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SYNTHESIS AND ANALYSIS OF CONTROL SCHEMES OF HYDROPNEUMATIC DRIVES

The method of analysis of circuits of hydropneumatic actuators is offered, which allows to detect and eliminate existing design errors, mainly related
to the inconsistency of inputs operating between technological operations and "power struggle" on actuators, as well as the method of synthesis to
obtain the scheme, which contains close to the minimum number of logical elements. A formalized method of analysis of control circuits of
hydropneumatic actuators is proposed, which allows to detect and eliminate errors possible during synthesis. Equations of output functions and internal
states of the system are written directly according to the scheme of the hydropneumatic drive by the method of standard positional structure and from
the matrix of correspondences by the method of minimization. Error detection is carried out by determining the correctness of the graph of operations,
analysis of the input sequence, the correctness of the matrix of correspondences and the corresponding system of equations. The efficiency of using the
matrix of correspondences of M. Cherkashenko for the analysis of schemes is shown, the dimension of which does not depend on the number of inputs
and outputs, but only on the number of transitions between technological operations. Further, it is not difficult to correct errors in the design and, if
necessary, make appropriate adjustments to the scheme. When adjusting the scheme, the method of combining the functional and logical capabilities of
the distribution equipment, as well as the modules built on it, was also used. The proposed method is an effective means of detecting errors,
inaccuracies, performance checks, rational construction of circuits, and can be widely used by designers of control systems for hydropneumatic
actuators, as well as university students in the study of methods of construction of circuits.
Keywords: hydropneumatic drive, scheme, synthesis, analysis, control system, technological equipment.

O. B.JIHHHHUK, M. B. YEPKAIIIEHKO, H. M. DATEEBA, O. M. DATEEB, B. A. IOHOMAPLOB
CHHTE3 I AHAJII3 CXEM YIIPABJIIHHSA I'TIPOITHEBMOITPUBOJJAMHU

IIponoHyeThCsl METOJ aHANi3y CXEM TiAPOMHCBMONPHBOAIB, IO JO3BOJSE BUSBHTH 1 YCYHYTH HAasBHI IIOMWJIKM IPU TPOCKTYBaHHI, B OCHOBHOMY,
MOB'AI3aHI 3 CYNEPEWwINBICTIO BXOJIB, IO AiOTh M TEXHOJIOTIYHUMH OIEPALliSIMH, i «CHJIOBOIO OOPOTHOOH» Ha BUKOHABYHMX NMPUCTPOSX, a TAKOXK
METOl CHHTE3Y, 10 JO3BOJIIE OTPUMATH CXEMY, SIKa MICTHTh OJIM3bKE O MiHIMaJIbHOIO YHCIIO JIOTIYHUX eneMeHTiB. [IpononyeTbes opmaiizoBaHuii
METOJ] aHali3y CXeM CHCTeM YIPAaBIiHHS TiAPONHEBMOIPHBOIIB, IO JO3BOJISE BHSBUTH i YCYHYTH IOMWJIKM, MOXJIMBI NpU CHHTE3l. PiBHSHHA
(yHKLI# BUXOIIB 1 BHYTPIIIHIX CTaHIB CUCTEMHU BUIIUCYIOTHCS OE3MI0CEPETHBO 32 CXEMOIO TiAPOIMHEBMONPHUBO/A ITPU METOAI CTAHAAPTHOI MO3ULIHHOT
CTPYKTYpPHU Ta 3 MATPHUL BLIAMNOBIJHOCTEH MPU METOl MiHiMi3awil. BUsBICHHS OMIIOK 3/iHCHIOETECS BU3HAUYCHHSIM KOPEKTHOCTI rpada omepaiii,
aHaJIi3y BXiITHOI MMOCNIJOBHOCTI, KOPEKTHOCTI MaTPHIIi BiIOBIIHOCTEH 1 BiAMOBiMHOI ccTeMH piBHsAHB. [loka3aHa eheKTUBHICTE BUKOPUCTAHHS IS
aHayi3y cxeMm Matpuui BianosigHocTed M. B. UepkaieHKo, po3MipHICTB SIKOi HE 3aJIeKHUTh BiJl YHMCJa BXOJIB 1 BUXO/IB, a JIMIIE BiJl YMCIIa MEPEXO/iB
MiX TEXHOJIOTIYHUMH omepauismMu. Jlaimi He CKiajae TPyAHOLIIB BHIPABICHHS IIOMUIIOK HPU NPOEKTYBAaHHI i, NPU HEOOXiJHOCTI, 3/iHCHEHHS
BIJITIOBITHOTO KOpPHUTYBaHHS cxeMHu. [Ipu KOpUTyBaHHI CXeMH BHKOPHCTAaHO TaKOX METOJ MOE€THAHHS (YHKI[IOHAIBHHUX i JIOTIYHHX MOXKJIMBOCTEH
PO3MOAIBHOI amapatypu, a TaKoK MOOYJOBaHMX Ha HiM MOAYNiB. 3alpONOHOBAHUI MeToJ € e()EeKTHBHHM 3acO00M BHSBJICHHS HOMMIIOK,
HETOYHOCTEH, NMEepeBIipKU Ipale3faTHOCTI, PallioHaIbHOI MOOYIOBH CXeM, I MOKe OyTH IIMPOKO BHKOPHUCTaHWH HPOCKTYBaJIbHHKAMH CHCTEM
YIpPaBIIiHHS TiAPOMHEBMONIPUBOIIB, @ TAKOK CTYACHTAMH BY3iB IIPH BUBUCHHI METOJIIB TOOY/IOBU CXEM.
Ku11040Bi cJ10Ba: riiponHEBMONPUBOJI, CXEMa, CHHTE3, aHaJli3, CUCTEMA YIIPaBJIiHHS, TEXHOJIOTIYHE 00NaHaHHS.

A. B.IUHHUK, M. B. YEPKAIIIEHKO, H. H. PATEEBA, A. H. PATEEB, B. A. IOHOMAPEB
CHUHTE3 U AHAJIN3 CXEM YIIPABJIEHUA T'NIPOITHEBMOITPUBOJJAMUA

Ipeanaraercs MeTOA aHaIM3a CXEM T'MAPOIHEBMOIPHBOJOB, MO3BONSIOIIMI BBIIBUTh M YCTPAHUTh UMEIONINECS OMIMOKM NPH MPOCKTUPOBAHUHM, B
OCHOBHOM, CBSI3aHHBIC C IIPOTHBOPEUHBOCTBIO BXOJOB, JCHCTBYIOIIMX MEXAY TEXHOJIOTMYECKMMH ONEpallsiMH, M «CHIIOBOH OopnOoii» Ha
UCTIONHHUTENBHBIX YCTPOICTBAX, a TaKKe METOJ CHHTE3a, IMO3BOILIOMUK MOMYYHTh CXEMY, COAEpPXKAaIlyl0 OMHM3KYIl0 K MHHHMAIbHOMY YHCIIO
joruueckux 3nemenTtoB. Ilpemnaraercs (hopMaaM30BaHHBIA METOA aHANM3a CXEM CHCTEM YIPABICHHS THIAPOITHEBMOINPHBOAAMH, MO3BOJISFOLIHI
BBISIBUTh U YCTPAaHUTh OMIMOKH, BO3MOXKHBIC IPH CHHTe3€. YpaBHEHUs (YHKIUH BBIXOJOB M BHYTPEHHHX COCTOSHUI CHCTEMBI BBIITHCHIBAIOTCS
HEMOCPEICTBEHHO II0 CXeMe THIPOIHEBMONPHUBOAA NIPU METOAE CTAHAAPTHOH MO3HUIHOHHOH CTPYKTYPBHI M M3 MATPHIIBI COOTBETCTBUII IIPH MeTOxe
MHMHHMHU3alUK. BhisBiIeHne OMMOOK OCYIIECTBISIETCS ONpeJelieHHeM KOPPEKTHOCTH rpada orepanuii, aHaan3a BXOIHOH IOCIIE0BATENbHOCTH,
KOPPEKTHOCTH MATPUIIBI COOTBETCTBHH M COOTBETCTBYIOIIEH cHCTeMbl ypaBHeHMH. IlokazaHa 3((eKTHBHOCTH MCIHOJB30BAHMS ULl aHAIHM3A CXEM
MaTpuIsl cootBeTcTBUil M. B. UepkareHko, pa3MepHOCTh KOTOPOH HE 3aBHUCHUT OT YHCIIA BXOAOB U BBIXOAOB, & TOJHKO OT YHCIIA MEPEXOI0B MEXKIY
TEXHOJOTHYECKMMH onepanmsiMi. Jlajmee He cocTaBiseT TPyJHOCTEl HCIpaBiIcHHE ONIMOOK NPH NPOSKTHPOBAHMM W, NPH HEOOXOIMMOCTH,
OCYIIECTBIICHHSI COOTBETCTBYIOLICH KOPPEKTUPOBKHM CcXeMbl. [Ipy KOppEeKTHpOBKE CXEMbI HCIIONB30BAH METOJ COYETaHHsl (YHKIMOHAIHHBIX H
JIOTHYECKUX BO3MOXHOCTEH pacHpeleNuTeIbHON anmapaTtypsl, a TakKe IOCTPOCHHBIX Ha Hell mopyneil. Ilpemmaraemblit MeTon sIBIsSIeTCS
3 (EKTUBHBIM CPEACTBOM BBIABICHHS OLIMOOK, HETOYHOCTEH, MPOBEPKU PabOTOCIIOCOOHOCTH, PAlMOHAIBHOIO IIOCTPOCHHS CXEM, U MOXET OBITh
LIMPOKO HCIIOIb30BaH IPOEKTUPOBLIMKAMHM CHCTEM YIPABJIEHUS TUAPOINHEBMOIIPUBOIOB, a TAaKXKe CTYJCHTaMH BY30B NP M3yYEHUM METOJOB
MIOCTPOCHHUS CXEM.
KiioueBble ¢10Ba: IUAPOITHEBMOIIPHBO, CXEMa, CHHTE3, aHAIIN3, CHCTEMA YIIPaBIICHHs, TEXHOIOTUYECKOe 000pyI0BaHHUE.

inconsistency of transitions between technological
operations and “power struggle” on the working

Introduction. Analysis of previous work [1-8]
related to the design of modern control systems for

hydropneumatic drives, showed that the study and
solution of many issues related to further improving the
efficiency and quality of design of hydropneumatic units
remain relevant today. When designing modern control
systems for hydropneumatic drives of technological
equipment, errors are possible, mainly related to the

mechanisms. The problem of analysis solves the problems
associated with the detection of errors in the design of
hydropneumatic systems and their elimination at the
stages of synthesis.

Analysis of the state of the issue. From the existing
approaches to the synthesis of circuits of hydropneumatic
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drives can be divided into three, one of which (element)
involves the expression of output signals through the input
with sequential input of memory elements (ME), and the
second — standard memory location of the device with
simultaneous indication of time intervals (aggregate, using
a command apparatus). The third, based on the symbiosis
of the first two and proposed by professor
M. Cherkashenko, combines the positive features of the
two mentioned above.

The main advantage of the elemental approach is that
the circuit obtained as a result of the design contains close
to the minimum number of logical elements.

In general, the main disadvantages of the elemental
approach are: consistent informal introduction of ME and
placement of internal states; joint minimization of the
system of logical equations of a large number of variables
with the help of Carnot maps (which for control machines
of large dimension becomes impossible even with the use
of computers) or informal extension of sets that cause
transitions from one technological operation to another.

The aggregate  approach  eliminates  these
shortcomings of the elemental approach due to the
possibility of synthesizing the circuit of control machines
(CM) from individual blocks, which simplifies its
construction and reduces the design time. The main
disadvantage of the aggregate approach is the redundancy
of the structure, which complicates the scheme of CM.

This article proposes a formalized method of
analysis of control circuits of hydropneumatic units,
which allows to detect and eliminate errors possible
during synthesis.

As a description of the control system, it is advisable
to choose a graph of operations [9], which has known
advantages over other formalized methods of description.
Equations of output functions and internal states of the
system are written directly according to the scheme of the
hydropneumatic drive. Error detection is carried out by
determining the correctness of the graph of operations,
analysis of the input sequence, the correctness of the
matrix of correspondences and the corresponding system
of equations [10-12]. Further, it is not difficult to correct
errors in the design and, if necessary, make appropriate
adjustments to the scheme.

Consider the method of analysis on the example of
the designed pneumatic control scheme of the pipe cutting
machine.

Main part. Segments of pipes of different lengths
with machined ends are very often used in technology.
Processing is carried out by means of the power heads
located on two parties of the special machine. The heads
can be adjusted to different lengths of pipe sections. The
manipulating system for feeding and removing
workpieces can be relatively simply made by pneumatic
means. The pipes are fed to the machine from the store,
and the finished parts come from the machine back to the
store. During machining, the parts are clamped and the
tool performs the necessary movements. The tool will be
fed evenly if you install a hydraulic brake cylinder (Fig. 1)
in parallel with the working cylinder [13].

Pneumatic cylinders C1-C6 (outputs Z;—Z) serve as
executive devices (ED) of the pipe-cutting machine.

Cylinder C1 (dispenser) opens and feeds the pipe to the
supply lever, it is controlled by a limit switch (LS) Xs,
then the dispenser 8 is closed (position is controlled by LS
X,). The rotary cylinder C2 lowers the pipe down to the
machining position (the position is controlled by the LS
Xs). The pipe clamp is performed by the clamping
cylinders C3 and C4, which is controlled by LS X; and Xq.
After clamping the pipe, the linear module cylinder C5 is
turned on and the pipe is processed (position is controlled
by LS Xy1). After processing the pipe, the cylinder C5
returns to its original position (position is controlled by
LS Xj0). Then the pipe is unclamped by cylinders C3 and
C4, which is controlled by LS Xg and Xg. After
unclamping the pipe, the ejector cylinder C6 is triggered
(position is controlled by LS X;3). Then the ejector C6 and
the rotary cylinder C2 return to their original position
simultaneously (the position is controlled by LS X;, and

Fig. 1. Technological scheme of the pipe cutting machine:
1 - clamping cylinder (C3 and C4); 2 — machine bed;
3 — workpiece; 4 — conveyor to remove finished parts; 5 — cutter;
6 — linear module (C5); 7 — shop with billets of pipes;

8 — pneumatic cylinder (C1); 9 — feeding lever; 10 — rotary
cylinder (C2); 11 — ejector (C6); 12 — tool head; 13 — electric
motor; 14 — module "screw nut"; 15 — emphasis; 16 — brake
hydraulic cylinder

The work cycle begins by pressing the start button
X1=1, and the dispenser C1 opens (Z;=1), then the

signal from the LS X3 =1 dispenser C1 closes (Z, =1),

pressing at the end of the LS, the signal X, = 1 from which
the pipe is lowered to processing position (Z, = 1). Next,
the signal Xs=1 cylinders C3 and C4 perform a pipe
clamp (Z3=1 and Z,=1). Then the signals X;=1 and
Xo=1 are processed pipe (Zs=1). After processing the
pipe, the cylinder C5 returns to its original position at the
signal X33 =1 (Z; =1). Next, the signal X;o =1 cylinders
C3 and C4 perform the expansion of the pipe (Z, =1 i

Z,=1). On signals Xs=1 and Xg=1 the ejector C6
(Zs = 1) works. Next, at the signal X;3 =1, the cylinders
C2 and C6 return to their original position (Z, =1 i
Z,=1).

The purpose of the actuators, as well as their
interaction with the input devices are shown in Table 1.

Formalization of the description of work of systems
of hydro- or pneumatic drives of technological object
allows to pass from the verbal description of work of
system to the mathematical description necessary for
realization of structural synthesis of the logical scheme of
control system (CS).
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Table 1 - Interaction of input and actuators

Output signals Input signals

Marking Name Star'ti'ng The 'fi'nal
position position

Z; Dispenser X, X3

Z, Turn X4 Xs

Z3,Z, Clamp/Squeezing Xe, Xg X7, Xg
Zs Tool feed X10 X11
Zg Ejector X1z X13

Formalized description of the scheme is depicted as a
graph of operations. A graph is a system of points called
vertices and a system of lines connecting these points,
called edges. An edge with a direction is called an arc. An
arc that emerges from one vertex and enters it is called a
loop. The graph of operations is used as a language to
describe the operation of control systems for hydraulic
and pneumatic drives. In this capacity, use an oriented
graph, in which each edge connecting the two vertices is
given a certain orientation relative to the vertices. Under
the graph of operations means an oriented graph, the
vertices of which correspond to the operations of the
technological process, and its arcs — the transitions from
one operation to another. Sequences of the form Q,—Z,
are written on the arcs of the graph of operations (ie
formulas of this type: if the condition Q, is valid, then the
condition Z, is valid). Q, is an input set of CS, containing
the outputs of X; nodes, the influence of X, from manual
controls, and others. The Q, set transfers the CS from one
operation to another. The output set of CM Z, contains the
inputs of nodes that have changed their values at this
transition. The graph of transitions in the general case
consists of contours, each of which corresponds to one
program of work of CM. Based on the technical task, we
construct an oriented graph of operations (Fig. 2), ie the
vertices of the graph correspond to the number of
technological operations, and the arcs of the graph
correspond to the transitions from one operation to
another.

v
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Fig. 2. Oriented graph of operations

The next stage of logical design after compiling a
formalized description is no less important — structural
synthesis.

The choice of the method of structural synthesis is
determined by many factors, such as the complexity of the
structure, the speed of the scheme, and others.

The principle of construction of schemes with use of
standard positional structure is based on a method of
construction of the scheme directly on the graph of

operations. It uses a command-and-control method of
construction. Moreover, the number of memory elements
of the command apparatus is chosen to be equal to the
number of vertices of the graph of operations. Thus, a
single coding of the internal states of the system is
performed, and the number of internal states coincides
with the number of operations of the technological
process. Functions of inclusion of ME S =f (P, Y) depend
on the corresponding input influence and on value of an
exit of the previous ME:

Si = PiYi-1,

where S; — the signal of the i-th ME; p; — input set that
transfers the system from one state to another in the i-th
transition; y;; — the output of the memory item in the
previous transition (i—1). The next transition after the last
transition is the first.

For the automatic operation of the CS, the function
of including the first ME will look like this:

S1= Por (X1 + Yn),

where S; — signal to turn on the first ME; po — input set
from the actuators in the initial position; X; — input signal
that includes the CS (usually the "START" button); y, —
output of the last ME.

For semi-automatic mode:

S1= Po-Xy.

If there are two modes of operation of the CS — semi-
automatic and automatic — the function of the first ME
will look like this:

S1=po (X1 + X, ¥n),

where X, — signal from the operating mode switch
corresponding to the automatic mode.

Output functions Z =f(y) depend only on internal
states and do not depend on input sets:

Zm =VYi
where Z,, — output function m.
So, functions on/off of memory elements:
Sy = XoXaXeXgX10X12+ (X1 + ¥0); R1 = Y25 S = Xa+y1; Ra =3,
S3=Xa¥2y  Rs=Va Ro=VYs  Si=Xsys Ry=Ys
S5 =XiXo'Yar Rs=VYe Se=Xu¥si Re=Yyrn S7=XuYe

R7 = Ys; Sg = XsXg'Y7; Rg = Yo; Sg = X13-Ys; Rg = Y.

Functions of output signals: Z, =y;; Z, = y,; Z, = ys;
=Vor Z3=VYa Z3=Y;3 Zs=Yu Z,=Y;i Zs=Ys
= Vs Z6= Yo Zg = Yo
The scheme, built directly on the graph of operations
using a standard positional structure, is shown in Fig. 3.
Thus, using the graph and considering the transition
1/2, we include the first memory element with a signal Xj,
and the output Z; — the signal y;. And further, considering
the transition 2/3, we turn on the signal X3 of the second
memory element, and the signal y, — the output, and so on.
To identify the possibility of untimely actuation of
actuators and "power struggle" on actuators for systems of
small complexity can be illustrated by embedding the
graph of operations in the scan of an n-dimensional cube
on the plane, and placing in the appropriate cells of the
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Fig. 3. Scheme control of the pneumatic drive of the pipe-cutting machine, which is synthesized using a standard positional structure

Carnot map vertices. The presence of two or more vertices
in one cell indicates the ambiguity of two or more
transitions, and, consequently, the need to introduce a
memory element into the circuit [12].

For large-scale systems, the detection of any kind of
contradictions in the scheme (if any) should be done by
constructing a matrix of correspondences (MC), the
dimension of which does not depend on the number of
inputs and outputs, but only on the number of graphs of

operations from the number of technological operations
[10-12].

Method of minimization of the system of logical
equations [10-12, 14, 15]. Let's analyze the input
sequence of signals for the content of the same input sets.

If the input sequence contains the same sets, it is
necessary to break it m into blocks that do not have the
same input sets. The breakdown is carried out in a cycle
from any set, taking into account that the same sets were

14
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not the last in the block. If the breakdown reveals two
blocks, then one memory element is used with two
outputs — direct and inverse (Yy,y). In the absence of

identical sets, a breakdown is not required. Next, we move
on to minimizing logical equations based on the MC.

In this example, the input sequence has the form (see
Fig. 4) and contains the same input sets (marked with
asterisks — *, **, ***),

Po=X2X4XEXBX10X12Y*
P=X1X2XAX6XEX10X12Y
P,=X3X4XEX8X10X12YY

1= {{ X2X4XEX8X10X12Y*,
X2ZX5NEXBX10X12Y**,
X2XSXTHOX10X12Y***,

P3= X2X4X6X8X10K12Y* X2XSXTXIX1IX12YY),

= - -
Pa=X2X5XE6X8X10X12Y [X2XSXTXOX1OX12V***,

X2XSXEXBX10X12Y**,
X2XEXEXBX10X13Y,
K2XAKBKEX 10)(12?‘,
X1X2 >(4)<6X3XID)<12?,
X3XAXEXEX10X12YY}}

P=X2X5XTXOX10X12Y***
Pe=X2X5XTXIX11X12YY

Pr=X2X5XTXOX10X12Y***
Py=X2X5XEX8X10X12¥**
Py=X2X5XEX8X10X13Y

Fig. 4. —Input sequence

Since the number of blocks n=2, one memory
element with two outputs is used — direct and inverse
(y,Y), and the sets corresponding to these blocks are

continued by signals of memory elementsy and ¥y .

To obtain the minimum system of logical equations
(SLE) it is necessary to perform a logical multiplication of
signals that translate the system from one technological
operation to another (according to customer requirements
in this transition), the required minimum number of
signals operating at the same transition. This makes it
possible to prevent unexpected actuation signals of the
ED, taking into account the outputs from the ME. This
operation is called the extension of sets Q, which cause
transitions, and perform it using a MC.

The use of a MC allows to synthesize a SLE
regardless of the number of inputs and outputs, because
the dimension of the MC is determined by the number of
transitions of the control system. The rows of the MC to
the sets P based on the signals y from the outputs of the

memory elements, and the columns correspond to the
signals that cause the transitions of the CM.

A unit is placed at the intersection of a row i and a
column j if all the input signals corresponding to the
column j are included in the input set that corresponds to
the row i, otherwise it is set 0. Contradictory units are
determined by the sequence of contradictory output
signals and are circled. Units corresponding to transitions
are denoted by "fat" units.

In the general case, to eliminate conflicting units, the
signals of the scanned column should be extended by
signals that are present at this transition (where the "fat"
unit) and absent in the transition, where the "circled" unit.
There may be several such signals, but you should strive
for their minimum number. Preference is given to signals
that occur in sets Q fewer times (this results in a minimum
number of logic elements in the circuit). Let's make a
matrix of correspondence with full input sets concerning
the considered example (Table 2). For identical sets in
columns we carry out initial extension by the
corresponding signals from elements of storage (Y, ¥ ).

Consider a column X, there is only one "fat" unit, in
the column Xy, units that stand at the intersection with the
rows XoXsXeXegXioX1y and XoXsX7XoX10X10y, cause the
appearance of the output signal of the CM Z; and Z,.
These units are contradictory and are distinguished by
circles. To eliminate invalid units in the transition with a
"fat" unit and set XoXsX7XoX10X1, ¥V, it is necessary to find

the minimum number of signals that are missing in the

sets  XpXsXeXeX10X12y  and  XoXsX7XoX10X1v.  The
conjunction of the selected signals (for example y) is

extended Xjo and, thus, the contradiction is eliminated.
Signals of extension of sets from above in columns, owing
to elimination of inadmissible units, are allocated in a fat
font. Units that stand at the intersection of a row
XX XeXeX10X1, Yy and a column XoXpXsX;, ¥, a row
Xoxsx7xgx11x15y Y and a column X:Xgy do not require

removal because they disappear when the ME is switched.

Table 2 Correspondence matrix for automatic mode

X1 X3 X2Y | X5-Y [X7X9-¥| X11 | X10-¥ |X6X8X5X12Y | X13
X2X4X6X8X10X12Y* 0 0 @ o | o o |1 @ o @
X1X2X4X6X8X10X12Y 1 0 @ 0 0 0 1 @ 0 | n
X3X4X6X8X10X12YY 0 1 0 0 0 0 1 1 0o |zm s
X2X4X6X8X10X12Y* 0 0 1 0 0 0 1 @ 0 | 722
X2X5X6X8X10X12Y** 0 0 1 1 0 0 @ @ o | z3z4
X2X5X7X9X10X12Y***| 0O 0 1 1 1 0 @ 0 0o | zs
X2X5X7X9X11X12YY 0 0 1 1 1 1 0 0 0 75 R
X2X5X7X9X10X12V*** | ¢ 0 1 @ @ 0 1 0 o | 322
X2X5X6X8X10X12V** | 0 0 1 @ 0 0 1 1 o | z
X2X5X6X8X10X13Y 0 0 @ @ 0 0 1 @ 1 | z2z6
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The lengthening turns the circled units to zero and leads to
the elimination of inconsistencies that cause
malfunctioning of the ED. The logical equations for the
inclusion of ED and ME are obtained in the assemblies of
logical expressions written at the top of the MC, for the
corresponding "fat" unit of the MC output.

Finally we have a system of logical equations:

S=Xs; R=Xu, Zi=Xi+ XXy Z,=X5, Z=Xyy;
Z,=Xys Z3=Zs=Xsy; Zy=2,=XyY; Zs=XXey;
Z_5 = Xll ) 25 = XGXB'X5X12 7 ) Z_G = X13 .

It should be emphasized the need to be able to install
the actuators and the memory element in the initial
position, for which the scheme introduced the "Stop"

button and four valves OR. In addition, the use of the
"Start" button makes it possible to implement a semi-

START

automatic mode of operation of the circuit. To get the
automatic mode, you need to replace the start button with
a toggle switch.

When adjusting the scheme, the method of
combining the functional and logical capabilities of the
distribution equipment, as well as the modules built on it
was used [14, 15].

The final version of the adjusted scheme of the pipe-
cutting machine taking into account all corrections is
presented in Fig. 5.

Conclusions. Thus, the proposed method is an
effective means of detecting errors, inaccuracies,
verification, rational construction of circuits, and can be
widely used by designers of control systems for
hydropneumatic actuators, as well as university students
in the study of methods of construction of circuits.

X1+XAX12

cs

XSYXGXBX12

x13

sTOP

Fig. 5. Scheme control of the pneumatic drive of the pipe-cutting

machine, which is synthesized by the method of minimization
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