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SYNTHESIS OF MINIMAL SCHEMES OF SYSTEMS CONTROL OF HYDRAULIC AND PNEUMATIC
DRIVES

The existing schemes of command apparatus are presented. Their analysis is carried out and the shortcomings are indicated. The scheme of a
fundamentally new command apparatus is given, which can significantly reduce the number of its elements. The synthesis of the pneumatic control
system of the foundry machine was carried out on the basis of the design approach proposed by M. Cherkashenko, which as a result led to a reduction
in the devices by 3.5 times. A graph of operations of the pneumatic control system of the molding machine is constructed. A matrix of
correspondences is obtained, which determines the correspondence between the signals that cause transitions and the complete input sets acting in the
transitions. Analysis of the matrix of correspondences made it possible to identify and eliminate contradictory transitions. On the basis of the
elongations, a system of equations describing the scheme of the control system is synthesized. Further, minimization is performed due to factorization
and decomposition of equations, and obtaining equations in their final form. A diagram is presented pneumatic control system of the molding machine,
consisting of a command apparatus containing three cells, five cylinders, two vibrators, six limit switches, a time relay and other devices. The circuit
simultaneously uses the functional and logical capabilities of limit switches, the possibility of implementing the functions of three variables by
distributors. Thus, the use of the proposed command apparatus, in contrast to the existing schemes of command apparatus, can significantly reduce the
number of distributors in the synthesis of the command apparatus itself and significantly reduce the number of elements when using the chosen
approach to the design of circuits of pneumohydraulic control systems.
Keywords: mathematical model, graph of operations, minimal scheme, equations, matrix of correspondences, command apparatus.

M. B. YEPKAIIIEHKO
CHUHTE3 MIHIMAJIBHUX CXEM CUCTEM YIIPABJIIHHSA I'TIPO- I HEBMOIIPUBOAIB

Ilpencrasneni icHyioui cxemMH KoMaHpmoamapary. IIpoBomuThes iX aHami3 1 BKa3yloThess Hemomiku. HaBemeHO cxeMy MPHHIIMIIOBO HOBOTO
KOMaH[0arapary, KU JJ03BOJISE 3HAYHO CKOPOTHTH KUIBKICTh HOTro elleMeHTiB. CHHTe3 ITHEBMATHYHOI CUCTEMH YIPABIIIHHS JIHBAPHHM BEPCTaTOM
3[IHCHIOBABCS HAa OCHOBI KOHCTPYKTHBHOTO ITiXOJy, 3alpOIOHOBaHOr0 M. UepKalleHKo, 0 B Pe3yJabTaTi HPU3BENO 0 CKOPOYCHHS MPUCTPOIB B
3,5 pasu. IloOynoBano rpad) omepamiif MHeBMAaTHYHOI CHCTeMHU yIpaBliHHs (GopMyBanbHOI MamuHu. CHHTE30BaHAa MaTpPHUI BiANOBiTHOCTEH, ska
BU3HAYAE€ BIINOBIIHICTE MIXK CHTHAJaMH, IO BHKJIMKAIOTh HEPEXOAH, I IIOBHUMH BXiJIHHMH MHOKHHAMH, IO JIIOTh B IIepexoniax. AHali3 MaTpHIi
BiZINIOBIJHOCTEW JJO3BOJIMB BHABUTH 1 YCYHYTH CynepewinBi nepexoau. Ha 0CHOBI IOOBKEHb CHHTE3YEThCS CUCTEMA PIBHSHB, 1[0 OMUCYIOTh CXEMY
cucTteMu ynpasiiHHA. Jlajmi BHKOHYeThCS MiHiMi3awisi 3a paXyHOK (hakTopusauii i po3KJIaJaHHS piBHSHB, i1 OTPUMAaHHS PIBHAHb B IX KIHIIEBOMY
Bunini. IIpencraBiena cxemMa MHEBMAaTHYHOI CHCTEMH YIPAaBIiHHSA (JOPMyBaJIbHOI MallWHHM, IO CKJIAJAETHCS 3 KOMaHJOANapaTy, 0 MIiCTUTh TPU
OcepesikM, M'ATh LWIIHAPIB, JBa BiOpaTopH, INICTh KIiHIEBUX BHMHUKAuiB, peie 4Yacy Ta iHIII npucTpoi. Cxema OIHOYACHO BHKOPUCTOBYE
(yHKIIOHABHI Ta JIOTIYHI MOXJIMBOCTI KiHIIEBMX BUMMKAadiB, MOXJIMBICTb peaji3alii po3moAiIbHUKaMH (QYHKIIH TphOX 3MIHHUX. Takum 4uHOM,
3aCTOCYBaHHS 3aIPOIIOHOBAHOTO KOMaHJOAmapary, Ha BiAMIHy BiJ iCHYIOUMX CXeM KOMAaHJO0AlapariB, JO3BOJISE 3HAYHO CKOPOTUTU KiIBKICTh
PO3IOIIBHUKIB MPU CHHTE31 CaMOro KOMaHAoamapary i 3HaYyHO 3MEHUIMTH KUIBKICTh €JIEMEHTIB NpPH BUKOPHUCTAHHI OOpaHOTro MiAXOay 10
[POCKTYBAHHS CXEM ITHEBMOTIAPABIIYHAX CHCTEM YHPABIIIHHS.
Kuro4oBi ciroBa: MaremMaTniHa MoJieb, rpad orepariii, MiHiMalbHa cXxeMa, piBHSHHI, MaTPUL BiIIIOBiJHOCTEH, KOMaH/j0amapar.

Existing command apparatuses. In Fig.1,a,b signal p, through the v the distributor 1 of the first cell is

shows the schemes of command devices designed for the
implementation of the memory unit in pneumatic high-
pressure control systems. In these devices, when a signal
is applied S to one of the inputs on one of the outputs
signal y =1, and on the rest — signals y = 0. In addition,
when the next distributor of the chain is turned on, the
previous one is turned off (the first one is considered the
next after the last distributor).

Command apparatus (Fig. 1, b). The input signals in
it are fed not to the control chambers of the distributors,
but to their input channels. In addition, each subsequent
distributor turns off the previous one and turns on the next
one and thereby prepares it to receive the input signal. The
circuits (Fig. 1, a, b) are passive, require the installation of
additional elements to return the distributors to their
original position, but in some cases allows you to save
elements.

The command apparatus (a.s. no. 1242926) (Fig. 2)
increases the speed of its shutdown, but has a significant
number of distributors sheme.

The command apparatus works in this way. Signals
in the initial position x; — X, in input channels and signals
y1 —Yn in the output channels are zero. During the start

switched, the supply pressure enters the output channel
(y1 =1). During the signal x, =1 the distributor 2 of the
second cell is switched, the output signal of which will
cause the switch of the distributor 1 of the second cell, the
output signal y, = 1. This signal through the v turns off
the allocator 1 of the first cell, as a result y; = 0.
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Fig. 1. Scheme of command apparatus built on switchgears

© M. Cherkashenko, 2023

12

Bulletin of the National Technical University "KhPI".
Series: Hydraulic machines and hydraulic units, no. 1’2023



ISSN 2411-3441 (print), ISSN 2523-4471 (online)

Sequential input x;=1 will cause sequential
generation of output signals y; = 1. During the shutdown
signal po, regardless of the presence of an input signal
xi =1, all distributors 2 are switched by connecting the
control chambers of the distributors 1 to the atmosphere.
At the same time, the signal po through the elements v
passes into the control chambers of the distributors 1,
which causes the removal of output signals (y; = 0). If the
valves are removed from this diagram v, connected to the
emergency reset signal, we get a well-known scheme of
the command apparatus with the control of the previous

stroke.
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Fig. 2. Scheme of the command apparatus built on distributors
and valves

In the scheme of the command apparatus
(a.s. no. 1303656), shown in Fig. 3, used to memorize
signals logic gates, which can reduce the number of
elements, but has a large number of distributors.

The command apparatus works in this way. In the
initial position, the signals at the inputs (x4, X, ..., X;) and
outputs (ys, Y, ..., ¥n) are equal to 0. When a signal is
given (p, = 1) to the input of the element v the allocator 1
of the first cell is switched. In this case, the supply
pressure is supplied to the output of the first cell (y; = 1).
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Fig. 3. Scheme of the command apparatus using distributors with
one-way control
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At the other outputs of the command apparatus, the
signals are 0 (Y2, ¥, ..., Yo = 0). The signal, which is equal
to 1, also enters the control chambers of the distributor 2
of the first cell and the distributor 1 of the last cell, fixing
their initial state, at the input of the distributor 2 of the
next second cell and at the input of the distributor 2 of the
first cell. Through the distributor 2, the signal, which is
equal to 1, passes through the element v to the control
chamber of the distributor 1. This ensures that the output
signal is stored y; = 1 after the signal is removed p,. When
the input of the second signal cell is applied x, =1 the
distributor 2 of the second cell is switched and the signal
enters the control chamber of the distributor 1 of the same
cell, switching the distributor 1. The supply pressure
through the distributor 1 of the second cell enters the
output of the second cell of the command apparatus
(y2=1) and into the control chambers of the distributor 2
of the second cell and the distributor 1 of the first cell by
switching them. After switching the distributor 2 of the
second cell in the starting position, the signal, which is
equal to 1, passes through this distributor to the control
chamber distributor 2 this the same cells. In this case, the
signal, which is equal to 1, is stored at the output (y, = 1).
At the same time, the distributor 1 of the first cell returns
to its original position under the action of the backwater
spring and the signal y, =1, which enters the inverse
control chamber of the distributor 1 of the first cell. At the
same time, the output signal y;, as with other outputs,
signals ys, Va4, ..., Yn, are equal to 1. Further signaling X,
causes a signal to appear y,, which is equal to 1, at the
output of the last cell. At the last outputs, the signals are
equal to O, the work of the command apparatus here is
similar to the work of the cells under consideration. The
cycle of operation of the command apparatus resumes
when a signal is applied x; = 1 into the control chamber of
the distributor 2 of the first cell. In the event of a removal
of the supply pressure, including in an emergency, the
command apparatus is set to the initial state due to the use
of distributors with backwater springs.

The reprogrammable complex command apparatus
(a.s. no. 1241217) is shown in Fig. 4.

*;

Fig. 4. Scheme of the reprogrammable command apparatus

The command apparatus works in this way. During
the start signal p, through the v the allocator 1 of the first
cell is switched. A signal is generated in the output
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channel of this cell y; = 1. At the other outputs, the signals
are 0. The signal from the output of the distributor 1 of the
first cell enters the element A the second cell, and when
the signal is given x, = 1 the distributor 1 of the second
cell is switched and a signal is generated y, = 1. At the
same time, the signal from the output of the distributor 1
of the second cell turns off the distributor 1 of the first
cell; output y; = 0 etc. If you need to get n output signals
are fed to the tuning input (Ni, =1) into the control
chamber of the distributor 2 of the last cell. In this case,
the signal from the output of the distributor 1 the last cell
through the distributors of 2 cells and fed to the input of
the element A of the first cell. The cycle repeats when the
signal is applied x; =1. If you want to get a smaller
number u output signals of the command apparatus, the
signal is fed to the tuning input Ni_»(Ni, =1). Here, a
sequence that contains any number is implemented n and
less, up to three operations.

Main results. In Fig.5 provides a sheme of a
pneumatic command apparatus (patent on application
no. U202300879) containing n cells, each of which
contains a two-position three-line distributor 1, which has
two control chambers, closed and normally open channels,
and an output channel. Moreover, the closed channel of
the distributor of the first cell is connected to the power
source, and the normally open channels of all distributors
are connected to the atmosphere. There are also OR
valves 2. The output channel of the distributor of the next
cell is connected to the right control channel of the
distributor of the previous cell. The inputs of the
command apparatus receive the input signals of the
corresponding cells, and the output signals of the
commands of the opparat are received from the output
channels of the distributors of the corresponding cells. The
output channel of the distributor 1 of each cell is
connected to one valve inlet OR 2 of the same cell, and is
also connected to the closed channel of the distributor of
the next cell. The other valve input OR 2 of each cell is
connected to the input signal of the corresponding cell. A
spring is installed in the right control channel of all
distributors. The operation of the pneumatic command
apparatus is as follows: when an input signal is applied
X1 =1 the allocator of the first cell is switched, while
Y1 =1, this signal enters the upper input of the valve OR
of the same cell, keeps the distributor on, into the closed
channel of the distributor 1 of the second cell and the
control channel with the spring of the last cell. Further,
when the input signal is given X2 =1, switches the
allocator 1 of the second cell, while Y2 =1, also enters the
chamber with the spring of the distributor 1 of the second
cell, while Y1 =0, to the upper inlet of the valve OR of
the same cell, holding the distributor in the on state, and
the closed channel of the distributor 1 of the next cell.
Thus, let's move on to the cell n—1. The input signal is
then applied Xn-1, in this case, the distributor 1 of the
penultimate cell is switched, and the signal at the output
Yn-1 =1, this signal is sent to the upper inlet of the valve
OR of the same cell, keeping the distributor on, and to the
closed channel of the distributor 1 of the last cell and to
the chamber with the spring of the distributor 1 of the
previous cell, and so on to the second cell, while Y2 = 0.
Further, when the signal is given Xn =1, the allocator of

the last cell is switched, while Yn =1, which enters the
upper inlet of the valve OR of the same cell, keeping the
distributor on, and into the spring control channel of the
distributor of the penultimate cell, with the signal
Yn-1=0. Further the operation of the command
apparatus is repeated when the input signal is applied
X1=1. When designing, we use the approach and
methods proposed by M. Cherkashenko [1-4].

Y1

S4
Xn

Fig. 5. Command apparatus

Consider the design of a pneumatic control system
for a molding machine. The actuators of the machine are
pneumatic cylinders (C;—Cs), which correspond to outputs
Z1 - 75, vibrators B6 and B7 (outputs Z6 and Z7) and a
nozzle for blowing mold C8 (output Z8) (Table 1).
Cylinder C; raises and lowers the flask, and the lower
starting position is controlled by the limit switch X7, and
the upper position is final switch X8. Cylinder C,
performs prepressing, the initial position of the cylinder is
controlled by the limit switch X5, and the final position is
controlled by a time relay 1 (Z2) (the setting of which
determines the duration of pre-pressing). Cylinder Cs is
used to perform broaching. The cylinder C, pushes the
gate back, which leads to the filling of the flask with the
molding mixture, and the initial position of the gate is
controlled by the limit switch X9, and final — X10. The
cylinder Cs puts the crosshead in the working position,
which is controlled by the limit switch X11. The operation
cycle begins with pressing the start button (X1 =1), as a
result, the lock moves up (Z1 = 1) and stops in the upper
position. Then, at a signal (X8 = 1), the vibrator is turned
on (Z7 =1) and the gate is extended (Z4 = 1), while the
molding sand fills the flask, and then at the signal
(X10=1) the gate returns to its original position. On
signal (X9 = 1) the vibrator is turned off (-Z7 = 1) and the
flask is lowered (-Z1 =1). Then, at a signal (X7 = 1), the
traverse is set to the working position. At the signal
(X11 = 1), the stub rises (Z1 =1) and pre-pressing takes
place (Z2 =1), the duration of which is controlled by a
time relay, on a signal 1 (Z2) = 1, from which the flask
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Table 1 — Interaction of input signals and actuators

Output signals Inputs signals
Automatic Mode Adjustment
Designation Name Starting position Final position - Intermedle.lte - Included | Closed
Naming | Designation
Z1 Moving the flask X7 X8 - - - -
72 Pre-pressing X5 1 (22) - - - -
Z3 Broach - - - - - -
Z4 Moving the gate X9 X10 - - - -
Z5 Moving the crosshead - X11 - - - -
76 Shaking the flask - - - - - -
z7 Shaking the hopper - - - - - -
Z8 Blowing molds - - - - X4 -

descends (-Z1=1), pre-pressing is coming to an end
(-Z2 = 1), the broach cylinder is extended (Z3 = 1) and the
flask vibrator is switched on (Z6 =1). At the signal
X5X7 =1, the traverse returns to its original position
(-25=1) and the shaking the flask vibrator turns off
(-26 = 1). After that, the operator manually turns on
(X4 =1) mold blowing (Z8 = 1) and disables the broach
(-23=1). The cycle ends. Device: X1 — start button;
X4 — mold blowing button.

The operation graph [5, 6] is shown in Fig. 6.

For the synthesis of the scheme, it is advisable to use
the approach proposed by M. Cherkashenko.

The mapping matrix is presented below.

Here, the bold units on the main dial (shifted by one
line) of the matrix of correspondences correspond to
transitions; the underlined contradictory unit is eliminated,;
the remaining units are not contradictory. Elongations are
shown in bold, and identical input sets are marked with
asterisks. The matrix of correspondences defines the

7\ X8>24,77

X1—=71

X4+—5-73,78
X5X7+>-75,-76

() (3)

(&)

correspondence between the signals that cause the
transitions and the complete input sets that act in the
transitions. Analysis of the matrix of correspondences
made it possible to identify and eliminate contradictory
transitions. On the basis of the elongations carried out, a
system of equations describing the scheme of the control
system is synthesized. Further, minimization is performed
due to factorization and decomposition of equations, and
obtaining equations in final form.
SI=W=2Z,=X9Y3, S, =2, =23 =24 = T;

S3 =73 ==2zg = X4 Ry = Y5, Ry = y3; R3 = yy;
Zl =X1+x11; Zl :W+T,Zz =x11;
Zy = Z7 = Xs5Xg; Zy = X190,

Zs = X7¥1; Zs = Zg = X5X7Y2;
zg = x, — blowing molds.

The diagram of the pneumatic control system of the
molding machine is shown in Fig. 7.

It should be noted that the methods of designing
circuits are presented in [7-12].

X10+—>-24 @ X9r>-21,-77 -

X725

X11+271,22

t=-71,-72,73,76

=l
-

Fig. 6. Graph of operations: -Z — signal to return the cylinder rod to its original position
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Fig. 7. Scheme of the pneumatic control system of the molding machine: T-signal from the output of the time relay

Findings. Thus, the use of the proposed command
apparatus, the difference from the existing schemes of
command apparatuses, makes it possible to reduce by a
third the number of distributors in the synthesis of the
command apparatus itself and significantly reduce the
number of elements when using the chosen approach to
the design of circuits of pneumohydraulic control systems.
Note that the minimized scheme contains 9 devices for its
implementation, instead of 32 using the standard method,
i.e. 3.5 times less.
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