000 Ns/m
coefficient on piston
Coulomb friction F 100N
coefficient on piston ¢
Static friction F 100 N
coefficient on piston )
Static decay friction C, 0.02 m/s
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(a) Simulation model of servo-valve
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(b) Simulation model of hydraulic servo-system

Fig. 2 Matlab simulink model of hydraulic servo-system
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Fig. 3 Simulation result to a 30 mA step current
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(a) Matlab simmechanics model

(b) Matlab simulink block

Fig. 4 Matlab simulink model of pendulum system powered by hydraulic servo system
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(b) Force response

Fig. 6 Reference force tracking performance using PI
control scheme
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