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Abgtract: The article deals with the design of a PLC congsgtem for controlling cascade tanks in the teahgiohl
process of liquid mixing. The mixing process isrigal out automatically according to information rfrandividual
sensors. The system also includes elements forahaontrol of the technological system. A human e interface
system was designed to operate the system. Théasiomushowed the correctness of the designedmyste

1 Introduction Options for alternative solutions to the process loa

The system (Figure 1) consists of three storagestan  changed and set according to the selected recipe.
B, C and one master tank. Liquids from storagedark
fed into the master tank by solenoid valves acoorth the
chosen procedure, where they are mixed and th
discharged into the main collecting tank throughdihtlet
valve. The goal is to prepare the concept of arobnt
system for the automatic control of the technolabgic
process of preparation of liquid mixtures with the
possibility of service intervention in the procéssase of
emergency shutdown of the system or manual swigobrn
of some part of the system in the event of a matfan.
The proposed reservoir management system will bd us
for didactic purposes for the practical educatibstadents
[1-17].

Reed switch float level sensors are designed tectet
the level of liquids in each tank. Solenoid vahe®
designed for the discharge of liquids by gravitycthiarge
from the tank. Low-voltage pumps are designed for
pumping liquids (Figure 2). The process of mixigglds
in the master tank will take place for 10 secomalsl then
the resulting mixture is discharged into the caif@ttank.

Figure 1 Educational model layout design
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After solving design problems, selecting components
and describing the principle of the system, youdnte
choose a control element that will program theesystor
the work we need. The PLC will act as such a contro
element. Programmable logic controller (PLC) is an
electronic device used to automate technologicaigsses
such as conveyor line control, pumps at water suppl
stations, numerically controlled machines, etoedeence,
it is a real-time hardware-software system - a adep
Figure2 Smulation of fluid m'xing and dischargeoffluidinto designed to run a real-time Operating System and

the tank applications that implement the necessary algosthis
. main difference from general-purpose computershés t
2 Control system design large number of input/output devices for sensord an

The proposed diagram (Figure 3) shows the location actuators, as well as the ability to work reliaiviydverse
individual sensors, solenoid valves and pumps @& tltonditions: wide temperature range, high humidityong
proposed system concept. The connection of indaliduelectromagnetic interference, vibration and more.
components in the system is designed using traespar PLCs have a number of features that distinguismthe
hoses. from other electronic devices used in production:

- Unlike a microcontroller (single-chip computes),
] chip designed to control electronic devices, a RE@
= stand-alone device, not a separate chip.

- Unlike computers focused on decision-making and
operator management, PLCs are focused on workitig wi
machines through an extensive 1/0 system for iipmitt
sensor signals and outputting signals to actuators.

-In contrast to built-in PLC systems, they are
manufactured as stand-alone products, separate tfrem
Master equipment controlled by it.

Fioat Siemens TIA Portal software (Figure 4) will be used

@ s Vaive @'9 program the controller for our wishes. TIA Portabtally
@E tewel sensor s ki Integrated Automation Portal) is an integrated vsafe

revel ootor hery COJECting development environment for process automatioresyst
= g from the level of drives and controllers to thedewof
Lisvel vepeoriberl human-machine interface.
Figure 3 The diagram of the system
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It is the embodiment of the concept of integratedctual inputs and outputs in the system that witirate the
automation (Eng. Totally Integrated Automation) dhe PLC. Using Image 30 you can see all the main deviuat
evolutionary development of the Simatic family ofwill be connected to the PLC. Sensors are inputg, a
automation systems from Siemens AG. solenoid valves and pumps are outputs. Usingyhiscan

Development of projects for controllers and disttdzl  create tags for the program.

I/O devices, configuration of human-machine integfa To simulate the system before connecting it, the
systems and SCADA systems, parameterization ofarktw physical inputs must be set as memory to be alilbdnge
components and communication modules, debugging thfem and simulate possible situations in the system
software control algorithms, as well as commissigrof  (Figure 5).

drives - all this is combined into a common sofsvar Level sensors are designed for the concept of this
structure and have a unified user interface. Thisomly system, which generate a logic level High whenlitinad
speeds up work, but also allows you to create pamesnt level exceeds the location of this sensor and gémex
solutions that are easy to maintain and diagnodeambe logic level Low when the liquid level drops beloWwet
easily expanded or transformed. location of this sensor. The opening of all soldnalves

Variables or tags must be stored before creatieg thill be realized by setting the logic level Higmdathe
program itself. In essence, this is the identifamaof the closing will be realized by setting the logic lev@iw.

IR | ¥ F DT E
Default tag table
K Name Data type Address Retain  Acces.. Writa.. Visibl.. Comment
I @ PumpA 8ool %Q0.0 2 =2
2 a Pump B Bool %Q0.1 =] = =)
3 @ PumpcC Bool %Q0.2 =) = -
4 @ \ValeA Bool %Q0.3 =] ™ ™
5 @ ValveB Bool %Q0.4 ™~ ™ =
6 @ ValveC Bool %Q0.5 =) ] (=)
=|l7 @ outetvalve Bool %Q0.6 =) =2 =)
a Float level sensor hAH Bool %M0.0 =] Q g‘
a Float level senzor hAL ‘ Bool i=)| %MO.1 v E‘ E‘ @
C a Float level sensor hBH Bool %MO0.2 =] = =)
a Float level sensor hBL Bool %M0.3 @ E] @
2 a Float level sensor hCH Bool %MO0.4 Q FJ] [3\
13 a Float level sensor hCL Bool %MO.5 @ @ @
4 @ Float level sensor hM1 Bool %M0.6 @ @ @
15 a Float level sensor hM2 Bool %MO.7 @ E] E‘
16 4@ Floatlevel sensor hv3 Bool %M1.0 =] 2 =]
17 Qa Float level sensor hvd Bool %M1.1 =) ™) =]
8 a Float level sensor hCTH Bool %M1.2 v =] =)
19 a Float level sensor hCTL Bool %M1.3 E‘ E] E‘
[ [l [

Figure5 PLC tags

After identifying the tags, you can start writinget and the "STOP" input represents the system to be
program. FBD (Function Block Diagram) was chosen asompletely turned off. In other networks, the ottfsam
the programming language for this project. For dyett this block "Startup” will be incorporated so thhistblock
orientation in the program it can be divided in&tworks, of network 1 enables absolute control over allesyst and

each of which will correspond to the tanks. enables a safe shutdown of the system and thestaatro
the last known configuration. This network 1 wiierefore
3 Concept of function block diagram be the superior system for other networks.
networks .
Network 1: Total Start Stop (Figure 6) is desigifed s/iﬁ:ui

total program control. The network contains thet/f8eet

flip-flop" (SR flip/flop) instruction to set or res the bit of B

a specified operand based on the signal stateedghputs %M1.5 %M1.4

S and R1. If the signal state is "1" at input S it input “Start”—$§ "Startup®

R1, the specified operand is set to "1". If thenalgstate is %M1.6 =

"0" at input S and "1" at input R1, the specifiguband "Stop” == R1 Q—— —

will be reset to "0". Input R1 takes priority ovieput S.
When the signal state is "1" on both inputs S ahdtRe
signal state of the specified operand is resed'to "

In this network 1, it contains two inputs, whileeth
"START" input causes the system to be fully turroex

Figure 6 Network 1: Total Sart Stop

Network 2: Controlling of Pump A (Figure 7) also
contains an SR flip/flop block for switching on oif of
pump A. For switching on, the signal "Float levehsor
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hAL" is used, which signals that the liquid levelielow &
the level of this sensor and using the logic I&@W starts s
the SR block and turns on pump A, but only if & dame e .
time the superior system "Startup" is in the stdtégic “starup —I |
level HIGH". Resetting the SR block and thus tugnaff et
pump A is possible when the liquid level reachesl¢vel i B
of the sensor "Float level sensor hAH " and thaingithe pump & — 8 —g
logic level HIGH, causes pump A to be turned off. O =
pump A can be turned off using the superior syste %022
n n "Fl level

Startup” from network 1. <encor hBH" —

An additional block "estop pump A" was added tc s | Jan,
network 2, which is created using an RS flip/fldpdi for 74 -
independently safely turning off pump A. restop pump & — 8 il o -

%M7.4
& "estop pump B"
%MO.1 Rs
“Float Ievél %M2.2
sensor hAL" =0 "Manual slartﬁ
%M1.4 >=1 pump B” —g  w%Mza
"Startup” w2 [R— . a‘,;,:i: estop zump B
%Q0.0 pPUMP B" w51 Q= —
%M2.0 "Pump A" . .
il st =R Figure 8 Network 3: Controlling of Pump B
PUMP A" e =y —
&
>=1
%MO0.5
%M0.0 “Float level
“Float level sensor hCL" =0
5ensor hAH" e
%M1.4 >=1
%M1.4 %Q0.0 “Startup” == g —
“Startup” =0 “Pump A"
I - s
oM7.3 = o ump
“estop pump A" — g8 _ & » "Manua‘l‘"s\:azr? SR
PUMP C" e g —_—
%M7.3
"estop,\;ump A" >=1
b %MO0.4
%M2.0 "Floatuleve.l
"Manual start 5enSOr hCH" wmm
pump A" e g %M7.3 I o
%M2.1 “estop pump A" "S\a?t‘t‘lp‘j"—o "Pu?\\(:)zc”
"Manual slop_ = %M7.5 =
pump A" —i5] (0] p e “estop pump C" == 4 —R1 Q ——— e
Figure 7 Network 2: Controlling of Pump A N
"estop pump C"
Network 3: Controlling of Pump B (Figure 8) and s
. H H . o %M2.4
Network 4: Controlling of Pump C (Figure 9): Colrg ., "
of Pump C are similar to network 2. The operatibpump pump C* — g %M7.5
H n 1 i "estop pump C"
B is connected to the sensor "Float level sensd laBd e :
. lanual sto =
to the sensor "Float level sensor hBH". The openatf pump ¢ —18 — -
pump C is connected to the sensor "Float leveladrGL" Figure 9 Network 4: Controlling of Pump C

and to the sensor "Float level sensor hCH". Botthe§e

networks are conditioned by the superior systenmfro  Network 5: Filling of Master Tank with fluid A usin

network 1 "Startup”. the valve A (Figure 10) - solves the filling of theaster
tank with fluid from tank A, while this filling isarried out
using valve A only if the fluid in tank A is betwedhe
levels of the fluid level detected by the levelsans" Float
level sensor hM1" and "Float level sensor hM2". lduer,
this process can only take place if there is astlea
minimum amount of liquid level in tank A at the &h\of
the "Float level sensor hAL" sensor. In the samg, wee
operation of valve A is conditioned by the supesgstem
"Startup” from network 1. Another condition for bag
valve A is that the master tank was completely @ndpt
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after the previous filling to below the level ofettiFloat

level sensor hM1" sensor. Network 5 is also supptased
with another RS flip/flop block "estop valve A", wh is

used to create the possibility of emergency shuitdofv
valve A independently of other devices.

&

%MO0.6
“Float level
sensor hM1" =0

%M1.4
“Startup” e

%MO.1
“Float level
5enSOr hAL" wmm

%M1.7 >=1
"empty master” m= 25

%Q0.3

%M2.6 Valve A

“"Manual start SR
Valve A" w25

>=1

%MO0.7
“Float level
5ensor hM2"

%M1.4
"Startup” =0

%M7.0 =
"estop valve A" m=

= —R1

%M7.0
“"estop valve A"

RS

%M2.6
"Manual start
Valve A" wm g %M7.0

%M2.7 estop valve A’

“Manual stop =
valve A" mm g9

Figure 10 Network 5: Filling of Master Tank with fluid A using
thevalve A

Q= —

Network 6: Filling of Master Tank with fluid B ugin
the valve B (Figure 11) - is implemented analogptsl
network 5. However, in this network valve B is tdrfor
filling fluid from tank B to the master tank betweéhe
level levels detected by the sensors "Float leeelssr
hM2" and "Float level sensor hM3". Also, this vaBean
only be started if the superior system "Startupltisve and
the master tank has been previously drained. VBlean
also be started only if the liquid in tank B idexst above
the level of the "Float level sensor hBL" sensolscAin

%MO0.7
“Float level
5ensor AM2” e

%M1.4
“Startup” =——

%M1.0
“Float level
sensor hM3™ —o

%M1
“Float level
sensor hM4™ —o

%M0.3
“Float level
5ensor hBL™ e

%M1.7 >=1
“empty master’ — —_—
%Q0.4
“Valve B”
%M3.0
“Manual start SR
Valve B" e —
>=1
%M1.0
“Float level
sensor hM3™ —.
%M1.4 %Q0.4
“Startup”™ =0 “Valve B~
%BM71 =
“estop valve B" = @ R Q— o
%M7.1
“estop valve B
RS
%M3.0
“Manual start
Valve B" e p %M7.1
wM3.1 “estop valve B
“Manual stop -
valve 8" gy Q— —
Figure 11 Network 6: Filling of Master Tank with fluid B using
the valve B

Network 7: Filling of Master Tank with fluid C usin
the valve C (Figure 12) - is created for fillingetmaster
tank with fluid from tank C between the levels bEt
sensors "Float level sensor hM3" and "Float leeglssr
hM4" in the master tank. This process can onlydeied
out if there is at least a minimum amount of ligirdank
C above the level of the "Float level sensor hCerisor
and the master tank volume has previously been
completely emptied, which is signalled by the "empt
master" tag. Also in this network, the "estop va/élock
is added for the emergency shutdown of valve C.

Network 8: Empty Master tank (Figure 13) - it shibul

this network, an RS flip/flop block for emergencyleave the filled mixture of liquids for 10 secoratsd then

shutdown of this valve B "estop valve B" is added.

the entire contents of the master tank should &@aed into
the collecting tank by activating the "Outlet vadlv®utlet
valve is deactivated only after a time of 1 secdwed
elapsed after the master tank is completely dralrebolw
the level of the lowest sensor "Float level seiddt". Just
like the previous networks, in this network alse tiock
"estop outlet valve" is added for the emergencydsghwn
of the "Outlet valve".

Network 9: Master Tank status (Figure 14) - is used
detect the status of the master tank. For the prope
functioning of the entire system, it is necessarkriow
when the master tank was completely emptied, aisd th
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information is stored in the “"empty master" tagtehf %M1.7
emptying the master tank, the entire filling pracean be emply/master
restarted again. SR
%Q0.6 %M1.7
& "Outlet valve" =0 g "empty master”
_ %ML0 %Q0.6 =
5:,123} ',,e,:e;_ "Outlet valve" == R1 Q= —
—— Figure 14 Network 9: Master Tank status
%MO0.5 . . . .
“Flostievel 4 Processvisualization and control using
%M1.7 >=1 the HMI interface
mply master =188 ] The HMI (Human machine interface) interface allows
s - you to create a user interface for controllingspistem by
“Manual start SR the operator and also for visualizing the curréatis of all
Ive C e —_—
Yo ¢ — 5 subsystems. The operator can thus fully controsystem
— remotely and monitor all its activities. When swigd off,
%M11 pipes and individual valves and pumps are showgray
otoatiees | (Figure 15). After the system is turned on, thevagbarts
%M1 %Q05 are displayed in blue. Active sensors also haviedioator
Sartupr=a) Nehe G LED for displaying the status of the sensors (FégL8).
%M7.2 -
“estop valve C — o —_—R1 Q— fa—
I =7 simulator - bs
%M72
“estop valve C" SIEMENS
RS
%M3.2
“Manual start
Valve C—p %M7.2
“M33 “estop valve C"
“Manual stop =
valve C gy Q— (-
Figure 12 Network 7: Filling of Master Tank with fluid C using
thevalve C
%DB1
"IEC_Timer_0_DB"
TON
Time
st 0 &
T#10S — PT Q
%M1.4 >=1
“Startup” =g —
*Or :eqloel "
et iy s B 1 S - x
Outlet Valve" wm gy —_
e SIEMENS
57
Time
%MO0.6
“Float level %MD8
sensor hM1” =0 gy ET — "cas2" >=1 _
T#1S = pT Q o |
e s Gy
o %:‘Iil._ A il S : — : Imm m [+1000 |
%M7.6 I & oKl N s
Outlet Valve® mm g “estop outlet
Mo s, -
outlet valve" == g1 Q— -
Figure 13 Network 8: Empty Master tank after 10 seconds Figure 16 Filling tanks A, B, C
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In addition, the HMI is supplemented with an

emergency shutdown of all systems or individuatesys
can be shut down individually.

The filling and draining of fluids are also indiedtby
status indicators with a dark blue colour (Figu@. TTo
display the discharge progress of the master tarnkne
indication of the discharge progress is also added.

I =7 simutator - bs

[Pump € Pump 8 Pump A Collecting tank

Figure 17 Filling the master tank

5 Conclusion

In this work, the concept of controlling cascadiagks
for mixing liquids in the technological process amting
to the chosen procedure was proposed. IndividUalgfi
and emptying is controlled automatically accordioghe
status of individual sensors. All action subsystennsh as
pumps and valves can be turned off in an emergesitby
one button or separately with special buttonshinnext
work, the diagnostic network for detecting faulhdiions
of individual subsystems will be solved, and thegplility
of flexible change of the mixing procedure of thixture
by changing the order of liquid dosing and changhmg
amount of liquid dosing will be proposed. This wittable
a flexible change in the proportions of the mixetore
of liquids according to the operator's current reguents.
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