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METHOD OF SOFTWARE CONTROL OF MOTION PARAMETERS OF THE OUTPUT ELEMENT OF
THE PNEUMATIC UNIT BY CHANGING THE EFFECTIVE AREAS OF CONTROL LINES

Control of position pneumatic units includes tasks of precise positioning, speed and acceleration control, as well as ensuring reliability and safety of
operation. Existing control methods can range from simple mechanical solutions to complex programmable systems using modern automation
technologies and intelligent algorithms. In the context of dynamically changing production requirements and the need to improve the accuracy of
operations, the development and implementation of new control methods become particularly relevant. This requires a deep understanding of both
physical principles of pneumatic units operation and modern approaches to automation and control of technological processes. Two available methods
of program control of pneumatic unit output motion parameters exist. The first method consists of changing the effective areas of control lines, and the
second — is changing the value of braking force developed by the external braking device. The first method is suggested for the open loop program-
time control, as the second method will cause energy losses due to the need to work to overcome the friction force developed by the braking device. A
control algorithm for a position pneumatic unit is proposed, which is a set of consecutive values of the control signal. These values are not connected
with each other by analytical dependence, so the simplest way of their assignment is tabular. It is assumed that the entire set of control signal values is
simply entered into the controller's memory, and at set intervals the control signal is changed according to the table. The described control algorithm is
quite simple to implement. It is possible to use two methods of regulation at open-loop program-time control, depending on the type of applied
distribution equipment — analog and discrete-analog. The analog method allows the setting influence to be worked out more accurately but requires
more expensive hardware costs; the discrete-analog method is less accurate, easier to implement, and more reliable. The essence of the discrete-analog
method of regulation consists in replacement of exact analog values of effective areas by approximate ones, which are chosen as the nearest from a
limited range of values provided by discrete distribution equipment.
Keywords: position pneumatic unit, control algorithm, distribution equipment, effective area, controller, control signal.

O. M. ®ATEEB, H. M. DATEEBA, A. B. IIIHAH, B. B. IT0JIAKOB, B. 0. BOHKO

METO/I MPOTPAMHOT'O PETYJIOBAHHS TAPAMETPIB PYXY BUXIJTHOI JJAHKH
ITHEBMOATPET'ATY 3A JOIIOMOI'OI0 3MIHU E@EKTUBHUX I1J101I1 JITHIN YIIPABJITHHS

VnpaBniHHA NO3MUIHMMK IHEBMOArperaTaMi BKIIOYae B ceOe 3a[adi TOYHOTO IO3HLIIOBAHHS, KOHTPONIO IIBUJKOCTI Ta NMPHCKOPEHHS, a TaKoX
3a0e3neueH s HaiiHOCTI Ta Oe3meku poOoTH. ICHYIYi METOaM YNpaBIiHHS MOXXYTh BapirOBAaTHCS BiJ MPOCTHX MEXaHIYHHMX PIIICHb IO CKIIATHUX
HPOrPaMOBaHUX CHCTEM, IO BHUKOPHCTOBYIOTh CYYacCHI TEXHOJIOTii aBTOMAaTH3allii Ta iHTEIEKTyalbHi alropuTMH. B yMoBaX JMHAaMi4HO MiHJIMBHX
BUPOOHMYMX BHMOI i HEOOXITHOCTI MiABHIIEHHS TOYHOCTI Omepaliil, po3poOka i BOPOBAa/PKEHHS HOBUX METOJIB YHPABIIHHS CTalOTh OCOOJIHMBO
akTyanpHUMH. 1{e BuMarae ramGokoro po3ymiHHS K (i3MYHUX MPUHIMIIB POOOTH IMHEBMOArperariB, Tak i Cy4acHUX MiIXOJIB O aBTOMAaTH3aLll Ta
KOHTPOJIFO TEXHOJIOIIYHHUX MPOLECiB. ICHYe nBa JOCTYIMHHUX CIIOCOOHM MPOTrPaMHOIO PETryJIIOBAHHS MapaMeTpiB PyXy BUXiJIHOI JIAHKU ITHEBMOArperara.
IMepumit momnsirae y 3miHi eheKTUBHUX IUIONI JIiHI YIpaBiiHHSA, @ APYrHd — y 3MiHI BEIMYMHH CHJIM TajJbMyBaHHS, IO CTBOPIOETHCS 30BHIIIHIM
rajJbMiBHUM OPUCTPOEM. [IIsi PO3IMKHYTOTO MPOrpaMHO-4aCOBOTO YIPABIIHHS MPOMOHYETHCS BUKOPUCTAHHS MEPLIOr0 CHOCO0Y, OCKIIBKH Mij yac
BUKOPHUCTAHHS JIPYroro 3'ABISIOTHCS €HEPreTUUYHI BTPATH, 3yMOBJICHI HEOOXIHICTIO 3/iliCHEHHS POOOTH 3 MOONIAHHS CHIIH TEPTS, IJ0 CTBOPIOETHCS
rallbMiBHIM IIPUCTPOEM. 3alpOIIOHOBAHO AJITOPUTM YIPABIIHHS MO3ULIMHAM ITHEBMOArpPEratoM, SKHil SBJsSE COOOK CYKYITHICTH MOCIIIOBHHX
3HA4€Hb CUTHaJy ynpamiiHHA. Lli 3HaueHHs He MOB'A3aHI MK COOOI aHAJITUYHOIO 3AJISKHICTIO, TOMY HAMIPOCTIIIMM CHOCOOOM iXHIX 3aBIaHb €
Tabnuunmii. [lepenbadaeTses, 0 BCsI CYKYIHICT 3HAYEHDb CHIHAITY YIIPABIIHHS IIPOCTO BBOJHUTHCS B TIaM'sITh KOHTPOJIEPA, 1 Yepe3 3a1aHi HPOMIXKKI
Jacy Bi/IOyBaeTbCs 3MiHA CHTHAIY YNpPaBJIiHHS BiINOBIAHO 710 Tabmmni. OnncaHuid alropuT™ YIpaBiliHHS JOCHTh NMPOCTHiT y peanizanii. Mosximse
BHUKOPHCTAHHS JIBOX CIIOCOOIB PEryJIOBaHHS i 4Yac PO3IMKHYTOrO MPOTPAMHO-YacOBOTO YIPABIIHHS, L0 3aJ€XaThb BiJl THILY 3aCTOCOBAHOL
PO3MoALTEYOI arnapaTypy, — aHAJIOTOBUH 1 JMCKPETHO-aHAJIOrOBHH. AHAJOTOBHH CIOCIO Ja€ 3MOTY TOUHIIIE BiANpALIOBAaTH BIUIMB, IO 3aJa€, aje
norpedye JOPOXKYHX alapaTypHUX BUTpAT, IUCKPETHO-aHAIOTOBHMII — MCHII TOYHMIA, MpoCTimmii y peamisauii Ta mae Bumty Hagiiiaicts. CyTb
JIUCKPETHO-aHAJIOTOBOTO CIIOCOOY PEryJrOBaHHs IOJISITA€ B 3aMiHI TOYHMX aHAJOrOBUX 3HA4CHb €(DEKTHBHUX IUIOLI HAOIMKCHUMH, SIKI OOMPAIOTh
HalOMDKIMMH 3 00MEKEHOI HU3KH 3HAUEHb, 110 3a0€3MeuyrOThCs JUCKPETHOIO PO3IOALIBHOIO allapaTyporo.

KoarodoBi cioBa: mosuniiiHmii IHEBMoarperar, ajiropHTM YIPaBIiHHA, PO3MOAiNbYa amaparypa, e(eKTHBHA IUIOIIA, KOHTPOJIEP, CHIHAI
YIpaBIIiHHS.

Introduction. Pneumatic units that use compressed accuracy of operations, the development and

air as a working medium play an essential role in the
automation of production processes and the mechanization
of various operations [1; 2]. They are widely used in areas
such as assembly, packaging, material handling, and many
others. The efficiency of pneumatic units largely depends
on the methods used to control their positioning
systems [3]. Control of position pneumatic units includes
tasks of precise positioning, speed and acceleration
control, as well as ensuring reliability and safety of
operation [4; 5].

Existing control methods can range from simple
mechanical solutions to complex programmable systems
using modern automation technologies and intelligent
algorithms [6; 7]. In the context of dynamically changing
production requirements and the need to improve the

implementation of new control methods have become
particularly relevant [8;9]. This requires a deep
understanding of both physical principles of pneumatic
units operation and modern approaches to automation and
control of technological processes.

The study of control methods for position pneumatic
units is relevant due to several key factors. Firstly, with
the increasing competition in the market, companies are
looking to improve the productivity and efficiency of their
processes. With their high responsiveness and ease of use,
pneumatic units are becoming the preferred choice for
many applications. However, to maximize efficiency,
modern control methods must be applied to ensure
accurate and reliable operation [10; 11].

Secondly, with the increasing complexity of
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production processes, there is a need for more flexible and
adaptive control systems. Modern technologies, such as
artificial intelligence and machine learning, open up new
opportunities for optimizing the operation of pneumatic
units [12; 13]. Research and implementation of such
methods allow not only to improve product quality but
also to reduce the time required to perform
operations [14].

Moreover, the safety and reliability issues of
pneumatic unit operations are becoming more and more
relevant in light of increasing requirements for labor
safety and accident risk reduction. Effective control
methods can minimize the probability of errors and ensure
safe working conditions.

Thus, the study of control methods of position
pneumatic units is an important task that contributes to the
development of automation technologies, increasing the
competitiveness of enterprises and ensuring safe working
conditions.

Analysis of the state of the issue. One of the
advantages of open-loop control is the simplicity of design
and circuit solution, which consists of the absence of the
need to use feedback sensors, as well as sensor
communication devices with the model of the control
system. This leads to a significant reduction in the cost of
the pneumatic unit design; however, the lack of feedback
on position increases the error of working out the set point
effect [15].

The considered approach to constructing the control
system will be expedient in those cases when high
requirements for the accuracy of the pneumatic unit are
not imposed.

As discussed in the papers [16; 17], two available
methods of program control of pneumatic unit output
motion parameters exist.

The first method consists of changing the effective
areas of control lines, and the second — is changing the
value of braking force developed by the external braking
device. Obviously, for the open-loop program-time
control, the first method will be the most rational, because
when using the second method, there will be energy losses
due to the need to perform work to overcome the friction
force developed by the braking device [9].

Main part. Let's consider the algorithm of
pneumatic unit control based on program-time change of
values of effective areas of its control lines. The
simplified structural scheme of the unit with such a
control algorithm (see Fig. 1) includes pneumatic engine 1
with inertial load 2, pneumatic engine control lines with
effective areas fi° and £, distribution equipment 3, and
controller 4.

The process of program-time control can be
represented as follows: according to the program entered
into the controller memory, the control signal U(t) values
are determined, depending on time and the computational
algorithm embedded in the program. Further, from the
controller output, the control signal is fed to the
electromagnets of the distribution devices, which
transform the control signal into values of the effective
areas of the control lines, which are also functions of time

f£ (@) and f5 (0).
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Fig 1. Structural scheme of the pneumatic unit

The input for the control system is information about
the movement parameters of the actuator, and the output is
a control signal.

In a control system based on a controller, the control
signal is changed discretely at specified time intervals At,
according to some algorithm set by the designer. The
following number of main factors determines the choice
of Aty value:

- the speed of the control system model (CSM), the
higher the speed of the electronic units, the smaller At, can
be;

- the number of operations that the controller must
perform to work out a given algorithm. The simpler the
algorithm, the fewer operations, and therefore the smaller
the value of At, can be;

- the speed of the object communication devices
(OCD), the higher the speed of the OCD, the smaller the
value of At, can be.

To properly model an accurate scale program-
controlled pneumatic unit system, it is very important to
consider the distributing devices' response time or electro-
pneumatic converters' response time.

Let the response time of the electropneumatic
converter be equal to t, (if there are several
electropneumatic converters in the pneumatic unit system,
it is necessary to take the response time of the slowest of
them as t), and the time of performing operations of the
CSM - t,,;; the speed of the interface, or OCD —t,. Then
the following relations can be used to choose At

Aty =t when ty, + t, < t; Aty =ty + t, when ty + t, > te. (1)

By choosing At, according to (1), we consider the
actual capabilities of the CSM and the actuator.

Thus, changes in the values of effective areas f;°(t)
and f;7(t) occur discretely at time intervals At,. To the
above, the process of determining the control algorithm
can be divided into several stages:

1. determination of the value At, from conditions (1);

2. determination of the law of motion of the output
link, providing the specified technical characteristics;

3. determination of the law of change of effective
area corresponding to the chosen law of motion and
program controllability criteria;
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4. determination of the law of change of the control
signal;

5. determination of the control algorithm, or program
algorithm for the controller, providing the obtained law of
change of the control signal.

The second step may not be necessary if the unit
performs a contour control task and the motion law has
already been set according to the process requirements.

In the third stage, to determine the time law of
effective area change, it is necessary to use the
dependencies given in paper [18], obtained for solving the
inverse problem of pneumatic unit dynamics. However,
since the effective area will change discretely and the time
interval remains constant, it is necessary to average the
obtained values of f°(t) and f;(t) when solving the
inverse problem. In this case, finding the time law of
change of £°(t) and £ (t) is somewhat more complicated
and will consist of a sequential solution of the direct and
inverse problem [19]. In this case, the direct problem is
solved with averaged values over the interval At, and its
solution is necessary for obtaining initial data for solving
the inverse problem. After finding the law of effective
area change, the law of control signal change, providing
the given law of effective area change, can be found using
the switchgear model [20].

Results of the analysis. In accordance with the
above, a simplified flowchart of the process of
determining the control algorithm can be presented

(Fig. 2).
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Fig 2. Flowchart for determining the control algorithm of a
positional pneumatic unit

The resulting control algorithm will be a set of
successive control signal values. As a rule, these values
are not connected with each other by analytical
dependence. Therefore, the simplest way of setting them
is the tabular method. In this case, the entire set of control
signal values is simply entered into the controller memory,
and at specified time intervals At, the control signal is

changed in accordance with the table.

Conclusions. The described control algorithm is
quite simple to implement. At the same time, it should be
noted that there are two possible ways of regulation at
open loop program-time control, depending on the type of
applied distribution equipment — analog and discrete-
analog.

The analog method allows the setting influence to be
worked out more accurately but requires more expensive
hardware costs; the discrete-analog method is less
accurate, easier to implement, and more reliable. The
essence of the discrete-analog method of regulation
consists in the replacement of exact analog values of
effective areas f°(t) and f;’(t) by approximate ones,
which are chosen as the closest from a limited range of
values provided by discrete distribution equipment.
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