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ADDITIONAL MODULES FOR PROGRAMMABLE LOGIC CONTROLLER
BASED TRAINING STANDS

Urgency of the research. Programmable logic controllers are devices, which are necessary for building of controlling systems
mainly for industrial applications. Therefore, there is an effort to make intensive training for knowledge and skills in this area.

Target setting. Training stands have been developed of the training purpose. Programmable controllers are used together
with sensors and actuators. The aim is to make a training in area for working with sensors and actuators to compose completed
project similar as it is required in industry.

Actual scientific researches and issues analysis. Training set allows making hardware simulation of control system. But
also, it is important to apply it together with other real parts. Practical experience with using of all components together are
highly required. There are some effects, which cannot be simulated virtually, and it is necessary to pass it also through the
hands of young mechatronic students.

Uninvestigated parts of general matters defining. The questions of the networked structure of programmable logic con-
troller devices, sensors and actuators networks are uninvestigated and therefore the next research will be focused on this.

The research objective. The main goal is to create a compact device with real models of actuators and sensors for training
Sfuture application developers with a programmable logic controller. Such real objects as actuators and sensors have many
properties and effects, which should be tested experimentally. There are problems with signal noise, hysteresis, dead zones,
saturation, backlash, deformation effects, friction effects, thermal effects etc. Influence of these effects to control systems can
be explored using the experimental works.

The statement of basic materials. Our training stands include free din rails for additional modules, which can be very
easy and fast inserted into these stands. DIN rail system is frequently used in industrial racks as well. Every additional module
has own screw terminal for connection to power supply and connection to programmable logic controllers.

Conclusions. Main contribution is that students will practically work with real systems with programmable logic control-
lers and with sensors and actuators. All theoretical knowledge can be experimentally verified on these stands equipped with
additional modules with sensors and actuators.
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Introduction. Training stands (fig. 1) are designed for training process with programmable
logic controller (also called as PLC). These stands include programmable logic controller core,
human machine interface, industrial switch, power supply, circuit breaker and main backlight
power switch, main and additional screw terminal. The main frame is composed of aluminium
construction profiles and there are three DIN rails for placement of additional devices. Primary
aim was to complete training stands as compact movable stations for fast prototyping of any
control system. The idea was to include frequently used sensors and actuators for additional
practical work of students in training process. Students can make training in area of sensors and
actuators connecting. Understanding of these basic principles and related problems will uncover
the bigger creativity of students and better adaptability to complicated industrial conditions.
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Fig. 1. Training stands with programmable logic controllers

The effort to improve the educational process was the motivation for the developing of addi-
tional modules for programmable logic controllers. Button modules and combined modules with
switches, buttons, LEDs and buzzers have been created. Inductive and capacitive sensors were
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used to build sensor modules. Relay modules will be used to control the actuators. Solenoid ac-
tuators were used to build additional actuator modules. Fans with BLDC motors with a size of 80
mm and a pair of fans with dimensions of 40 mm were placed on other actuator modules.

1. Switch and buttons modules. Modules - Hardware simulator (fig. 2) includes parallelly
connected four toggle switches and four momentary buttons connected to +24V. It means that
there are four channels of generators of logical states S1, S2, S3 and S4. These switches and
buttons can simulate the limit switches, proximity switches, level switches, door switches, tem-
perature switches, pressure switches or other two state sensors. So, it is possible to simulate real
processes with logical one or logical zero. If PLC sends any logical state to its digital outputs,
it is logical zero or logical one. For this purpose, there are four LED diodes with resistor for
limiting of current flow to 20mA. These LED diodes can be used for visualisation of output
logical state on PLC outputs. LED diodes are used instead of any real controlled devices as
actuator, relay, or light tower. The hardware simulator also includes one channel with buzzer,
which can be also used for connecting to any PLC digital output. Students can build any appli-
cation with this hardware simulator instead of real controlled plants. This situation enables to
try very dangerous situation in control process without any risk and disaster.
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Fig. 2. Hardware simulator with toggle switches, momentary buttons, LEDs and buzzer

Modules — Buttons (fig. 3) include two momentary buttons with possibility to use normally
open or normally closed mode. Switching mechanism of both buttons is covered with transpar-
ent plastic for the better visibility of working principle.
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Fig. 3. Buttons modules

2. Sensor modules. First sensor module (fig. 4) consists of two pieces of inductive PNP
three wire sensors. Both sensors are connected to screw terminal. Sensors have indication LED
diode for signalization of metal object detection. Next sensor module (fig. 5) holds the capaci-
tive sensor for detecting non-metal object. Detection makes a signal using the built-in LED
diode. Detection distance can be adjusted with screwdriver on multi turn potentiometer. Also,
this module includes the screw terminal for connecting power supply and signal cables.

3. Actuator modules. First basic part for output systems is electromagnetic relay (fig. 6),
which is used for controlling of high power system, which cannot be connected directly to PLC,
but it is possible to connect them to relay switching contacts. Relay is mounted on pluggable
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DIN socket, which allows to change damaged relay very fast. Solenoid electromagnetic actuator
1s included in next module (fig. 7). The solenoid actuator is often used to perform linear move-
ments such as servo valves for pneumatic and hydraulic systems, electronic locks, printers, copy
machines, fuel systems, starter systems, water systems, gas systems, latching mechanisms,
brake systems, transmission mechanisms, etc. When using a solenoid actuator, a situation may
occur where the solenoid coil heats up and may be destroyed. This situation can occur if this
actuator is activated for a long time. For this reason, a bimetallic thermal switch (fig. 7) is
installed on the solenoid actuator coil. So, at an increased coil temperature, the electric current
passing through the coils is automatically interrupted.
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Rotary electrical machines are also often used in automated and mechatronic applications.
DC and BLDC motors are often used mainly in smaller devices for the implementation of rotary
movements or in combination with gear mechanisms also for the creation of linear motion.
BLDC motors with fans are used to create additional modules (fig. 8) for training stands with
programmable logic controllers. Modules (fig. 8) with a fan with a diameter of 80 mm with a
protective cage and a screw terminal were created. To simulate systems with multiple actuators,
modules with two fans with BLDC motors with a diameter of 40 mm with a protective cage
and screw terminals were created (fig. 9).

Fig. 8. Modules with 80mm BLDC fans
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Fig. 9. Modules with double 40mm BLDC fans

4. Fully equipped training stand. The result of the development of training stands and
extension modules are fully equipped workstations (fig. 10) for training and simulation of stand-
ard and industrial applications with programmable logic controllers. In addition to software, it
is also possible to train hardware applications and experimentally verify proposed applications
with sensors and actuators. These advanced training stations provide much more space for ex-
perimental work and testing of future applications, because in many cases only virtual experi-
ments fail to provide reliable information about the future features of the proposed system. They
are therefore a suitable addition to virtual prototypes created in simulation software, because
after a successful simulation in a virtual environment, it is possible to create a real experiment
with real sensors and actuators. In this concept, six working training stands were created for
didactic purposes and for research work in the development of automated, mechatronic and
robotic systems (fig. 11).
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Fig. 10. Fully equipped training stands overall configuration prepared for use.

Fig. 11. Fully equipped training stands with programmable logic controllers

5. Conveyor with feed application. Figure 12 shows the example of training on training
stands. Designed system consist of conveyor with tank and feed with automatic filling system.
Module with inductive sensor (fig. 4) is used as proximity sensor for detection of tank and
capacitive sensor (fig. 5) is used as level sensor of filled tank.
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Fig. 12. Ladder diagram for control system for conveyor with tank and feed system

Module with solenoid actuator (fig. 7) is used as model for servo valve filling system and
module with BLDC motor (fig. 8) is used as function model of conveyor motor. Both actuators
must be used with relay switch module (fig. 6) for safe control of the system. Part of the system
solution is also the design of an HMI interface for this application, in which interactive elements
for control and animations for realistic display of the current state of the controlled system were
also designed.
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Fig. 13. Human machine interface for solved example of conveyor with tank and feed system

Conclusion. The proposed laboratory stands together with additional modules represent com-
plex platform solutions for training and research work in laboratory conditions. Students working
on these sets can verify their theoretical knowledge, but above all, they will also gain practical
experience in this area and habits in working with industrial elements and systems. The whole
device is compact and so it is very easy to carry it without the need to dismantle the project.
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JOIOATKOBI MOAYJII JIAA HABYAJIBHUX CTEH/AIB HA OCHOBI
ITPOI'PAMOBAHMUX JIOTTYHHUX KOHTPOJIEPIB

Axmyanvricmos memu 00cnidxcenua. [lpoepamosani 102iuni KOHmMpoIepu — ye npucmpoi, aKi Heobxioni 011 nooyoosu
cucmem KepyeaHHs, NepesadcHo 018 HPOMUCIOBUX 3ACMOCy8anb. ToMy 00KIa0aiomvCa 3yCUis 0N IHMEHCUBHO20 PO3GUIMKY
3HAHb | HABUYOK Y Yill 2aTY3i.

ITocmanoexa npoonemu. Li cmenou po3pobneni ona nasuansHux yineil. [Ipoepamoeari KOHmponepu 6UKOPUCOEYIOMbCs
PA30M 3 0QMYUKAMY MA UKOHASYUMU MexaHizsmamu. Mema nonseae y nposedenni mpeHinzy 3 pooomu 3 0amuukamu ma eu-
KOHAGUUMU MEXAHIZMAMU OJiA CNEOPEHHS 3A6ePULEH020 NPOEKMY, NOOIOHO20 MOMY, AKUL NOMPIOeH 6 NPOMUCTIOBOCI.

Amnaniz ocmannix docnioxcens i nyonikayiii. Hasuanohuii cmeno 0036015€ 3p0Oumu anapamue MOOeI08aHHs. CUCEMU
YIPABNIHHA, alle MAKOAC 8AXCIUBO 3ACIMOCO8YBAMU 1020 PA30M 3 IHWUMU peanbHuMy Yyacmunamu. Haoseuuaiino neobxionui
NnpaxmuyHuti 00C8i0 CiTbHO20 GUKOPUCIIAHHA 8CIX KOMNOHEeHMIS. [leaKi epekmu, AKi HEMONCIUBO 3MOOENI08AMU GIPMYAILHO,
maroms 6ymu onpaybo8ani MoIOOUUMU CTYOEHMAMU Y 2ATY3i MeXAMPOHIKU.

Buoinennsa neoocnioxycenux wacmun 3a2anvHoi npoonemu. Illumanms mepesxicesoi Cmpykmypu npozpamo8aHux 102i4Hux
KOHmpoepis, mMepedic OamuuKie ma 6UKOHAGUUX MeXaHizMie He 00cniodceHi, momy Ha YoMy Oyoe 30cepeddicene Hacmynme
00CI0HCEHHSL.
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Ilocmanoeka 3asdannus. Ocrosna mema noas2ac y CMEOPeHHi KOMRAKMHO20 NPUCIPOIO 3 PeaNbHUMU MOOeAMU BUKO-
HABYUX MeXAHIZMI6 ma 0amuuKie 0k HABUAKHS POOOMI 3 NPOSPAMOBAHUM OSTUHUM KOHMPOIEPOM MAUOYMHIX PO3DOOHUKIE
0ooamkig. Taxi peanvhi 06 ’ckmu, 5K 6UKOHAGHT MEXAHI3MU MA OAMYUKU, MAIOMb 6a2amo e1acmueocmeii ma eqexmis, sKi
mpeba nepegipumu excnepumenmanvho. Icnyiomes npobremu i3 wiyMom y CUSHANAX, 2ICMEepPe3UcoM, MepmMEUMU 30HaAMU, HACU-
uenHsm, mopmom, eppexmamu dedpopmayii, epekmamu mepmsi, meniogumu epexmamu mowo. Bniue yux egpexmise na cu-
cmeMu KepyBaHHs MONHCHA OOCTIOUMU 3a OONOMO2010 eKCHEePUMEHMANLHUX POOIM.

Buknao ocnosnozo mamepiany. Hawi mpenysanvui cmenou micmsame sinoni DIN-peiiku 015 000amkogux Mooyuie, sKi
ModIcHa dydice ecko ma weuoko ecmanogumu. Cucmema DIN-petiok uacmo 6ukopucmosyemucs i 8 RPOMUCIOBUX CINENANCAX.
Kooiwcen 0o0amrosuti MoOynb Mae 61acHuUll 28UHMOBULL PO3 €M Ol NIOKTIOUEHHSL 00 0JiCePena HCUBNEHHS MAa NIOKIIOYEHHS 00
NnpoSpamoBanUX 102i4HUX KOHMPOepis.

Bucnogku 6ionogiono oo cmammi. I'on06null 6HecoK noaseac 8 MoMy, Wo CMYyOeHmu O3HAUOMAAMbCA HA NPAKMUYi 3
peansHuMu cucmemamy 3 npoepamoSanUMy N02IYHUMU KOHMPONepamu, 3 0amyuKamu ma 6UKOHAGUUMU MexaHizmamu. Yci
meopemuyni 3HAHHA MOJICHA eKCNEPUMEHMANbHO Nepegipumu Ha Yux cmeHoax, OCHAUeHUx 000amkoUMU MOOYIIAMU 3 0am-
YUKAMU MA GUKOHAGUUMU MEXAHIZMAMU.

Knrouogi cnoea: npocpamosanuii 102iuHuLi KOHMponep,; KepyeanHs, anapamme 3aoe3nedents,; Oamuux, 6UKOHAGHT MeXaHi3MU.
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