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PASPABOTBAHE HA
NMPOrPAMUPYEM JTOT'MYECKU
KOHTPOJIEP BASUPAH HA
ENEKTPOHHA NMJIAT®OPMA
ARDUINO

Mupocnae MnadeHoe

Pesiome: B ctatnsata e HanpaBeH aHanu3
Ha CbLUEeCTBYBaLLMTE PELLEHMS 3a peanusmpaHe
Ha nporpamupyem norndeckun koHTponep (PLC)
C wu3nonseaHe Ha xapayep C OTBOPEH KOA.
M3TbkHaTM ca TexHuTe npeaMMmcIBa MU
HegocTaTbuuM. [MpeanoxeH e mogen Ha TakbB
KOHTpornep. M3bpaHo e NporpaMHO ocurypsiBaHe
3a CbCTaBsiIHE Ha ynpaensiBalM nporpamu ot
TMN nagep Auarpama. PaspaboTteHn ca
NPaKkTUYEeCKN  YMNPaXHEHWs,,  CBbpP3aHM C
yrnpasneHue B eneKkTpo3aaBMmKBaHUATAa,
3aLLUMTHN YCTPOWCTBA, YNpaBfieHNE Ha CROXHU
obektn. lMpeanoxeHnsat PLC e nogxogsw 3a
pellaBaHe Ha pasnUYHU MNPaKTUYECKM 3aJauwu,
6nm3kn [o pabotata B peanHu ycrnoBust Ha
npousBoacTBo. Bb3 ocHoBa Ha peanuavpaHute
nNpMMepu B HaACTOALUMSA NPOEKT, paspaboTeHute
NPaKkTUYEeCKN YMNpaXHEeHUs ca Oo00aBeHM KbM
CblUecTBYyBall, Kypc 3a o0y4yeHue B cuctemMa 3a
eNeKTPOHHO 0by4eHue.

KnouoBu aymu: Mporpamupyem
norMyeckn KoHTporep, Xapayep ¢ OTBOPEH Kof,
EnekTpoHHO 0ByuyeHune

1. YBog

Mporpamnpyemute NOrn4ecKmn
kKoHTponepn (PLC) ca pasnpocTtpaHeHn B
pa3nnyHM obnactm Ha WHOYCTPUAnHOTO
NpU3BOACTBO, 3aMEHSINKN penenHute
NOrMYECKN CXeMWU KaTto Mno-NiecHO W no-
€BTUHO peLleHne U ce e MNpeBbpHano B

cTaHgapT 3a nHagycTpuanHa
aBTOMaTM3auus.
CbluecTByBa CTpora Bpb3ka Mexay

U

DEVELOPMENT OF A
PROGRAMMABLE LOGIC
CONTROLLER BASED ON

THE ARDUINO ELECTRONIC
PLATFORM

Miroslav Mladenov

Abstract: This article analyzes
existing programmable logic controller
(PLC) implementation solutions using
open source hardware. Their
advantages and disadvantages are
highlighted. A model of such a controller
is proposed. Software has been
selected for programming with ladder
diagram control programs. Practical
exercises related to electric drive
control, safety devices, complex object
management have been developed.
The proposed PLC is suitable for
solving various practical problems close
to working in real production conditions.
Based on the examples provided in this
project, the  practical exercises
developed have been added to an
existing e-learning training course.

Keywords: Programmable Logic
Controller, Open Source Hardware, e-
Learning

1. Introduction

Programmable logic controllers
(PLCs) are widespread in various
fields of industrial manufacturing,
replacing relay logic circuits as an
easier and less costly solution and
have become the standard for
industrial automation.

There is a strong link between
automation and production
development in countries around the
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aBTOMaTM3auMsaTa W pasBUTMETO  Ha
npon3BoACTBOTO B CTpaHUTe MO cBeTa
[14,15]. B no-cnabo pasBuTuUTE CTpaHu
ronemun 6apuepun ca 3HaHMETO U pasxoauTe.
lMpomMuLLNeHNTE KOHTPONEpPU BCe oue ca C
Bucoka cebectomHocT. KomnaHuute He
npenocrtaBaAT nogpobHa uHpopmauma 3a
YCTPOMUCTBOTO M NPUHLUMNA Ha AeNcTBMe Ha
KOHTpoOsiepa, Tbil KaTo BCUYKM Te ca OT Tun
,=3aTBopeH” xapayep [1].

Pasnuunn  dupmn  npepgnarat  6orat
nsbop ot PLC koHTponepu m moaynu 3a
NpuUNoOXeHne B  aBTOMaTM3aumdaTa  Ha
NpoOn3BOACTBEHN CUCTEMM U nNpoLecw,
npegnarawy  MHOroGpoMHN  (OYHKUMK  1©
npeguMmcTBa M CbOTBETHO CbLO TOJSIKOBA
HeygoGcTBa npu agantauuaTa € TaX.
[onama yacT OT TO3M TUN KOHTpPONnepu ce
npeanarat CbC CMOXHM N Hepa3bupaemu 3a
OOMKHOBEHMAT noTpebuten KOMMNIOTbPHU
coptyepn unn c BrpageH notpebutencku
nHTepdenc, npeanaranku  orpaHUYeHu
Bb3MOXHOCTW 3a MaHuUMNynaums.

B nocnegHute roguHM ca HanpaseHM
CTbIMKM 3a pa3sBuTneTo Ha PLC KoHTponepu
OT TuN ,,0TBOpeH" xapayep. 3a TaxHa OCHOBa
ce mnsnonasaTt nnaTtgopmMn OT TO3U TUM KaTo
Arduino, STM32, Raspberry Pl [2,12].

HanpaBeH e nperneg Ha MNoO-M3BECTHUTE
peweHnda, cBbp3aHu ¢ Arduno ©GasmpaHu
PLC, 3awoto nnatrcdopmaTta Arduino e
00eKT Ha nsyyaBaHe BbB hakynTeT TexHuka
n TexHonoruu, Amoéon, Bvnrapus.

EHkoB wn konektvB [4], npeanarat
nporpaMmvpyemMm  FfOrM4ecKn  KOHTpornep,
ynpasnsiBaH ype3 rpadpuyeH notTpedunTenckm
nHrepdenc (GUI). KoHTponepa e Arduino
GasvpaH 1 npeacTasBnsiBa peLIEHNe C HUCKa
cebecTOMHOCTM U ocurypsiBa pelleHve Ha
NO-LUMPOK KPbI OT 3ajayun, CBbp3aHu C
ynpaBneHneTo Ha nNoMMeH arperaTt, B
CpaBHeHwWe C N3MNon3BaHeTo Ha
nHgyctpuanHmn PLC.

Parikh n konektus [7], pa3paboTteaT PLC,
6a3supaH Ha Arduino nnatcopma. ABTopuTte

world [14,15]. In less developed
countries, big barriers are knowledge
and cost. Industrial controllers are
still high in cost. Companies do not
provide detailed information about
the device and the principle of
operation of the controller, as they
are all "closed" hardware [1].

Various companies offer a wide
selection of PLC and modules for
application in the automation of
production systems and process
control, offering numerous functions
and advantages, and equally the
disadvantages of adapting to them.
Many of these types of controllers
come with  sophisticated and
incomprehensible computer software
for the average user or with a built-in
user interface, offering limited
manipulation options.

In recent years, steps have been
taken to develop PLC by open
source hardware systems. They are
based on platforms of this type, such
as Arduino, STM32, Raspberry PI
[2,12].

An overview of the more well-
known Arduno-based PLC solutions
has been made because the Arduino
platform is a subject of study at the
Faculty of Technics and Technology
(FTT), Yambol, Bulgaria.

Enkov et al. [4] offer a
programmable logic controller
controlled by a graphical user
interface (GUI). The controller is
Arduino based and is a low cost
solution and provides a solution to a
wider range of tasks related to the
control of a pump unit compared to
the use of industrial PLCs.

Parikh et al. [7] develop a PLC
based on the Arduino platform. The
authors combine management using
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KOMOUHMPAT ynpaBfieHWeTO C W3MOn3BaHe
Ha Matlab Simulink. AsTopuTe wnsnonssaTt
rpadomyHata cpega Ha Simulink  3a
CbCTaBsAHe Ha rpadmyHa ynpasnsiBawa
nporpamMa Ha KoHTporiepa. Hepoctatbk Ha
TOBa peLLeHne e, Ye ce U3NCKBaT No3HaHus
3a pabota B Matlab cpema un He ce
n3nonaeat cTaHOapTHU e3num 3a
nporpamupane Ha PLC ot IEC 61131-3 [5].

Zaragoza wun konektms [13], npaBaT
CpaBHUTENEH aHamnM3 Ha MPUIOXEHNETO Ha
nHpyctpnaneH PLC u Arduino 6asupaHa
ynpaBnsBallia cuctema npu KOHTpona Ha
nonueBHa cuctema. B pesyntat Ha TO3M
aHanua, aBTopuTe nocoyBaT, 4Ye n fgBeTe
cuctemMnm  mMmat  cBouTe NpeguMMmcTBa U
HepgocTtatbun. WHayctpmnanuuatr PLC ce
nporpammpa 6bpP30, HO € CbC 3HAYUTESNHO
no-Bucoka cebeCTOMHOCT, B CpaBHEHME C
Arduino cuctemata. OT pgpyra cTpaHa
Arduino He MoOXe [OUPEeKTHO Ja ocurypu
BMCOKaTa CTEMEH Ha 3awuTa OT OKOJSIHM
Bb3aencTeus, HanmyHa npu PLC. OceH
ToBa npu Arduino nnatopmarta ce
M3NCKBAT MO3HaHMs MO NporpamvpaHe Ha
e3uk C, gokato B uHgyctpuanuute PLC ce
n3nonsegaTt rpaduMyHu esumun, 6nmskm go
pernenHarta norvka. ABTopute npenopbysaT
KOMOMHMpaHe Ha byHKUUUTE Ha ABaTa BMaa
KOHTpOSiepM W MakcuManHo pga ce
N3non3BaT TeXHUTE NpeauMCTBa.

Susanto wn konektmB [11], npeanarar
mogyneH PLC, 6asumpaH Ha Arduino.
ABTOpuTte CbCTaB4aT MeToaunka 3a
pa3paboTBaHe Ha TakbB  KOHTpORep,
BKMOYBALLA: aHanNM3 U naeHTuduKaums Ha
obekta Ha ynpaeneHwe; MeToan U
WHCTPYMEHTU 3a MPOEKTUpaHe; narpaxgaHe
Ha obopyaBaHe; WMHCTPYMEHT 3a TeCTBaHe
Ha ycTponcTBoTo. Cbhb3gageHunat ot 1ax PLC
npu TecT nokasBa paboTocnocobHOCT wn
N3MepBaHus ¢ 4oCTaTbyHa TOYHOCT.

Cohenour [3], cb3gaBa obyunteneH Kypc
No NporpaMmmpyemMmu form4yeckn KOHTponepu.
3a uenTta m3nonsea Arduino nnatdopma u

Matlab Simulink. The authors use
Simulink's graphical environment to
compile a controller  graphic
program. The disadvantage of this
solution is that knowledge of working
in a Matlab environment is required
and standard PLC programming
languages from IEC 61131-3 are not
used [5].

Zaragoza et al. [13] make a
comparative  analysis of the
application of an industrial PLC and
an Arduino based control system in
irrigation system control. As a result
of this analysis, the authors indicate
that both systems have their
advantages and disadvantages.
Industrial PLC is programmable fast,
but at a significantly higher cost than
the Arduino system. On the other
hand, the Arduino cannot directly

provide the high level of
environmental protection available
with the PLC. In addition, C-

language programming is required
on the Arduino platform, while
industrial PLCs use  graphic
languages close to relay logic. The
authors recommend combining the
functions of the two types of
controllers and making the most of
their benefits.

Susanto et al. [11] offer an Arduino
based modular PLC. The authors
draw up a methodology for
developing such a controller,
including: analysis and identification
of the control object; design methods
and tools; construction of equipment;
device testing tool. The PLC they
created during the test shows
performance and measurements
with sufficient accuracy.

Cohenour [3] creates a training
course on programmable logic
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nporpameH npoaykt Soap Box Snap
(SoapBox Automation). [llegarornyeckute
Luenu, KOMTo ca pelleHn 4Ype3 Ccb3fageHus
obyunteneH Kypc ca: 3ano3HaBaHe Ha
cTygeHtute ¢ ynpasneHneto Ha PLC wu
nagep anarpamu; pellaBaHe Ha
npakTMyeckn 3agaym ¢ nomouwta Ha PLC;
noarotToBka Ha CTyOeHTUTe 3a creBaium
KypcoBe OT 0by4yeHMeTO MM; NOAroTOBKa 3a
peanHoOTO Npou3BoACTBO. ABTOPBT [OKa3Ba
e(deKTMBHOCTTa Ha Kypca 4pe3 nonyyeHuTe
OLEHKM OT U3MUTU, C NOMOLLTA Ha aHKETHMU
nNpoyyYBaHnsa nNpeau u cnep 3aBbplUBaHe Ha
Kypca, KakTo W C HabnwogeHuss BbpPXy
paboTaTta Ha CTyaeHTuTe.

lvan wu «konektmB [6], npeanarart
nporpaMmHa cpega 3a nporpamupaHe Ha
Arduino ¢ nagep guarpama. [NpegmMmcTBo Ha
cpepata 3a nporpamMumpaHe, npeg
oCTaHanuTe  CblUecTByBalwM  NogobHu
cuctemum e, vYe mnsnonsea Ethernet mpexoBa
Bpb3Kka 3a ynpaBreHMe Ha KOHTponepa.
ABTOpuUTE npenopbYBaT ga Cce HanpasAaTt
cnegeaw  paspaboTku, CBbp3aHM C
6e3XMYHO CBbp3BaHE Mexay KOHTponepa u
cpeparta 3a nporpamupaHe.

Ot HanpaBeHUs aHanus Ha
CblUeCTByBaluTe XapAyepHU U NMporpamHu
peLueHns 3a peanusauus Ha
nporpaMmmpyemMmn Form4yeckn KOHTponepu c
TEXHUYECKM cpencTBa, N3non3BaLlu
Xapayep C OTBOpPEH Kof, Ce YCTaHOBMU, 4e
nnatgopmaTta Arduino e nogxogdwa 3a
peanusauus Ha TakmBa CUCTEMM, OCHOBHO
3a uenute Ha HavanHo oby4veHue no paboTta
n nporpamupaHe Ha PLC. ToBa e Taka,
3aW0TO 3a Tasu nnatgopma ca HanuyHu

MHOXECTBO cBoboaHM nporpamu,
peanuaupaLim dyHKUMN Ha PLC
KOHTpOnepw.

ToBa MyNTUMYHKUNOHANHO YCTPOWUCTBO,
e MOXe Aa HaMepu LUMPOKO NPUNOXKEHUE
B pasnn4HM NPOEKTN 3a aBTOMaTMU3npaHe Ha
npouecun. lle moxe pga ce wusnonsea 3a
pa3paboTBaHETO Ha MNPOEKTU OCHOBHO B

controllers. It uses the Arduino
platform and the Soap Box Snap
(SoapBox Automation) software. The
pedagogical goals that are solved
through the created training course
are: familiarizing students with the
management of PLC and ladder
diagrams; solving practical problems
with the help of PLC; preparing
students for the next courses of their
education; preparation for actual
production. The author proves the
effectiveness of the course through
the obtained exam grades, by
means of questionnaires before and
after the completion of the course,
as well as by observing students'
work.

Ivan et al. [6] provide an Arduino
programming environment with a
ladder diagram. An advantage of the
programming environment  over
other existing such systems is that it
uses an Ethernet network
connection to control the controller.
The authors recommend that further
developments be made regarding
the wireless connection between the
controller and the programming
environment.

An analysis of existing hardware
and software solutions for the
implementation of programmable
logic controllers with open source
hardware has revealed that the
Arduino platform is suitable for the
implementation of such systems,
mainly for the purposes of initial job
training and programming. PLC. This
is because there are many free
programs available for this platform
that implement the functions of PLC
controllers.

This multifunctional device will be
able to find wide application in
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obyyeHuneTo. Ule ce wu3nonsea oOT xopa
KOUTO HAMAaT 3aabfboyveHn Mno3HaHuMs no
€MNEeKTPOHMNKA, aBTOMATKKa M NporpamMmmpaHe.

MNeparornyecknte uenu [8,9], kouto
mMoratT ga  6bgar  M3NbIHEHW  Npwu
peanu3auus Ha TakMBa nporpaMmmpyemm
NOrMYECKN KOHTPOSiep Ca CBbpP3aHU CbC
3ano3HaBaHe Ha cTyaeHTuTe c
ynpasneHneto 4pes PLC wu nagep
avarpamu; peanusnpaHe Ha npakTU4eCKu
3agauym ¢ nomowta Ha PLC; nogrotoBka Ha
cTyaeHTa 3a cnegsaium y4ebHu
OVUCUMNIIMHK,  peanu3npaHe Ha pearnHu
3agayv OT MHOYCTPUAanHOTO NPON3BOACTBO.

Llenta Ha HacToswaTa paboTta e ga ce
npeanoxun Arduno 6asnpaH PLC koHTponep,
KOWTO Aa e nogxoasuy 3a obyyeHue.

2. MaTtepuan n metoau

3a paspabotBaHe Ha nporpamupyem
NOrNYeCcKn KOHTponep e n3bpaH
eagHonnaTtkoB MukpokommnoTbp Arduino Uno
(arduino.cc). Mpu nperneg Ha copTyepHUTE
npoaykTM  KoMTO Cce  npegnarat  3a
nporpammpaHe Ha Arduino PLC e wn3bpaH
Soap box snap (SoapBox Automation). Tasu
nporpamMa wumMa CcrnegHuTe nNpeaumcTBa:
PaspaboTteHa e 3a pabota ¢ Arduino; Nma
neceH 3a n3nonssaHe rpadpuyeH
nHTepdenc; Cbabpxa nbneH Habop oT
komnoHeHTn 3a PLC; He ca Heobxogummu
3HaHMs no nporpamupaHe 3a paboTta c
nporpamHuns NPOAaYKT; OnpocteHa
WHCTanauus Ha nporpamata; HanbnHo
GesnnatHa 3a nonseaHe; [lporpama c
OTBOPEH KOA.

KoHgurypupaHeTo Ha  TakbB  TuUn
KOHTponep, 6asupaH Ha Arduino cpepa 3a
pa3paboTky, NO3BOSISIBA CbYeTaBaHETO Ha
pasHooOpasHn Moaynm 3a NoCcTuraHe Ha
KpanHaTa uern.

PaspaboTteHus Arduino PLC koHTponep

nma cnegHuTte XapaKTEPUCTUKU:
3axpaHBawo HanpexeHne - 220 V,AC;
AHanoroeu Bxogose — 6; Lwudpposu

various processes automation
projects. It can be used for project
development mainly in training. It will
be used by people who do not have
a thorough knowledge of electronics,
automation and programming.

The pedagogical goals [8,9] that
can be fulfilled in implementing such
a programmable logic controller are
related to familiarizing students with
PLC control and ladder diagrams;
implementation of practical tasks
with the help of PLC; preparation of
the student for the next courses;
realization of  real industrial
production tasks.

The purpose of this work is to
provide an Arduno based PLC
suitable for training.

2. Material and methods

An  Arduino Uno (arduino.cc)
single-board microcomputer was
selected to develop a programmable
logic controller. When reviewing the
software  products offered for
Arduino PLC programming, Soap
box snap (SoapBox Automation) is
selected. This program has the
following advantages: It is designed
to work with Arduino; There is an
easy-to-use graphical interface;
Contains a complete set of PLC
components; No programming
knowledge is required to work with
the software; Simplified installation
of the program; Totally free to use;
An open source program.
Configuring this type of controller,
based on the Arduino development
environment, allows the combination
of various modules to achieve the

end goal.
The developed Arduino PLC
controller has  the  following
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Bxogose/msxogn — 7 (3 - morat ga ce
n3nonseat W KaTo aHanoroBn W3Xoau);
PenenHn naxogn — 4 (NO/NC); NHTepdenc
KbM nepcoHaneH komnioTbp — USB; Pecet
OyTOH.

Ha dwurypa 1 e npeacraBeHa cxema Ha
Arduino PLC koHTponepa. KoHTponepa ce
CbCTOM OT efHonnaTtkoBa KOMMIOTbpHA
cuctema Arduino Uno. Kbm Hero ca uypes
nnHoBe 9,10,11 mn 12 ca cBbp3aHn 4
penenHn moayna, ocurypsisalun penenHuTe
nsxogm Ha PLC koHTponepa. 3axpaHBaHeTo
ce OocCbllecTBABa OT 3axpaHBall MOAyn
KouTo npeobpasysa 220V NpoOMEHNNBM KbM

12V NOCTOSIHHO HanpexeHue.
MWKPOKOHTpONEpP®LT € 3axpaHeH npes
3axpaHBawata 6ykca MOHTMpaHa Ha

nnatkata ¢ 12V Konkoto € paboTHOTO My
HanpexeHune. PenenHnte mogynun paboTtar
Ha 5V  HanpexeHme. 3a  TAXHOTO
3axpaHBaHe Cce W3non3ea perynatop Ha
HanpexeHne uA7805 (Texas Instruments
Inc.), kouTo Hamansiea 12V Kouto ocurypsiea
3axpaHBalna Moayn Ha Heobxognmute 5V
HanpexeHwue.

characteristics: Supply voltage -
220V, AC; Analog inputs - 6; Digital
inputs / outputs - 7 (3 - can also be
used as analog outputs); Relay
outputs - 4 (NO / NC); PC interface -
USB; Reset button.

Figure 1 shows a diagram of an
Arduino PLC  controller. The
controller consists of a single board
Arduino Uno computer system. It is
connected to pins 9,10,11 and 12 by
4 relay modules, providing relay
outputs of the PLC controller. Power
is provided by a power module that
converts 220V AC to 12V DC. The
microcontroller is powered through a
12V power supply to the circuit
board as far as its operating voltage.
The relay modules operate at 5V
voltage. For their power supply a
voltage regulator uA7805 (Texas
Instruments Inc.) is used, which
reduces 12V which provides the
power module with the required 5V
voltage.

e ——

®dur.1. PaspaboteH PLC koHTponep — obLy Bug

-

Fig.1. Developed PLC controller -
general view
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1-MukpokoHTponep Arduino; 2-AHanorosu
Bxogose; 3-Lindposun Bxogose/nsxoau u
aHanorosu na3xogu; 4-PenenHun naxoaou; 5-
PenenHin mogynu; 6-3axpaHBaly, mogyn; 7-Pecet
OyToH; 8-USB Bxoa

3. PesynTtatn n guckycums

Mpn paspaborBaHe Ha Temute 3a
yrpaxHeHuaTa ca M3Non3BaHu crnegHute
HanpaBneHus B oby4yeHneTo no
nporpaMmmpyemMm fnorm4eckn KOHTPOSEpMU:
OcHoBn Ha PLC; KoHdurypauusa Ha PLC;
pabota C uupoBM ©n  aHaNorosu
Bxopose/naxogn (1/O); [MporpamupaHe c
nagep guarpama; peanusauusi Ha OCHOBHM
ynpasnssaLin PLC nporpamu C
n3non3BaHe Ha Tanmepun n Gposyw.

Mpn pelwaBaHe Ha MpaKTUYECKUTE
3agaym Ha nbpBM eTan ce peduHupa
yCrOBMETO W MocregoBaTeniHocTTa Ha
n3nbnHeHne. Btopus eTan  BkMA4Ba
onpenensHeTo Ha npouecHuTe
WH(POPMALMOHHN  TOYKW, CBBbP3aHM C
BXxogoseTe n nsxogute Ha PLC.

Bcuukn  npakTnyeckn ynpaxHeHus ca
peanuanpaHn B crnegHata  CTPyKTypa
(Tabnuua 1): Tema Ha ynpaxHeHueTo; Len
Ha YNPaXHEHWETO; TeopeTnyHa
NMOCTaHOBKA; 3adayu 3a M3NbIHEHWE; pen
3a npoBexpgaHe Ha  yNpaXHEHUETO;
peanu3auua M TeCT Ha Yynpasnssalla
nporpama; n3Boaw.

Ta6bnuua 1.

PeanuaunpaHu npakTMyecku ynpaxxHeHus
¢ Arduino 6asupaH PLC u nporpamHo

1-Arduino Microcontroller; 2-Analog
inputs; 3-digital inputs/outputs and
analog outputs; 4-Relay outputs; 5-
Relay modules; 6-Power module; 7-
Reset button; 8-USB port

3. Results and discussion

The following topics of training for
programmable logic controllers were
used to develop the topics for the
exercises: PLC Fundamentals; PLC
configuration; work with digital and
analog | / O (I / O); Ladder diagram
programming; implementation of
basic PLC control programs using
timers and counters.

When solving the practical tasks in
the first stage, the condition and the
sequence of execution are defined.
The  second stage involves
determining the process information
points related to the PLC inputs and
outputs.

All  practical exercises were
implemented in the following
structure (Table 1): Topic of the
exercise; Purpose of the exercise;
theoretical formulation; performance
tasks; exercise order;
implementation and test of a
management program; conclusions.

Table 1.
Practical exercises with Arduino
based PLC and Soap Box Snap

ocurypsisaHe Soap Box Snap software
Tema Uen 3agaum Pesynrtatu
Topic Aim Tasks Results
YcBosgiBaHe Ha Oa ce peanusupa enekrpuyecka Peanusauus Ha
3HaHWA U YMeHUS Bepura cbC 3aknyBaHe Ha 6yToH. | Nporpama 3a
YnpasneHue Ha | No cb3gaBaHe u Oa ce peanusnpa ynpasneHue Ha | ynpasneHue
ereKkTpuyecku ynpasneHue Ha enekTpuyecka sepura ot NycKkaHeTo Ha
BEPUTK eneKTpuYeckn pascTosHuve. [la ce peanusupa TpudaseH
Control of Bepurn c PLC erekTpuyecka Bepura ¢ BbTpellHa | aCUHXPOHEH
electrical Acquiring 3awmrta enekrpoaBurarten
circuits knowledge and To implement a circuit with a button | Implementation of a
skills in creating lock. Implement remote control of program for
and control of the electrical circuit. To implement | controlling the start-ug
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electrical circuits
with PLC

an electrical circuit with internal
protection

of a three-phase
asynchronous motor.

[NpoekTnpaHe Ha

BpaTtata 1psibBa ga ce oTBaps
ype3 OyTOH; 3aTBapsiHETO cTaBa c
apyr 6yToH; [1a ce nsnonsea
aBapueH cton; CtapTupaHeTo Ha

PeanunanpaHe Ha

ynpasndsailia

nporpamMa 3a

ynpaengsaiia gBuratens B pasnuyHWTe NOCOKK
Cucrema 3a cuctemMa 3a Ja cTasa C He3aagbpxXallun ByTOHuU;
ynpaeneHue Ha | nopTanHa Bparta Ha | [lpomaHaTta Ha nocokaTta Ha
nopranHa CKNagoBo BbpPTEHE [a Ce OCbLLEeCTBU CbC
BpaTa nometleHve 3alUMTHO 3aKNioYBaHe

Portal door Design of a control | The door must be opened by a

control system

system for a portal
door of a
warehouse

button; Closing is done with
another button; Use emergency
stop; Starting the engine in
different directions with non-holding
buttons; Change the direction of
rotation with a safety lock

nopTanHa BpaTta Ha

CcKnaagoBo

noMelleHne
Implementation of a

control program for
a portal door of a
warehouse

YnpaBrieHme Ha
cucrtema c
nHEBMAaTUYeEH
UMnMHOLP
Control of a
pneumatic
cylinder system

YcBosiBaHe Ha
3HaHWUA U YMeHUS
no ynpasneHue Ha
NHEBMaTU4HU
cuctemu ¢ PLC
Acquiring
knowledge and
control skills for
pneumatic systems
with PLC

[Ja ce peanunsvpa cxemHo
pelueHve 1 ynpasnsasaua
nporpama 3a ynpasrieHue Ha
NHEBMAaTUYEH LUIUHOBP

To implement a circuit design and
control program for the control of a
pneumatic cylinder

CxeMHo pelueHue U

ynpasndasatiia

nporpamMa 3a
yrnpasJjieHne Ha

nHeBMaTnyeH
UMAMHABLP
Schematic solution
and control program
for pneumatic
cylinder control

CxeMHOo pelueHue U

Qa ce peanunsmpa cxemHo ynpasnsasatia
YcBosiBaHe Ha
—_— _——— pelueHue 1 ynpasnssauia nporpamMa 3a
AsTomMaTusaums | pabota c 6posuu u
v nporpama 3a ynpasfieHue Ha ynpasneHue Ha
Ha rapax Tanmepu
= . rapax rapax
Garage Acquiring work with - . . . .
. To implement a schematic solution | Schematic solution
automation counters and
timers and a control program for garage and control program
management for garage
management
CxeMHo pelleHue u
ABTOMaTU3auuA Oa ce peanusnpa cxemHo ynpaensgatia
YcBosiBaHe Ha
Ha NUHWS 3a peLueHne 1 ynpaenssaiia nporpamMa 3a nuHus

nakeTnpaHe Ha
NpoayKTU
Automation of
product
packaging line

paboTta ¢ bposuun 1
Taiimepu

Acquiring work with
counters and
timers

nporpama 3a JimHuA 3a naketTnpaHe

3a nakeTnpaHe Ha

Ha NpoayKTH
Implement a schematic solution

and control program for a product
packaging line

NpOAYKTU
Schematic solution
and control program
for product
packaging line

YcBosiBaHe Ha

ABTOMaTM3aUMA | 3HAHMA 3a

Ha pe3epBoap ynpasneHue Ha
3a TEeYHOCTU KOMMJIEKCHU
Automation of obektun

fluid tank

Learning to control
complex projects

[Ja ce peanunsvpa cxemHo
pelueHve 1 ynpasnsasaua
nporpamMa 3a aBTomaTmsaums Ha
pe3epBoap 3a TeYHOCTU

To implement a schematic solution
and control program for water tank
automation

CxeMHo pelueHue U

ynpasnsasatia
nporpama 3a
aBTOMaTM3aLms Ha
pesepBoap 3a
TEYHOCTU
Schematic solution
and control program
for fluid tank
automation
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MpvmMep 3a peanusaums Ha MNPaKTUYECKO
ynpakHeHne MoXe Oa ce npeacTaBu 4ypes
yNpaBneHNeTo Ha KOMMMEeKceH O0BekT -
BoAeH pe3epBoap. [Mpu Hero ca HanuyHu
n3MepBaHe W perynupaHe Ha HMBO Ha
TEYHOCT, U3MNOmn3BaHe Ha TanMepu, KakTo U
yrnpaBneHve Ha enekTpoaBuraTern.

TeopeTnyHaTa 4acT BKMOYBa MOSICHEHME,

ye TEXHOMOTUYHUTE npouecu B
HedTonpepaboTBallata, xapTveHata MU
BOAONpeyncTBarenHaTa NMPOMULLINIEHOCTU
n3nckeat TeYyHoCTUTE na obaar

N3NOMMBaHKW, CbXpaHABaHW B pe3epBoapu n
Aa ce npefasaT KbM Apyrun pesepBoapu.
YnpaBneHneTo Ha TEYHOCTU B pe3epBoapu m
NoTOKa Mexay pes3epBoapu € OCHOBHA
3afjaya B TexHonorumyHus npouec. MHoro
NMbTU TeyHoCTuTe ca obpaboTBaHm uypes
XUMUYHU UMW CMECUTENHW MaHunynaumm B
pe3epBoapu, HO BMHarM HABOTO Ha hnymaa B
pesepBoapa TpsAbBa ga ce KOHTponupa, a
NOTOKbT MeXAy pesepBoapute pga ce
perynupa. HMBOTO M NOTOKa ca OCHOBHU
perynupyeMmmn Benn4mHu B MHOIO XMMMUYECKU
TEXHOMOMMYHN CUCTEMM.

Llenta Ha ynpaxHeHveTro e [a ce
peanusnpa CXEMHO peLueHne n
ynpaBnsBallia nporpama 3a aBToMaTu3auus
Ha pe3epBoap 3a TEYHOCTW.

Ha dwurypa 2 e nokasaHa cxema
npyHUMnHa Ha obekta 3a ynpaBreHue -—
BoAeH pesepsoap. C S1 e o3HayeH ceH3opa
3a [JocturaHe Ha rOpHO HMBO, a C S2
CEH30pPbT 3a JOCTUraHe Ha 4OMHO HuBo. M e
asuratenaTt Ha ObpkankaTta, a V1 u V2 ca
CbOTBETHO KfanaHuTe 3a MbiflHEHE U
n3TouBaHe Ha cbha. ABToMaTmsauusTa Ha
pasrnexgaHuaT pesepBoap Ce CbCToM B
cnegHute cTbnku: MNpu gocturaHe Ha OOMHO
HMBO Ce 3a4enCcTBa KnanaHa 3a NbfHEHE Ha
pesepBoapa; Cnen [oCTUraHe Ha TOpPHO
HMBO KnanaHa 3a MbIfIHEHE Ce W3KIo4Ba;
BkniouBa ce Obpkankata 3a 3s; Cnep
n3TM4aHe Ha BpemeTo OT 3s ce BKIYBa

An example of a practical exercise
can be presented through the
control of a complex object - a
water tank. It provides
measurement and control of water
level, timers, and motor control.

The theoretical part includes a
clarification ~ that  technological
processes in the oil, paper and
water treatment industries require
liquids to be pumped, stored in
tanks, and transferred to other
tanks. Fluid management in tanks
and flow between tanks is a major
task in the technological process.
Many times the liquids are treated
by chemical or mixing manipulation
in tanks, but the fluid level in the
tank must always be controlled and
the flow between the tanks
regulated. Level and flow are the
main adjustable quantities in many
chemical technology systems.

The purpose of the exercise is to
implement a schematic solution and
control program for water tank
automation.

Figure 2 shows a schematic
diagram of a control object - a water
tank. S1 indicates the sensor to
reach the upper level and S2 the
sensor to reach the lower level. M is
the motor of the stirrer and V1 and
V2 are respectively the valves for
filling and draining the vessel. The
automation of the tank under
consideration consists of the
following steps: Upon reaching the
lower level, the valve for filling the
tank is activated; After reaching the
upper level, the filling valve
switches off; Turn on the mixer for
3s; After a period of 3s, the drain
valve is switched on and the stirrer
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KnanaHa 3a u3To4BaHe UK ce cnupa
6bpkankara; Mpu nstousaHe Ha pesepsoapa
M CbOTBETHO [OCTUraHe Ha [OSIHO HUBO
LMKbIa ce NnoBTaps.

is stopped; When draining the tank
and
accordingly, the cycle is repeated.

reaching the lower level

s1 O

M

V1

LT

V2

dur. 2. PesepBoap 3a TeHHOCT — OCHOBHa
cxema

[ednHupaHeTo Ha npPoLEeCcHU
WHOPMALMOHHN  TOYKM € [OKasaHoO B
Tabnmua 2. OcBeH geduHMpaHUTE BXOOHO
n3xogHn  agpecw, B  ynpasensBsawiarta
nporpama e MeobxogMmo ga Obaar
BKMtoYeHN Tanmep T1 n codpTyepHe KOHTaKT
M1.

Ta6bnuua 2.
MpouecHn nHcopMaLMOHHN TOYKU

Fig. 2. Liquid tank - basic diagram

The definition of process
information points is shown in
Table 2. In addition to the defined
input and output addresses, the
timer T1 and software contact M1
should be included in the control
program.

Table 2.
Process information points

Mn Ha UH MaLMOHH
pouecHa MHopMaLlMOHHA ec DYHKLMS
TOuYKa Anpec —YHELA
L . Address Function
Process information point
S1 1 CeH30p 3a JOCTUTHATO TOPHO HMBO
High water level sensor
CeH30p 3a A0MNHO HMBO
S2 12
Low water level sensor
V1 Q1 KnanaH 3a nbnHeHe Ha pe3epBoapa
Input water valve
KnanaH 3a nsroysaHe Ha
V2 Q2 pesepBoapa
Output water valve
M Q3 ﬂgmraTen Ha Obpkankarta
Stirrer motor

Ha dwurypa 3 e nokasaHa peanusnpaHa
nporpama 3a PLC. Npn gocturaHe Ha OONHO
HMBO Ce 3aJencTBa KnanaHa 3a NbJIHEHe.
HopmanHo OTBOPEHUAT KOHTaKT Ha KnanaHa

Figure 3 shows a implemented
PLC program. When the bottom
level is reached, the filling valve is
activated. The normally open
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,<3aKno4Ba“  3axpaHBaw@ata NiMHMA, a
HOPMAarHoO 3aTBOPEHUAT KOHTAKT Ha AaTyuka
3a [OCTUrHaToO rOPHO HUBO [encTBa KaTo
GnoKMpOBKa T.€ ako ce JOCTUrHE rOPHO HMBO
Ce W3KMYBa KnanaHa 3a nbrHeHe. Cnen
AOCTUraHe Ha ropHO HUBO T.e HanbfiIBaHe Ha
pesepBoapa ce nodaBa HarnpexeHue KbM
copTyepHus KOHTaKT M1, HEeroBuAT
HOpManHO OTBOPEH KOHTaKT  3aknito4dBa
Bepurata. HopmanHO 3aTBOPEHMUAT KOHTaKT
Ha |2 B cnyyas gencrtBa kato GnokupoBka C
Len M3krnYBaHe KnanaHa 3a u3todsaHe npu
AocTUraHe Ha [JOfHO HUMBO cneg kKato e
NPUKOYNIT eTana Ha N3TOYBaHe.
CodpTyepHmar  koHTaktT M1 3apgenctBa
eqHOBpeMeHHO Tavmepa T1 n GbpkankaTta.
HopmanHo 3aTBOpPEHUMAT KOHTakT Ha T1
n3knoyBa Obpkankata cnef M3TMYaHe Ha
3agafeHoTo BpemMe 3a pasbbpkBaHe. [pwu
n3TM4aHe Ha BpemMeTo 3a pas3bbpkBaHe
HOpPMarnHO OTBOPEHUSAT KOHTaKT Ha Tanmepa
T1 ce 3aTBapsa W 3agenctBa knanaHa 3a
n3TOYBaHe OO0 OOCTUraHe Ha OOSfHO HMBO Ha
pesepBoapa.

i SoapBux Snag

P -

contact of the valve "locks" the
supply line, and the normally
closed contact of the sensor for the
upper level reached acts as a lock,
ie if the upper level is reached, the
filling valve is switched off. After
reaching the upper level ie filling
the tank, voltage is applied to the
software contact M1, its normally
open contact locks the circuit. The
normally closed contact of 12 in this
case acts as a lock to prevent the
drain valve from reaching the lower
level after having completed the
drainage stage. The M1 software
contact triggers both the T1 timer
and the agitator. The normally
closed T1 contact shuts off the
stirrer after the preset mixing time
has elapsed. When the agitation
time expires, the normally open
timer contact T1 closes and
activates the drain valve until it
reaches the lower tank level.

1
H 1
a

L
T

-
-O-
_@_
]
T

i
T

b

®dur. 3. PeanusupaHa nporpama 3a PLC

PeanmampaHMTe no npeancraBeHNA HaYuH
ynpa>XHeHunA, no3sondaBaTt Ha BCUYKHN

Fig. 3. PLC program

The exercises presented in this
way allow all students to work
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CTyoeHT™M ga paboTar  camMOoCTOATESHO.
M3non3gaTr ce  OOCTbMHM  XapAyepHu
yCTpOWCTBA W NPOrpaMHO  OCUrypsiBaHe.
YCbBbPLIEHCTBAT Ce 3HaHUSTA U YMeHusTa
Ha cTyaeHTuTe 3a pabota ¢ PLC. MNpegnarat
Ce pelleHNa Ha KOMMMEKCHU NpaKTU4eCKn
3agaum O6nmM3kM OO Te3nm OT  peariHoTo
NPOV3BOACTBO.

PaspaboTeHnTe ynpaxxHeHnsa ca OCTbMNHM
B KypCOBE OT €ENEeKTPOHHOTO obyyeHune Ha
dakynter TexHuka u TexHonorun (PTT),
Ambon, Bvnrapus. Ha durypa 4 e nokasaH
npumMep C ynpaXxHeHuss B Kypca no
ancumnnuHaTa ,KoMniTbpHO ynpaBneHne Ha
eneKTPOMEXaHNYHU cucrtemm”.
YnpaxHeHusTa ca npencTBEHW BbB BuA 3a
camocTosaTenHa paboTta Ha CTygeHTuTe.
HobaBeHn ca 1 BugeomaTtepuanu, KOMTo ga
AonbnBaT W oHarnegaBat TeopeTudHaTta
4YacT KbM ynpaKHEeHUATa.

i)

PP e

N (mi
B R

=T pHBFE s (Star-Delts star

®dur. 4. NMpunoxeHne Ha pazpaboTeHUTe
ynpaxHeHus B Kypc oT EnekrpoHHoO oby4yeHue

4. 3aKkno4yeHue

MocturHata B HacTtoswarta paboTta uen,
cBbp3aHa C paspaborBaHe Ha PLC wn
BHeapsiBAHETO My B 0Oy4eHMeTo, ocurypsisa

independently. Affordable hardware
devices and software are used.
Students' knowledge and skills of
working with PLC are being
improved. Solutions of complex
practical problems close to those of
real production are offered.

The developed exercises are
available in e-learning courses at
the Faculty of Technics and
Technology, Yambol, Bulgaria.
Figure 4 shows an example of
exercises in the course "Computer
Control of Electromechanical
Systems". Exercises are presented
in the form of independent work of
students. Video materials have
been added to complement and
illustrate the theoretical part of the
exercises.

+ BE 4 ©

Fig. 4. Application of the developed
exercises in the eLearning course

4. Conclusion
The goal achieved in this work,

related to the development of the
PLC and its implementation in the
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CaMOCTOATENHO N3NbHEHWe Ha
NPaKkTMYEeCKN 3agadnm OT CTyaeHTUTe KaTto
OCHOBHM obyyaemu. M3nonsesa ce AOCTbMEH
Xapayep, C KOeTo ce HamansiBaT pasxoguTe
3a obopygBaHe U Noa4pbXKa. Ha
CTyOEHTUTE ce NpeaocTaBss Bb3MOXHOCT 3a
camocToaATenHa pabota, KoATO BOAM OO

nopobpsaBaHe YMEHUATa, KOUTO ca
AedrHUpaHu B Lennte Ha oby4eHmneTo.
Oor paspaboTteHute NnpaKkTU4ecKkn

YyNpaXXHEeHUs1, ce YCTaHOBU, Ye NpeanoXeHus
Arduino PLC koHTponep e nogxogsw, 3a
pelaBaHe Ha  pasnMYHN  MpaKTU4EeCKn
3agauun, 6nm3knm go pabotata B pearnHu
yCnoBmss Ha nNpou3BOACTBO. Ype3 Hero
CTyaeHTuTe  npuagobmBat  ymeHuss  no
aBTOMaTU3auus Ha NPON3BOACTBEHM
npouecKn, Kakto W 3a nporpamvpaHe Ha
KOHTponepu. Bb3 ocHoBa Ha peanuanpaHute
npumepu B HacToALMSA NPOEKT,
paspaboteHns Arduino PLC koHTponep, €
nobaBeH KbM CblUecTByBalUMsi Kypc 3a
oby4yeHune Ha ctygeHTuTe BbB OTT Ambon.
Mpeanoxennat PLC, wmoxe pga ce
nsnonsea W OT Xopa, KOWUTO Hamat
3a4bnboYeHn MNOo3HaHMA N0 EeNeKTPOHMKA,
aBTOMaTuKa n nporpammpatHe, 3a
peanun3npaHe Ha COOCTBEHN NPOEKTM.

5. lluteparypa

training, ensures the independent
fulfillment of practical tasks by the
students as  basic learners.
Affordable hardware is used to
reduce equipment and maintenance
costs. Students are given the
opportunity to work independently,
which enhances the skills that are
defined in the learning objectives.

From the practical exercises
developed, it was found that the
proposed Arduino PLC controller is
suitable for solving various practical
tasks close to working in real
production conditions. Through it
students acquire skills in automation
of production processes as well as
programming of controllers. Based
on the examples provided in this
project, the developed Arduino PLC
controller has been added to the
existing training course for students
at FTT Yambol, Bulgaria.

The proposed PLC can also be
used by people who do not have a
thorough knowledge of electronics,
automation and programming to
realize their own projects.
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