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Impedance Control of Backdrivable Hydraulic Actuation
Systems with Explicit Disturbance Estimation

AR AT
Sunkyum Yoo'!, Wan Kyun Chung

Abstract: The backdrivable servovalve is a desirable component for force and interaction control of
hydraulic actuation systems because it provides direct force generation mechanical impedance
reduction by its own inherent backdrivability. However, high parametric uncertainty and friction
effects inside the hydraulic actuation system significantly degrade its advantage. To solve this problem,
this letter presents a disturbance-adaptive robust internal-loop compensator (DA-RIC) to generate ideal
interactive control performance from the backdrivable-servovalve-based system. The proposed control
combines a robust internal-loop compensator structure (RIC) with an explicit disturbance estimator
designed for asymptotic disturbance tracking, such that the controlled system provide stable and ideal
dynamic behavior for impedance control, while completely compensating the disturbance effects. With
the aid of a backdrivable servovalve, we show that the proposed control structure can be implemented
based on a simplified nominal model, and the controller enables implementation without accurate
knowledge of the target system parameters and disturbances. The performance and properties of the
proposed controller are verified by simulation and experiments.

Keywords: Hydraulic actuators, Impedance control, Robust/Adaptive control
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[Table 1] Nomenclatures for hydraulic system dynamics

Parameter |Description
B,D Link inertia and damping coefficient.

Bg, D, Kg  [Spool inertia, damping and spring coefficient.
K, Control input coefficient in spool dynamics.
Ay Load pressure feedback area of the spool.

K, Bernoulli flow coefficient.

Jé] Bulk modulus of the hydraulic fluid.

\ Chamber volume inside hydraulic actuator.
D, Actuator vane area.

¢, Actuator internal leakage coefficient.
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[Fig. 2] Structure of the robust internal-loop compensator (RIC).
The model-following controller (K) is designed to make actual
system dynamics behavior (2) follow that of the nominal
dynamics (=)
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[Fig. 3] Explicit disturbance estimator on RIC structure. The
estimator can be designed by indirect disturbance error feedback
using model-following error dynamics
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