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Abstract

In the present paper, an automatic test bench is developed for determining the main characteristics of electrically
modulated pneumatic control valves using isothermal chambers. In particular, the pressure-flow rate characteristics can
be obtained by simply measuring the pressure response inside the isothermal chamber during charge and discharge of
air to the chamber. The proposed test bench has a shorter measurement time of only seconds and a lower air consump-
tion as compared to the improved conventional method. Furthermore, the frequency dynamic characteristics with vol-
ume load can be measured more accurately owing to the use of an isothermal chamber as a load chamber. The high
measurement efficiency and energy savings of the developed test bench are demonstrated herein.
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Abstract

The use of haptic interfaces to control mobile hydraulic machinery has several enhancing features over traditional
human-machine interfaces comprised of joysticks/levers. This paper presents pressure and flow control schemes de-
signed for coordinated haptic control. Typical of many small backhoes and excavators, the hydraulic system used on the
test-bed is comprised of constant displacement pumps and proportional directional control valves. In this type of sys-
tem, a main pressure regulator is needed to supply the other closed-centre valves with pressure and dumps the additional
flow from the pump to tank. Using these valves for haptic applications requires accurate closed-loop control. The focus
of this paper is on the flow control scheme. Performance of the proportional directional control valves are compared
with and without pressure compensation. A velocity feedback loop is present in order to improve the accuracy of the
control system. A small input dead-zone function is proposed in order to prevent a limit cycle around zero velocity
caused by the valve dead-band. Coordinated motion with multiple cylinders is demonstrated.
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A MODIFIED TURBULENT ORIFICE EQUATION APPROACH FOR MODELLING
VALVES OF UNKNOWN CONFIGURATION
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Abstract

Motion control of valve controlled hydraulically actuated systems may be improved by compensating directly for
the nonlinear relationship between valve displacement, differential pressure across the valve and the flow rate. In this
paper a method is described in which such a relationship can be obtained from a relatively small experimental data set
for a valve with an orifice of unknown configuration through the application of a modified discharge coefficient in the
turbulent orifice equation.
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Abstract

Computational Fluid Dynamics (CFD) is becoming a tool that can be used by engineers to optimise valve perform-
ance. CFD is used here to model the fluid flow characteristics through a control valve. By changing various aspects of
the internal flow path, the performance of a valve is improved through a greater mass flow rate to optimise its perform-
ance. These changes included rounding sharp edges, removing areas of dead-space and moving some internal parts to
reduce sharp changes in direction. The CFD model was used to create a new modified design which was then manufac-
tured for testing. The test results were compared to the CFD results from the new model. The CFD and experimental
results showed a similar increase in flow rate from the original to the modified valve showing that changes to the inter-
nal flow path had a positive effect on the measured flow rate.

Keywords: computational fluid dynamics; pneumatic control valve




International Jowrnal of Fluid Power 8 (2007) No. 3 pp. 43-57

ANALYSIS AND OPTIMIZATION OF A TWO-WAY VALVE
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Abstract

This paper describes the use of a numerical procedure developed by the authors for the analysis and optimization of
hydraulic components. The element taken as reference is a two-way priority spool valve, typically utilized in steering
systems with a load sensing control strategy in the presence of other actuators. The valve's purpose is to control the
primary port flow rate, the exceeding flow being discharged to the secondary output port.

The optimization algorithm is based on Response Surface Methodology technigues, adopting the path search method
known as Steepest Descent. For this purpose, the component’s behaviour is analytically described by means of a prop-
erly defined objective function. The procedure approximates this objective function with a simple model whose coeffi-
cients are evaluated using an AMESIm® model of the valve, previously verified using test results. The simulations re-
quired to find the fitting model are planned using Design Of Experiments (DOE) methods.

Because of the large number of factors characterizing valve design a preliminary analysis (screening) based on DOE
algorithms was performed in order to identify the parameters which significantly influence valve behaviour. This allows
the important factors to be considered for the optimization phase. )

The entire numerical procedure was implemented through MATLAB® scripts which automatically execute the
AMESIM* simulations to perform the screening analysis or optimization.

Considering a configuration pertinent to a stock version of the valve as starting point of the procedure, the paper
proposes an optimal configuration. Experimental investigations performed on a prototype reveal the improved perform-
ance achieved with the proposed design in comparison with the behaviour observed in different stock versions of the
valve, highlighting the potentizl of the optimization procedure developed.

Moreover, the results presented in the paper illustrate how the procedure can also be utilized to perform other analy-
ses of component behaviour, for example, proving, useful guidelines for the definition of dimensional tolerances.

Keywords: hydraulic valves, priority valves, flow divider valves, optimization, design of experiments, response surface methodology




