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Abstract

The paper presents design of the modular pneumatic valve terminal, which was made on the
basis of the patent application No Al 402905 ,,A valve for controlling fluid power drives, specially
for pneumatic actuators, and the control system for fluid power drives valves”. The authors describe a
method of operation of the system with double-acting valve and 5/2 (five ways and two position)
valve. Functions of the valve, and an example of application of the valve terminal in the production
process were presented. 3D solid models of all the components of the valve were made. The paper
presents a complete 3D model of the valve in various configurations. Using CAD-embedded
SOLIDWORKS Flow Simulation computational fluid dynamics CFD analysis was also carried out of
compressed air flow in the ways of the valve elements.

Abstrakt

Ptispévek prezentuje navrh modularniho terminalu pneumatickych ventilt, ktery byl proveden
na zakladé¢ patentové prihlasky ¢ Al 402905 A ventilem je urCen, pro fizeni tekutinovych
elektrickych pohond, specialné pro pneumatické pohony. Autofi popisuji zpisob provozu systému s
dvojcestného ventilu a ventilu typu 5/2 (pét cest, a dvé polohy). Byly prezentovany funkce ventilu, a
priklad pouziti terminalu ve vyrobnim procesu. Byly provedeny pevné 3D modely vSech slozek
ventilu. Piispévek prezentuje kompletni 3D model ventilu v riznych konfiguracich. Pro vypocty a
analyzu byl pouzit CAD-embedded SolidWorks Flow Systém, byla také provedena CFD analyza

proudéni stla¢eného vzduchu v cestach ventilu.
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1 INTRODUCTION

In the pneumatics system, the most commonly used directional valves, which are designed to
separate the air stream between the input and output ways of the valve [6, 7]. Such valves do not
provide information about the position of the piston valve, and therefore of the switching the valve.
Sometimes the valves are equipped with LEDs indicating the turn on control signal. The directional
control valves are not able to fault diagnosis of the valve and the pneumatic actuator. Based on its
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own patent application No Al 402905 ,,A valve for controlling fluid power drives, specially for
pneumatic actuators, and the control system for fluid power drives valves” the authors have
developed a design of modular pneumatic valve terminal. Fig. 1 shows a diagram of the control
system of a double acting pneumatic cylinder using one module [8].
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Fig 1 Diagram of the control system of the double acting pneumatic cylinder

The input and output ways of the valve was determined 1, 2, 3, 4, 5. In the output ways 2, 4
are pressure transducers 7a and 7b. The pressure sensors are connected to the AD transducer of the
US control system. At the end of the piston valve are mounted permanent magnets, which interact
with the magnetic field sensors 8. The magnetic sensors 8 detect the position of the permanent
magnets 6. The valve is controlled by a two-stage electromagnetic transducers 11 and 12.
Measurement and control system US, record the pressure and the magnetic field strength
measurement data, and generates control signals. The system consists of the LEDs 13 signaling the
module states, the microprocessor 14, the amplifier 15 and the communication network 16. In order
to improve diagnostic functions, can be used fuzzy logic in the control system [7, 11].

2 PROTOTYPE OF VALVE TERMINAL

Fig. 2 shows a general view of the modular pneumatic valve terminal prototype made
according to Patent Application No. Al 402905.
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Fig 2 General view of the modular pneumatic valve terminal prototype: 1 - air supply, 2 - silencer, 3 -
LED, 4 - coil, 5 - plug, 6 - valve module, 7 - control system

In order to present the possibilities of the valve terminal performed the experimental stand.
The stand consists of four double acting cylinders controlled by the valve terminal. The actuators
move the piston inside a square box. General view of the stand shown in Fig. 3.
1

Fig 3 General view of the stand: 1 - pneumatic cylinders, 2 - piston, 3 - box, 4 - valve terminal
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3 DESIGN OF NEW VALVE TERMINAL

Because the pneumatic valve terminal prototype are constructed with valves of the old type,
Osrodek Badawczo Rozwojowy Elementéw i Uktadow Pneumatyki OBREIUP Sp. z o0.0. [Ltd.], the
authors developed a new design of the valve terminal. 3D modeling, the kinematic and dynamic
analysis [3, 9, 10] were performed in SolidWorks software. Thanks to the 3D software, the
mathematical model, the model of dynamics [2, 4, 5] are not necessary to solve the problem of
moving parts of the valve terminal. Presented solid models (Fig 4) of the valve terminal are complete
and contain all the necessary elements to perform the valve terminal. The authors have also
developed a technology to made the valve terminal.

Fig 4 Solid models of the elements of the modular pneumatic valve terminal

Fig. 5 shows an isometric view of the valve 5/2, while Fig. 6 shows a view of the same valve
in a translucent view mode.

Fig 5 Solid model of the valve 5/2 module

56



Fig 6 Solid model of the valve 5/2 module translucent view mode

Different submission of 3D elements allows to configure the valve terminal with different
functions. Fig. 7 shows an isometric view of the valve terminal with air supply from one side.

Fig 7 Solid model of the modular pneumatic valve terminal, air supply from one side

Fig. 8 shows an isometric view of the valve terminal with air supply from both side.

57



Fig 8 Solid model of the modular pneumatic valve terminal, air supply from both side
Fig. 9 shows a close-up on an air supply.

Fig 9 Solid model of the air supply
Fig. 10 shows the complete modular pneumatic valve terminal.

Fig 10 Solid model of the complete modular pneumatic valve terminal
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5 CFD SIMULATION

The computational fluid dynamics CFD, is a branch of the fluid mechanics that uses the
numerical methods and algorithms to solve and analyze a problems that involve fluid flows [1]. In the
case of compressed air, which is a compressible fluid, may change the character of laminar flow to
turbulent flow, velocity of the subsonic to supersonic, causing a change in the flow rights. Thanks to
the numerical solution of the partial differential equations describing flow, it is possible to calculate
an approximate speed, pressure, temperature distribution and other parameters. Modern CFD
software possible to take account of viscosity and compressibility, multiphase flow, flow in which
there flows the chemical reactions or combustion processes, flows through the porous structure and
flow in which the medium is a Newtonian fluid or a non-Newtonian.

In the paper was conducted CFD simulation studies of the valve terminal in SOLIDWORKS
Flow Simulation software. The paper presents selected results of the shut-off valve. Fig. 11 shows the
distribution of the velocity vectors, and Fig. 12 shows the distribution of the pressure on the ways 1-2
at the maximum pressure drop.

Fig 11 CFD simulation results of the distribution of the velocity vectors

Fig 12 CFD simulation results of the distribution of the pressure at the maximum pressure drop
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4 CONCLUSIONS

The paper presents the design of modular pneumatic valve terminal, which was made on the
basis of the patent application No Al 402905 ,,A valve for controlling fluid power drives, specially
for pneumatic actuators, and the control system for fluid power drives valves”. Shows the process of
making a prototype device based on standard directional valves, and the process of designing a new
modular pneumatic valve terminal. Designed pneumatic valve terminal provides:

Status checks of controls elements:

. confirmation of switching the valves,
. reading logic states of 10 modules,
. parameters measurements of controlled elements.

Control of driving systems:

. switching the valves

. change the logic states.
Diagnostics of processes and valves:

. parameters checking,

. errors indication,

. valve diagnostics,

. diagnostics of selected states of the process.

Thanks to the CFD simulation research were analyzed the process of flow of compressed air through
the components of the valve.
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