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Abstract: An electro-hydraulic servo system with coupling between vibration and force loading has the advantage of
simulating dynamic performance of the test specimen subjected to simultaneously vibration and force loading. In order to
compensate a surplus force disturbance caused by active motion of the electro-hydraulic system with shaking table and force
simulator, a disturbance observer is proposed to improve the force loading tracking performance. First, a mathematical
simulation model of the electro-hydraulic servo system with coupling between vibration excitation and force loading is
established. Then, a recursive extended-least squares algorithm is employed to identify the transfer function of the force
closed-loop system, and a zero phase error compensation technology is employed to design the inverse model of the force
loading closed-loop system, based on which the disturbance observer is designed. Simulation and experimental results were
carried out using the electro-hydraulic experimental system with shaking table and force loading simulator, and it is verified
that the force loading disturbance observer can eliminate the surplus force caused by the coupling between vibration and
force loading.
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Fig. 1 Schematic diagram of coupling between the vibration

and force loading system
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Table 1 Main parameters of the vibration and
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Fig. 2 Block diagram of the vibration and force loading coupling system
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Fig. 3 Block diagram of the force loading system with the

disturbance observer
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Fig. 5 Force tracking performance under vibration

without the disturbance observer
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Fig. 6 Magnitude and phase frequency characteristics of the

identification and inverse model
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Fig. 7 Force tracking performance under vibration with the

force disturbance observer
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Fig. 8 Experimental system of the electro-hydraulic

vibration and force loading system
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Fig. 9 Force tracking performance under vibration without

the force disturbance observer
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Fig. 10 Magnitude and phase frequency characteristics of the

identification and inverse model
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6 %5 (Conclusions)
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Model of the hydraulic actuator)
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