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Abstract: A dynamic position control method for hydraulic series elastic actuator (SEA) based on
integral of time multiplied by absolute error (ITAE) is proposed for solving the problem of poor
end actuator dynamic performance of hydraulic-driven robot under variable load and uncertain
contact ambient stiffness conditions. First, according to the flow continuity equation of the
hydraulic cylinder and the dynamic equation of the piston and the load, the displacement, speed
and load pressure difference between the load and the piston are taken as the state variables; the

state-space method is used to establish the five-level state-space model of the hydraulic SEA.
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Then, based on the requirements for series spring stiffness under different system bandwidth,
impedance and heavy load conditions, the stiffness range of series spring is determined.
Furthermore, considering the rapid response and stability of the system, we have constructed an
ITAE-based controller by integrating the absolute values of time and error. Finally, the ITAE
controller is used to accurately control the dynamic position of hydraulic SEA under variable load.
The simulation result shows that under pure inertia load, the ITAE controller has 12. 5% faster
response speed and 93% lower steady-state error than the Grey woll optimized PD controller
(GWO-PD); Under the pure inertia-composite load switching condition: when the series spring
stiffness changes, the ITAE controller has 80 % faster response speed and 18% lower steady-state
error than the GWO-PD controller (however, the GWO-PD controller produces high frequency
oscillation when the spring stiffness is small, and the maximum oscillation value is 13.83%);
when the ambient stiffness changes, the ITAE controller has 81% faster response speed and 45 %
lower steady-state error than the GWO-PD controller. With ITAE, the SEA has good control

performance when the internal and external parameters change and can meet the application
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requirements in non-structural environments.
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Fig. 1 Robot single-leg hydraulic series elastic actuator and

its equivalent model
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Fig. 2 Composition structure diagram of series elastic actuator
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Fig. 3 Schematic diagram of SEA composition structure
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