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Abstract: The aim of this article is to present an educatiomodel of the process of teaching students ifestdbfocused
on the use of compressed air in automated indusp&rations. The starting point is the existinghowercially available
training platform kit, the use of which provideethasis for developing the student training modstdbed in the article.
The article further discusses the training needallirmethods of controlling pneumatic circuits gioduses on the
possibility of building an independent training Wplace based on the electropneumatic base of tgaeents used.
The article describes several stages of the cahstarproved educational platform, also with thentrtoution of student
involvement in this activity. The conclusions okthrticle offer further guidance in the gradual ptetion of the

educational model focused mainly on the practicihing of graduates resulting in the ability t@pend to market
challenges after completing their university stadieour faculty.

1 Introduction

The operations of current companies operate abwsri
levels of automation, therefore they increasingguire
well-founded and professionally trained personral f
operation, maintenance, and possibly also for &siga or
construction of automated equipment. Production
automation is still massively based on the use of
components using compressed air as an energy raal sig
source. Therefore, forms of personnel training are
increasingly oriented towards methods of traininghe
field of compressed air. This trend is also followey the
currently strongly preferred form of dual education
secondary schools. Theoretical mastery of the issue
beginning to appear insufficient for the direct ldgment
of graduates of technical schools into practices ©hly
viable path is education in the form of laboratexgrcises
and practical training of routine activities of due
technicians in automated operations.

AW TN
Figure 1 PNEUTRAINER 200. Sources: left: [3]; rigauthor's
archive

The disadvantage of this system for practicingtrat
skills in connecting pneumatic circuits is the fduat it
allows work only in the mechanical, manual and pnetic
control modes. This method of using the systemaset
on the method of controlling the valves used in khg

However, there is no need to tell yourself thahiecal Figure 2.

higher education does not have to follow this trend 1 manual control
] ) L 2 mechanical contral
1.1 Basisfor the educational training model VALVE
. L. control method 3 air control

The need for practical training of our studentsusdo
gradually build laboratory spaces supporting taming of i 4 electromagnelic conlrol
practical skills needed in practice. Figure 2 Valve control methods

These skills consist of the graduates' abilityespond . . .
to problems that may arise in operation (whether a The method of implementing the education of our

malfunctions or signs of progressive wear and tead)the S udentstV\(/jas I|mttlr?”y deS|g|t1_ed afs a r.?duccf‘;;lahort;ie an
ability to solve or eliminate these problems byedily represented only tné connection of circutts, w N

intervening in the system. solved by the three mentioned methods of contiplifre

An important aspect of our intentions was to preparvalveS used (methods 1 - 3; Figure 2).

our graduates on technical equipment built on re%
components identical to those used in technicaltjpa M ethOdOI ogy ) )

The starting point was the purchase of trainingesab ~ For this method of applying education, some
with the designation PNEUTRAINER Pneu 200 fronfnethodological procedures have been developed that
SMC Corp. (Japan), Figure 1.
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should help the student more quickly orientate bifris

the issue of using the potential of the buildingused. In parallel, a series of lectures is being heldtia
Despite the incompleteness of the possibilitiesoier ~ described model, containing the theoretical basiessary

the entire spectrum of control elements used iupragic ~ for understanding the connections valid for theupnatic

systems, the described methodology (after masterigijcuit. These lectures are supplemented with
pneumatic symbols and practicing "reading”" pnewnatdemonstrations of representatives of individuatgaties
diagrams by students) provides the following pdksés:  of pneumatic components.

1. Connecting a pneumatic circuit according to the During the implementation of this model, it was
wiring diagram. Students have a total of 40 wiringdiscovered that the practice also requires traiimirige use
diagrams of varying difficulty available and havet of electro-pneumatic components for its needs. tRisr
opportunity to try each one. In the overall evahmabf —purpose, the existing set and its methodologiahitng
some courses, this procedure is also used forapartinodel were unusable.
evaluation of the student (the student draws a Two options were considered in the search for a
connection scheme number and is evaluated baseds@tution:
the submitted performance during its connectiorf). (L. Purchase electro-pneumatic components and the
course, before connecting the relevant wiring diegr control superstructure of the existing kit from the
the student must demonstrate his knowledge by supplier of the basic kit (ultimately, this solutiovas
“reading” the diagram in front of the teacher rejected due to the amount of necessary initial
(describing what will happen after connecting and investments).

activating the circuit). 2. Develop a separate model training workplace that
2. Drawing a circuit diagram of a circuit connected by would offer even greater freedom in implementing

the teacher. The students are tasked with drawing a student training.

circuit diagram of a circuit prepared (connectegjte Option 2 was accepted as feasible and was developed

teacher. The drawn circuit diagram is compared withs part of the diploma project of a student atiostitute

the existing diagram by the teacher. [1], Figure 4.

3. Finding and eliminating faultsin thecircuit. Students
are given a connected circuit and a correspondin
wiring diagram. The instructor intentionally
“introduces” several anomalies into the circuit,ieth
lead to the circuit not functioning. After readitige
wiring diagram, the student has the task of findbug

incorrect manifestations of the “faulty” circuit,

eliminating individual shortcomings in the wiring.

This training model has proven its worth in pragtic
and its suitability has been confirmed by the &attton of
the participants from practice who attended ounitng
courses.

A simple "navigation" system for searching for the
necessary components in the kit was used with @iyms
response from students, Figure 3.
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Figure 3 Methodological model for component search

B
" Location The workstation (trainer) provides opportunities to
understand the methods of controlling pneumaticudis
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solved by electropneumatic control of control elatee output signals needed for a specific task on thié'sun
(monostable and bistable electropneumatic valvdésrminal block.
organized in the form of valve islands: a total7ofalve Students in practical seminars also have the oppityt
islands with different numbers of valves used - mx to solve the assigned task in the form of a depigposal
valves in combination of 5/2 bistable and 5/3 valwéth a  with its physical implementation, Figure 6.
closed center position) with actuators whose exrem
positions are provided with appropriate sensorpgant :
(electronic/reed magnetic Sensors, mechanical | -
microswitches, diffusion sensors). g
A simple binary operating control unit (SIEMENS
LOGO!), Figure 5, is available, enabling the sauntiof
assigned tasks in controlling the activities obtalt of 12
separate workplaces with varying degrees of diltfjcu
(from simple movement between the extreme positafns
one drive, through the solution of sequential moeets of
a pair of drives to the solution of movements o&lettro-
pneumatic mechanism).
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echanism

Figure 6 shows a winch mechanism equipped with a
single-acting pneumatic drive, operating on thagple of
a free-wheel bearing and a rack-pinion transforomgpiair
The control unit is designed to be ready for chaggi as the output of solving a task by students of our
the controlled mechanism so that individual inpatel department within the subject Teamwork.
outputs are solved via connector fields (3-pin ifgout The entire educational model was tested as pateof
signals from sensors, 2-pin for outputs). In additto teaching for its suitability for off-line use arferefore its
simpler configuration of inputs/outputs for newksishey suitability for application in the form of e-leang [2],
prevent the control unit (PLC) from being damaged bFigure 7.
repeatedly screwing the wires providing the inpot a

Figure 5 SIEMENS LOGO! PLC modified for use oncérter

TRAINING PROCESS
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Figure 7 Model of incorporating a methodological aebinto an e-learning form of training
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3 Reaultsand discussion

process, but also increased interest in information

The described educational model is in constafigarding the use of pneumatic systems in technical
development, but the current state fully meetsreds of Practice.

teaching at our workplace. The solution in the dbsed

There is also feedback regarding successfully diefén

setting was positively received by students and ynafachelor's and master's theses, as well as othjects (the

praised the opportunity to solve some tasks inaatjwal

AVENTICS/EMERSON Pneumobile project) in which our

form. We also received a positive response aftétudents have been and are involved.

completing the training of operators and mainteraoic

several companies operating in the KoSice area.

We believe that with the above-mentioned
reconstruction we will reach an even higher levadl,a

Currently, the system for training in the field ofabove all, the compaction of the hitherto considlgraon-

electropneumatics is being upgraded to a highesiomiof

compact system into a connected whole with sigguifily

PLC control (the original LOGO! PLC in version 0BA$ higher possibilities of use.
being replaced with the latest version LOGO! 8.4),

Figure 8.

| |\ '_: g
Figure 8 PLC control unit with expansion moduleSIEMENS
LOGO! v. 8.4 version

This will increase the possibility of integratedntm!
from one central PC at multiple workstations witkie
laboratory. This will significantly expand the pimkties

of using the current potential of the laboratoegjsipment.

4 Conclusions
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