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1. Introduction

In a production with explosive nature, the checking of parts’ size can be done with
the help of an automatic device based on fluidic sensors, fluidic logic, and
pneumatic actuators. Thus the risk of accidents associated with sparking and
heating, which is possible in electrical systems, is eliminated. Modern electronic
logic schemes operate with low voltage and the electrical actuators are safe proof,
but the advantages of the air-driven devices under low pressure are that they are
spark-proof, can be easily reconstructed under changing requirements and because
of their technical simplicity are easy to handle and maintained by a personnel with
low qualification.

The creation of such a system is necessary for military plants in the production
of small explosiveness parts. The requirement is to measure linear sizes of the parts
in two points A and B and according to the measurement to rank them into five size
categories. A-norm B-norm; A-small B-small; A-norm B-big; A-big B-norm; A-big
B-big. The cases of combination of norma and small sizes are ranked as good
because of their use. The technology is corrected only if a machine produces parts
with inadmissible sizes that are returned to be completed and the machine is tuned.
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2. Structure and operation of the system

The solution of checking sizes is to use fluidic sensors of a “nozzle-flapper” type
because of their high sensitivity — resolution of hundreds of a millimeter and their
ability for self-cleaning under dusty conditions. Another advantage is the possibility
for their easy tuning. The characteristic of these sensors is not linear but the
condition requires simple reading of three threshold values and not their absolute
measurement. Two equal range adjustable sensors are applied for the two points of
measurement. The sensors adjustment is done by calibres or testing parts. The
signals from the sensors are processed by an elementary logic, they are amplified by
fluidic pressure and flow converters and are applied to air-driven actuators.

The principle of operation of the fluidic system for checking and sorting is
discrete (Fig. 1).

Fig. 1

The parts (1) come through a conveyor (2) and stop in front of a plunger (3),
starting from position 1 (Posl). The next part is pushed from the conveyor and
positioned for measurement under the sensors SA and SB in position 2 (Pos2) for
checking as it reaches the end switch (ES 2). The signal received from ES 2 turns
the motion of the plunger that turns back to position 1, leaving the checked part in
position 2. The next part comes from the conveyor in front of the plunger. A signal
to power on the sensors is received when the plunger reaches the end position 1 via
the end switch 1 (ES 1). The received signals from the sensors, through a logic
scheme, open the respective bunker (4) that stays open. In the meantime, the
plunger starts to push a new part from position 1 to position 2. The new part pushes
down the measured part and it falls down either into the open bunker I, 11, I11, IV, or
into a bunker without a hatch (5). When the plunger positions the new part under
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the sensors, the end switch ES 2 issues a signal to close al bunkers and to move
back the plunger.

The logic scheme (Figs. 2 and 3) is built on the basis of fluidic discrete logic
elements without moving parts that operate with air under low pressure. It is
necessary to perform the logical operations shown in Table 1.

Table 1
! Output signal
Case Size Signal from frompthregwold Opens bunker
sensor
element
TR1-0 no open bunker, parts
1 A-small SA0 TR2=0" | tall into bunker without
B-small SB-0 TR3-0 hatch
TR4-0
TR1-1
2 A-norm SA-low TR2-0 bunker |
B-norm SB-low TR3-1
TR4-0
TR1-1
A-norm SA-low TR2-0
3 B-big SB-high TR3-1 bunker 11
TR4-1
TR1-1
A-bi SA-high TR2-1
4 B-nor?n SB-Iog\JN TR3-1 bunker 111
TR4-0
TR1-1
A-big SA-high TR2-1
5 B-big SB-high TR3—1 bunker 1V
TR4-1

The fluidic signal from the sensors’ outputs is sent to the control input of non-
symmetric threshold elements from trigger type (TR1, TR2, TR3, TR4). They
represent a non-symmetric Coanda element with adjustment of the flow in passive
control channel by screws, thus achieving the required switching level. When the
control signal is zero, the trigger goes back to the initial state. The two groups have
two identical elements each and are set up in such a way that, upon respective
values of the linear part sizes, the received sensor signal generates an output signal
1 or 0 according to the size.

The cyclic movements of the plunger are determined by the repetitive
activation of ES 1 and ES 2. The time for one cycle depends on the friction of the
parts to the danting line and the parts weight. This time could be trimmed by
chocking of cylinder's outlets that triggers the plunger. To control the plunger’s
movement, a logic scheme is used as well, that is built of fluidic pneumatic
elements.

The actuators of the system are pneumatic cylinders operating at standard low
pressure. The low-level signal from the logic elements is amplified by pneumatic
amplifiers. In the scheme, a switch is intended for starting and stopping, that is aso
pneumatic.
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The system is supplied with compressed air, prepared by filtering, drying, and
regulating to the required pressure done by a standard air conditioning group. To
supply the logic scheme, an additional reducer for very low pressure is used.

The actuators for opening the bunker’'s hatches are single-acting pneumatic
cylinders. The plunger is triggered by a double-acting pneumatic cylinder. All
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cylinders’ sealing does naot require maintenance and lubrication, which makes the
preparation of the air under pressure ssmpler.

3. Characteristics of the fluidic sensor

3.1. Operationa principle of the sensor

The general scheme of the fluidic sensor of “nozzle-flapper” type, used in the
system, isshown in Fig. 4.

Ps

Y

Fig. 4

Its basic elements are: permanent choke (1), emitting nozzle (2), intermediate
chamber (4) and changeable choke formed between the emitting nozzle and the
“flapper” — detail (3). The permanent choke has a non section (F) determined by the
diameter d, and the changing choke has a section (f) representing a cylindrical
surface determined by the diameter (D) of the emitting nozzle and the distance X to
the detail. The reception of an information signal P, for the change of distance X is
aresult of the change of the static pressure in the intermediate chamber (4) caused
by alteration of the section f of the changing choke. The changein that pressure (Po)
according to the distance (X) between the emitting nozzle and the detail represents
the operational characteristic of the sensor.

3.2. Operational characteristic of the sensor

The equation of the operational static characteristic of the considered pneumatic
sensor, at subcritical flowing through both chokes, is derived [5] using the equation
for the flow of the air
(1) p PC/f* :

° C2f?+C2z%D2X?2
where f isthe areaof the cross section of the permanent choke; C, and C,arethe
corrected coefficients of the air flow through the permanent and the changing
choke, respectively, determined by the equations:
(2 C,=0.8329-0.4334f +0.4519f 2,
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3) C, =0.8329— 0.4334F +0.4519F 2.

In Fig. 5 the graphical image of the characteristics of the sensor are shown
with the most common diameters of the permanent (d = 1 mm) and a changing

choke (D = 3 mm), with supply pressure Pg= 140 kPa, obtained actualy
[Pyo= f(X)], and according to the semi-empirica equation [Pye = f (X)]. The

results confirm the correctness of the accepted approach for more accurate
analytical determination of the operational characteristic of the sensor.
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3.3. Sensibility of the sensor to input signal

Sensibility of sensors of the type “nozzle-flapper”: with respect to the input signal is
determined by the declivity S (S= AR, /AX)of the static characteristic in its

operational sector. In a number of papers [1, 3, 4] algorithms and methods are
proposed to increase the sensibility (the ratio coefficient) of the sensors of the
considered type with the help of change of the sizes and the form of the chokes and
the intermediate chamber (4). In cases of aready built pneumatic sensor, its
sensibility can be increased by increasing the supplying pressure P . An empirical
equation is derived [5] to determine sensibility of the sensor to the input signal:

4 s=2F _g20p, .
AX

Asit can be seen by equation (4), the changing sensibility of the output signal
with respect to the change of the distance X between the sensor and the barrier is
changing proportionally to the supplying pressure value. This fact should be
considered when choosing the operational supply pressure of the sensor, as well as
the fact that it should have a constant value stabilized in the course of operation by
suitable means.
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4. The characteristics of a sorting system

The laboratory model of the sorting system has shown a sufficient for the practice
accuracy. In its realization the parameters would improve with the use of
appropriate materials and processing. Fastness is not big because of the cyclic mode
of operation — about 100 measurements per minute. A system with a rotary mode
would be more efficient. The implemented materials and the air supply provide high
explosiveness proof. The construction is simple and easy to tune and maintain.

5. Conclusions

Based on the theoretic and experimental results obtained from the conducted
research, the following more important conclusions can be drawn:

e A prototype is built of afluidic sorting system for explosiveness parts with
small size that is applicable for passive checking of parts in the products of some
military production.

e A logic schemeis developed for automation of the sorting process based on
fluidic elements.

e A pneumatic sensor of a “nozzle-flapper” type is developed and a semi-
empirical relation is proposed to determine its static characteristic, where corrected
coefficients of the flow are introduced for subcritical air flow through the
permanent and changing choke of the sensor. Thus a bigger confidence is achieved
in the determination of the output information signal in the sector of sensor
triggering.
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dnrouHas cucTeMa Jisi KOHTPOJIS M COPTUPOBAHUS JieTaen
B 9KCIUIO3UBHOM cpejie

Bnatixo Ileiiues, boeoan Cmosnos, Hopoan beszos

Hucmumym unghopmayuonnvix mexnonoeuit, 1113 Cogpus

(Pe3ome)

PaccmarpuBaeTcs cucreMa KOHTPOJII W COPTHPOBAaHWS MAaJCHBKHX JeTalieil B
9KCIUIO3MBHOM  cpexe. Cucrema  BKJIIOYaeT  KOHBeWep, M3MepBaTENIbHOE
o0opyoBaHue, ABa OpUTHHANBHBIE (IFOMIIHBIC CEHCOpa THIIA ,J03a-BEHTHIL H
NATh KOHTEMHEpOB sl TOTOBBIX dYacTed. IIpoBepka pa3mMepoB U JIOTHKa
OasupyroTcs Ha (DIIOMIHBIX JTOTHYECKUX dJIeMeHTax. [IpuBOa CHCTEMBI Ha OCHOBE
BO3JIyXa HUCKOTO JTABJICHUSI.
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