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Abstract

This paper develops the dynamic modelling of a novel two-stage bidirectional poppet valve and proposes a simpli-
fied model that is more suitable for control purposes. The dynamic nonlinear mathematical model of this Electro-
Hydraulic Poppet Valve (EHPV) is based on the analysis of the interactions among its three internal systems: the me-
chanical, hydraulic, and electromagnetic system. A discussion on the employed experimental methodology is included
along with the validation of this model. When the pressure differential across the valve is sufficiently high and does not
vary considerably, the model for this valve can be simplified substantially. More specifically, the EHPV can be mod-
elled as a linear second order system with a static input nonlinearity. This nonlinearity is realized from the valve’s
steady state characteristics. The advantage of this separation between valve dynamics and nonlinearities is that an in-
verse linearisation approach (to cancel the nonlinearity) can be used to facilitate the control task for the valve.

Keywords: nonlinear model, proportional control valve, poppet valves, bidirectional valve, flow conductance factor
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APPLICATION OF EXTENDED KALMAN FILTER IN
A METERING POPPET VALVE SYSTEM

Chang Li and Roger Fales

Rolf Fluid Power Lab
Mechanical and Aerospace Engineering University of Missouri-Columbia Columbia, Missouri 65211
clbk6@mizzou.edu, FalesR@missouri.edu

Abstract

This work focuses on an accurate Extended Kalman Filter (EKF) estimator, which is applied to a forced-feedback
metering poppet valve system (FFMPVS). The EKF estimator is used to estimate the position and velocity of the main
poppet valve, position and velocity of the pilot poppet valve and pressures within the pilot stage of the valve. The EKF
estimator takes advantage of its recursive optimal state estimation to estimate the states of this metering poppet valve by
using one pressure signal measurement. The results from the EKF are compared with the simulation results from the
model and also compared with the states which can be measured from the physical system set up in the lab. It is shown
that the EKF estimator tracks the states accurately for both the steady-state and transient performance. The EKF estima-
tor has robustness to parameter variations. It is shown specifically that the EKF estimator has robustness to an example
of model uncertainty, variations in the spring stiffness parameter.

Keywords: Extended Kalman Ffilter, metering poppet valve, robustness
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Abstract

This paper reports on the experimental determination of the level of inherent pulsation power generated by a hy-
draulic pump, using both a test method newly developed for the measurement of fluid pulsation power in a pipeline and
a theoretically derived conversion equation for eliminating the influence of a hydraulic circuit on the measurement. The
suitability of the test procedure as a standard method for assessment of the inherent source pulsation power of a hy-
draulic pump is confirmed.

First, it was determined that the pulsation power in a pipeline can be measured using a pressure sensor unit called the
“pulsation intensity probe”, which utilizes the same measurement principle as a conventional “sound intensity probe”,
with good repeatability and with sufficient accuracy for practical usage. Next, a standard test procedure for determining
the inherent source pulsation power of a hydraulic pump, which is independent of the hydraulic circuit, from the meas-
urements of a pulsation power in a reference pipe was proposed. Finally, it was verified from the experimental meas-
urements and simulations that this proposed standard test method is very useful for both absolute and relative assess-
ments of the level of source pulsation power of a hydraulic pump.

Keywords: hydraulic pump, fluid-borne vibration, pressure pulsation, pulsation power, standard test method
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Abstract

An experimental investigation was conducted to measure the friction forces between a vane tip and cam-ring in oil vane
pumps. The incentive of this work is to study the effect of important parameters on the friction coefficient between a
vane tip and cam-ring. Such parameters are relative speed between the vane tip and cam-ring, normal vane force, pres-
sure difference between the two sides of the vane, and coating of the vane tip. A comparison was performed between
five different (Physical Vapor Deposition) PVD-coated vane tips and the normal vane without coating. To satisfy such
requirements a special test rig was designed and constructed in the lab. The results show that the effect of the vane force
and the pressure difference between the two sides of the vane are very small compared to the relative speed. The coating
material shows no significant effect on the friction force in vane pumps. Therefore the wear properties of the coating
materials should be considered in future studies. For friction measurements in oil vane pumps a simple test rig design
with no pressure difference between the two sides of the vane is proposed.

Keywords: vane pump, friction, PVD, hydraulic, power steering, coating
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Abstract

A very compact description of viscid wave propagation in straight transmission lines with a circular cross section in
frequency domain by a transcendental transfer matrix is known since several decades. The corresponding research re-
sults show that fluid friction is limited to small dynamic boundary layers whereas the remaining fluid domain exhibits
practically no friction effect and has bulk flow characteristics. An explanation how this boundary layer transfers its
dissipative effect to the bulk flow has been given by Gittler et al. using asymptotic expansion techniques. They found
that the effect of the boundary layer on the bulk flow in the centre is given by radial velocity components. The authors
have shown that the findings of Gittler et al. are generally valid in the 3D case exploiting matched asymptotic expan-
sions.

In this paper these results are developed further to exploit this dynamical boundary layer theory for an efficient Finite
Element (FE) computation of viscid waves. Standard acoustic elements without viscosity as available in many FE codes
combined with frequency dependent acoustic boundary conditions can be used to simulate 3D viscid wave propagation
in frequency domain. Comparison with the analytical transmission line theory shows the validity and wide applicability
of this approach. It is much more efficient than a direct resolution of the viscid boundary layer by a fine FE grid.

Keywords: 3D viscid wave propagation, Finite element analysis, Singular perturbation, Boundary layer theory




