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Abstract

This paper presents a model of an electrohydraulic fatigue testing system that emphasizes components upstream of
the servovalve and actuator. Experiments showed that there are significant supply and return pressure fluctuations at the
respective ports of the servovalve. The model presented allows prediction of these fluctuations in the time domain in a
modular manner. An assessment of design changes was done to improve test system bandwidth by eliminating the
pressure dynamics due to the flexibility and inertia in hydraulic hoses. The model offers a simpler alternative to direct
numerical solutions of the governing equations and is particularly suited for control-oriented transmission line model-
ing in the time domain. © 2005 ISA—The Instrumentation, Systems, and Automation Society.
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1. Introduction

A very common assumption in the development
of models for valve-controlled hydraulic actuation
systems is that of constant supply and return pres-
sures at the servovalve@1–4#. On the other hand, a
survey of work on fluid transmission line dynam-
ics suggests that significant pressure dynamics are
introduced in hydraulic systems as a result of the
compressibility and inertia of the oil as well as the
flexibility of the oil and the walls of pipelines
@5–8#. Transmission line dynamics can be signifi-
cant on the supply and return lines between the
hydraulic power unit~pump! and the servovalve as
well as between the servovalve and the actuator
manifold.

Close-coupling~i.e., mounting the servovalve
directly on the actuator manifold! is often used as
a solution to the problem of minimizing the effects
of transmission line dynamics between the servo-
valve and the ports of short-stroke actuators. In the
case of long-stroke actuators, where close cou-
pling may not be physically feasible, the effect of
transmission line dynamics can be analyzed by ex-
plicitly including a transmission line model in the
model of the servosystem, as shown by Van
Schothorst@9#. However, in the case of the supply
line to the servovalve, close coupling may not be a
convenient solution for either short- or long-stroke
actuators, since usually the hydraulic power sup-
ply ~HPS! unit, including the hydraulic pump,
drive unit, heat exchangers, and cooling water
pumps, needs to be housed separately, away from
the work station of the actuator or the load frame
supporting the actuator. In such cases, supply and
return lines from the HPS to the servovalve that
are of significant length may be unavoidable. In
addition, from installation considerations, these
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