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Abstract: The paper presents an 18-input air-operated logical “OR” module on
the basis of throttle-diaphragm elements. Some relations are derived defining the
switching process of throttle-diaphragm elements. A decoding circuit of pneu-
matic signals is synthesized for encoding objects that have reached the working
position in a conveyer line. An application example is discussed.
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1. Introduction

The pneumatic control and computing devices usually include switching elements, which
serve to transform and further process the signals. The use of universal devices for this
purpose is comparatively expensive.

The purpose of the present study in the area of diaphragm techniques is the devel-
opment of a specialized air-operated multi-input logical “OR” module intended for use
in a pneumatic system for images recognition, mainly when painting details in a con-
veyer with the help of a pneumatic painting robot.

The basic requirements towards the pneumatic diaphragm switching devices are
[1, 2]: a large coefficient of amplification of the pneumatic information signal, good
high speed of the device logical status switching, compatibility of the output signal in a
pneumatic system, relatively low losses of energy, comparatively small dimensions,
standard attaching to pneumatic systems, relatively low cost.

These requirements towards the quality of the main element in pneumatic switch-
ing devices are met to a great extent by the well-known single-diaphragm element,

* The investigations are realized in conformance with Project No 010057 “Fluid Systems for
Tecnological Processes Control”.
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operating on the aerodynamic “flapper-and-nozzle” principle. With the help of uncom-
plicated means it ensures a large amplification coefficient and a relatively good switch-
ing speed. On the other hand, the single-diaphragm element enables the constructive
building in multi-input integral logical diagrams, like the air-operated logical “OR”
module designed by the team.

2. Structure of the multi-input logical “OR” module

Fig. 1a shows the cross section of the construction of an air-operated multi-input logi-
cal “OR” module, and Fig. 1b — its simplified scheme. The main elements of the struc-
ture are: supply (1) and output (5) pneumatic lines with constant chokes, a circuit
chamber (7), input diaphragm-throttle elements, including a diaphragm (2), a cylindri-
cal nozzle (3) and a pneumatic input with a chamber (4). The input elements are
located symmetrically to the circuit chamber and their number corresponds to the
sensors number and could be unlimited.
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Fig. 1

In initial position, when there is no actuated sensor, air is supplied to all input
chambers (4), its pressure acting on the diaphragms (2), as a result of which the nozzles
(3) are closed and the pressure established at the output of the logical module corre-
sponds to the pressure in the circuit chamber (7) and is equivalent to logical “1”. In
case any of sensors (S,) is actuated, the air supply towards the corresponding input of
the module is terminated and as a result the pressure in the respective input chamber
drops down. The diaphragm to this chamber is separated by the nozzle, through which
the air from the circuit chamber flows out to the atmosphere. The pressure in the circuit
chamber rapidly decreases, its value obtained corresponding to logical “0”.
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The switching and frequency characteristics of the logical module, and its reli-
ability also depend mainly on the characteristics of the diaphragm-throttle elements,
which will be discussed below.

3. Characteristic features of the diaphragm-throttle elements

The diaphragm-throttle elements of the logical module contain a circuit chamber (7), a
diaphragm (2), a nozzle (3) and a diaphragm chamber (4). They can be regarded as
analogs to the pneumatic elements of “flapper-and-nozzle” type, in this case the role of
the flapper being carried out by a mobile elastic diaphragm. Under the action of the
input discrete signal the diaphragm can be located in two final positions — a “closed
nozzle” and an “open nozzle” position, corresponding to logical states “0” and “1”
respectively.

In a “closed nozzle” position, the pneumatic output signal PO, corresponding to
logical “1”, is defined by the pressure of the air in the circuit chamber. The pressure N
on the diaphragm at closed nozzle is

T N
(1) N :Z(kaZ—POdZZ,

where P, is the air pressure in the diaphragm chamber (4), D — diameter of the efficient
area of the diaphragm (2), d, — diameter of nozzle (3).
The conditions below given are required for reliable closing of the nozzle:

d2

2
2 PkZPOE'
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where | is the diaphragm shifting under the action of pressure P, of the air entering

through the sensor. The characteristics of the relocation of the technical diaphragm
with width 0.4 mm in relation to the pressure P, in the diaphragm chamber is given in
Fig. 2.
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When the diaphragm is separated from the nozzle, the air from the circuit cham-
ber flows out to the atmosphere. The process of flowing out and the movement of the
elastic diaphragm define the switching characteristic of the diaphragm-throttle ele-
ment.

The analysis of the process of the air outflow from the circuit chamber through
the nozzle to the atmosphere is based on the hydrodynamic theory of the pneumatic
“flapper-and-nozzle” element [4, 7], using some empiric dependences for diaphragm
relocation. The main parameters of the circuit chamber (Fig. 3) are: its volume -V, the
area of the output section of the nozzle (inconstant choke) F, pressure in the chamber
P, pressure after the nozzle P, and temperature of the air in chamber T.

It is assumed that the condition for under-critical outflow of the air is satisfied:

P D~
(4) PasP '

0

where P~ is a dimensionless value of the pressure in the chamber at outflow sound
speed.

Fig. 3

In order to define the speed of the pneumatic throttle-diaphragm element (the
time for the air outflow from the chamber to the atmosphere, through the nozzle), it is
necessary to obtain the relations for the change of the pressure P, and of the flow rate
Q. The following dimensionless parameters are introduced, which are relations of the
momentum values of a backed up flow with respect to its initial values:

— p 1 — a =
(5) P P T AT
0 po 0 ao

If assumed, with certain approximation that the outflow is isentropic due to the
quick pressure drop P, the relation below given follows:
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where Kk is an adiabatic indicator, for air under normal conditions k = 1.4.
The mass flow that is variable during the outflow time is

8) q=paMF
and in a dimensionless form it is

= p(M]aM)  ——
(9) q_ ;*5* Mpmam 1
hence for the case of critical outflow
(10) a=p,4,,

where p is the tightness of the air flowing out, a — sound speed, M — Mah number.
For an elementary period of time dt, an air mass qdt will flow out, and the air
tightness in the chamber will be decreased by dp, , and its mass — by Vdp,_ , i.e.

Vdp
(1) dt = —Tm :

The equality (11) in a dimensionless form will be:
12 dt=—t dp_m—constdp_rn
(2 prar q

For the case of the under-sound outflow assumed with isentropic expansion of
the air, equation (12) gets the form:

k-1
- 2-k
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0

After solving equation (13) and replacing the values for Mah number, the
dimensionless time of the air outflow from the circuit chamber to the atmosphere is
obtained as:

. p )
(14) t:1.24[P ]

Px =30kPa; D=22mm; 5=04mm
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from where it follows that the duration of the sub-sound outflow depends on the rela-
tion between the counter-pressure and the initial pressure in the circuit chamber:

Fig. 4 shows the experimentally determined amplitude-frequency characteristics
of the throttle-diaphragm element. The bound working frequency is 54 Hz, which ena-
bles the wide practical use of these elements, respectively of the air-operated multi-
input logical “OR” module designed.

4. An example of the application of the logical “OR” module

One application of the air-operated multi-input logical “OR” module can be in a decod-
ing circuit of pneumatic signals controlling the process of recognition and painting of
pneumatic cylinder cases of different size by robots. The cylinders are hanged on a
slow moving conveyer line. Pneumatic acoustic sensors [3] are used to determine the
presence and type of the cylinder to be painted when it reaches the working position.
The principal diagram of the decoder containing passive logical “OR” elements
for signal coding and an active logical “OR” element for system starting, is shown in
Fig. 5. Signals S0-S9 from the corresponding sensor devices AS0-AS9 (acoustic sen-
sors in the case), are connected to the decoder outputs I-1V with the help of a pyramidal
circuit of passive logical “OR” elements and also to a specially designed logical mod-
ule M, which is a multi-input active logical “OR” element with an inverted output.

Fig. 5

When actuating any of the acoustic sensors AS, its pneumatic output signal en-
ters the corresponding decoder output bus after logical processing and at the same
time, with the help of logical module M, it is input to the system for starting its work. If
we assume that sensor AS; is actuated, a pneumatic information signal will be obtained
at output buses Il and I1. If assumed that each bus possesses as a number the respec-
tive degree of the number 2, added 1 (for example, bus I11 is assigned 23-1 = 22), then
a combination of pneumatic signals will be obtained at the output buses, corresponding
to the number of the actuated sensor. Thus for the example considered
6:23—1+23—2 = 22+21_
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The structure and the characteristics of the acoustic sensors and of the air-oper-
ated logical elements are described in publications [1, 3]. The signals obtained from the
sensors are logically processed by the “OR” module or by the decoding circuit. An
output signal describing the type of the cylinder that is to be painted is encoded with the
help of a decoder and the module outputs a signal, which starts the system controlling
the painting process. The laboratory tests of the system with reference to the recogni-
tion and encoding of the type of the cylinders painted by a robot, have shown good
accuracy, satisfactory high speed and reliability of work under heavy exploitation con-
ditions.

5. Conclusions

On the basis of the results obtained from the theoretic-experimental investigations of
the air-operated multi-input logical “OR” module designed, the following more impor-
tant conclusions can be made:

— an approach is suggested for the engineering calculation of the throttle-dia-
phragm elements comprising an air-operated multi-input logical “OR” module;

—on the basis of the throttle-diaphragm elements, an 18-input air-operated logical
OR element is designed,;

— on the basis of flow elements of FALOMA fluid system, a decoding circuit of
pneumatic signals is synthesized for encoding objects that have reached the working
position in a transportation line,

— some significant results have been obtained during the laboratory tests of the
process of recognition and encoding the type of cylinders painted by a robot, with the
help of the system proposed, which includes acoustic sensors, a pneumatic decoding
circuit and an OR module. These results are the basis for high evaluation of the device
applicability in practice and especially its use for operation under hard working condi-
tions — heavy dust loading and contamination of the working environment, rapid altera-
tions of the temperature and electromagnetic fields, strong vibrations and oscillating
movements of the objects controlled.
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[THeBMaTH4YeH MHOTOBXO/IOB JIoTHuecku Moy “MJIA”

Bbozoan Il1. Cmosanos, Baaiiko C. Iletues, ﬁopdaﬂ U. Besszos

Huemumym no ungopmayuonnu mexnonocuu, 1113 Cogus

(Pe3wmMme)

Ha 6a3ata Ha MeMOpaHHO JIPOCETHU eNIEMEHTH € pa3padoTeH 18-BXx010B MHEBMATHYCH
noruyecku Moy “Vnu”. MI3BeneHn ca 3aBUCHMOCTHTE 32 ONpeeisHe Ha mporeca
Ha NPEBKIIOYBAHE HA MEMOPAaHHO JPOCEITHUTE eIeMEHTH Ha Moay/ia. CHHTe3upaHa e
JIOTUYECKa CXeMa Ha JeIH(paTop Ha MHEBMATUYHY CUTHAJIH 33 KOIUPAHE Ha O0CKTH,
JOCTHTHAII pabOTHA MO3UIIKsI B KOHBeliepHa THHHA. Pa3rienan e KOHKpeTeH npumep
Ha MPUIIOKEHHE.
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