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TEACHING METHODOLOGY FOR ELECTRO-PNEUMATIC SYSTEMS
MODIFIED BY PANDEMIC SITUATION

The article describes the modification of the established form of the teaching process dedicated to fluid mechanisms and
the control of such mechanisms. It deals with the methodology of preparation and implementation of teaching units in the past
performed as practical exercises. By modifying it, it was possible to provide teaching units in the form of Internet transmission
via the Microsoft application environment so that students could gain practical experience despite the fact that they completed
the teaching in the distance form. In the end, the problems that will need to be solved in the future are outlined, and the trend
that we would like to continue is outlined either.

The article is a publication of methodical character.
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Urgency of the research. The situation caused by the coronavirus pandemic "expelled"
university students from classrooms and laboratories. This natural environment for knowledge
transfer has been replaced by a virtual environment of computer applications enabling distance
learning. However, this form strongly disrupted the possibilities of practical training of our
students. It was necessary to find suitable forms to at least partially preserve the original
possibilities provided by the equipment of our laboratories.

Target setting, actual researches and issues analysis. Such an experiment took place in
the teaching of some subjects focused on automation in combination with pneumatic drives and
electropneumatic control elements. The original concept described [2] had to be replaced by a
modification that would allow remote access to the student in solving the assigned task. We
returned to the methodology, the concept of which was proposed [1], but due to shortcomings
in the technical equipment and in the possibility of testing, it was not implemented. It consisted
of connecting the teaching space (e.g. laboratory) with the student in the form of network

transmission (Fig. 1).
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Fig. 1. Model of remote access within education

A continuously modified simulator was available, which was made back in 2018 by our
graduate [3] as a diploma project (Fig. 2).
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Fig. 2. Training stand
A Full HD WEB camera (Ausdom AW615) was purchased from the institute's funds (Fig. 3).
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Fig. 3. WEB camera set to capture the workplace

The statement of basic materials. The events on the stand mediated by capturing the
situation with a WEB camera were captured via the licensed Microsoft TEAMs platform.

During the lessons, the students had information approximately as shown in Fig. 4.
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Fig. 4. Microsoft TEAMs application environment
Despite the imperfections of image transmission caused by the insufficient permeability of
the Internet, students were able to watch what was happening in real time in the area of the training
workplace. As the teaching units implemented in such an arrangement met with a positive
response, we decided to continue the project. We re-arranged the simulator environment and
supplemented it with a suitable description of individual "workplaces" (Table 1).
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Table 1 — Workplaces and their components

Name of workplace

Used components and their manufacturers

The mechanism of three degrees of
freedom

JA20-8-125

I1x CYLINDER SMC CD85N20-100-B + FLOATING JOINT

1x GRIPPER phd 19012-5-5002
1x SLIDE SMC MXH10-15

1x SLIDE phd SA047X50 106
1x CLAMP SMC MXB12-10R

Mechanism (originally) for
SIEMENS S7

JA

I1x CYLINDER SMC CD85N20-100-B + FLOATING JOINT
20-8-125

1x SMC PRECISION SLIDE MXS16-75AS

1x SMC VANE ROTARY MOTOR MDSUB20-180S1

I1x SMC EJECTOR

1x VACUUM SWITCH SMC ZSE1-00-55L

2x CYLINDER HOERBIGER RD 1025/100

Cylinder with continuous piston rod

1x CYLINDER SMC CP96SDB40-150W

Mechanism with trapezoidal screw

1x SLIDE SMC MGPM25TF-100Z
1x SLIDE phd
1x GRIPPER SMC MHQJ2-16D

BOSCH-Rexroth workplace

2x CYLINDER Rexroth 0822349002 20718 925, H: 50

Mechanism with a suction cup

1x SMC MY1B16G-100
1x SUCTION CUP SMC

Component separator

ODDELOVAC SUCIASTOK SMC MIV12-12D

Cylinder with brake

COMPAST CYLINDER with BRAKE RDLQB40-100--M9B

LR

Traffic light - working with lights

4-farebny ,,semafor*

10.

Lifting mechanism (2 cylinders:
stroke + stopper)

Ix mini CYLINDER AiR AURRi (SMC type) CDJ2-16-150
I1x CYLINDER SMC CQ2B25-10D

This report (Table 1) is supplemented by the following documents:

M

Task entry sheet, fig. 5

Description of individual components;

Designation of individual signal elements and assignment of input addresses in the PLC;
Assignment of control elements (selectable) to PLC outputs

Datasheets of a specific actuator or valve;

., ACTUATOR
Bk 5-A-1

ACTUATOR
5-A-2_

Fig. 5. Schematic representation of the task assignment

The components available on the training table are products from various manufacturers
(SMC, HOERBIGER, MECMAN, Rexroth, phd Inc. etc.). The task of Fig. 5 is realized by a
pair of drives Rexroth 0822349002 20718 925, H: 50 (Fig. 6).
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VFoues 24 5
Fig. 6. BOSCH-Rexroth workplace (point 5 of table 1)

The individual cylinders had to be appropriately named (cylinder 5 — A — 1, cylinder 5 — A
— 2) so that they could be easily and unambiguously identifiable both in the task assignment
process and during the video transmission itself. The same had to be done with the
electropneumatic control elements (valves 1.6 and 1.1 on the valve island 1-V-6).

As part of the solution and with the accompanying commentary of the teacher, according to
the assignment, students had to develop a management program to ensure the functions and
activities of the "workplace".

Since the system SIEMENS LOGO! 0BA6 in special modification [3] (Fig. 7) is applied as
a managing controller, students can download and install a demo version of the LOGO! Soft
Control programming environment free of charge from the manufacturer's website of this
controller and with the help of the manual and the teacher's explanation will create a solution
program. They upload it to the specified folder in the MS TEAMs environment, from where the
teacher uploads it to the controller unit. The student monitors the behavior of their own program
via video transmission and evaluates its functionality together with the teacher. If necessary,
the teacher provides an explanation of the improper behavior of the program.
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Fig. 7. SIEMENS LOGO! controller in special modification

There are also other separate mechanisms controlled via PLC SIEMENS LOGO!:
2° mechanism with gripper and parts magazine

The "Flying Ball" mechanism

4-finger hand mechanism

Mechanism with CD carriers

Mechanism with 3° freedom

Mechanism with magnetic gripper

Table tennis ball "launcher"

NNk L=
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It is obvious that all modifications in the layout of the training table will be applicable in
the full-time form of teaching directly in the laboratory after the end of the restrictions caused
by the pandemic.

Conclusion. The mentioned modification of the methodical teaching procedure in the
Laboratory of Pneumatic Mechanisms is constantly in the process of construction. In the future
(depending on financial possibilities), we would like to expand this simulator with other models
of workplaces, but also to create a variant training solution with several types of controllers.
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METOJIUKA BUBYEHHS EJIEKTPOITHEBMATUYHUX CUCTEM,
MOJUPIKOBAHA TAHAEMIYHOIO CUTYALIECIO

Y ecmammi npeocmasneno moougixosanuil eapianm HaguanbHO20 POOOHUO2O MiCYs 3 YPAXYBAHHAM NPOMUENiOeMiUHUX
obmedicens 8 ymosax nanoemii kopouagipycroi inghexyii COVID19. Akmyanvnicms po3pooKu IpyHmyemvcsa Ha momy, wo na-
HOeMmiuna cumyayis danexa 6io 3asepuenus. Hvosipno, nonepedy we Kinvka xéuns, y X00i akux yeii npoexm 6yode 3adianuil.

Y ecmammi onucana memoouuna npoyedypa supiuienna «naHoemMiuHo20y» 8apianma HA84aIbHO20 POOOH020 Micys 3 ele-
KMpONHesMamuyHuMu KOMNOHEeHMamu, AKUI paniuie 8dice yCRiuiHo 8UKOPUCTNOBYBABCA.

Ananiz ocmannix docniodcens i nybnikayii nokasas, wo xoua oKpemi UpOOHUKY NHEBMAMUYHUX KOMHOHEHMI8 00CTi-
021CyI0mMb Ye NUMAHHSA, OCHOBHA Y8az2a NPUOINAEMbCs Oi3Hecy, a He NPaKmuyHil, opicHmosaniii na cnodicugaya cghepi 3acmo-
cyeants. 3a80auHAM pobomu € He OOCKOHANbLHA 0emanizayiss KOHCMPYKMUSHO20 pilieHHs, a ecKi3HUll NPOEKM i3 0eMOHCIpa-
yieto tioco moocnusocmeil. Ocnosna mema cmammi — Haoamu iH@opmayito npo me, AK 3abe3nevyumu HAOYmMms NPAKMULHUX
HABUYOK 8 YMOBAX OUCIAHYIIHO20 HABYAHHSL.

Onucane mexuiune piwieHHs i MEMoOuKa npogedeHHs NPAKMUYHUX 3aHAMb Y Yitl 2ay3i 8 YMOBAX KAPAHMUHHUX 0OMe-
JiceHb HA0aoymuv MemoouyHe KepisHuymeo Ons CMEopeHHs NOOIOHUX OCEIMHIX YOOCKOHANEHUX pilietb, MUM CamMum 00noma-
2arouu nidguuumu AKicms nid20mMo6KU H08020 NOKONIHHS IHIICEHEPI8 8 YMOBAX MPUBAIouoi naHoeMmii.

TIpedcmasnena @ pobomi MoOugikoeana MemoouKa BUSHEeHHs. eneMeHmi6 eneKmponHesMamuyHUX CUCeM 8 1abopamopii nte-
BMAMUYHUX MEXAHI3MIB NOCMIlIHO nepebysae 8 cmadii po3podxu. Y maibymuvomy (8 3anesicHocmi 8io iiHancosux ModlcIugocmeri)
CMABUMbCS 30 MEMY POSUUPEHHS MOANCTUBOCTEN YbO20 MpeHadicepd, OONOGHIONUU 1020 THUUMU MOOesIMU pobouux Mmicyb. Takodic
nepeobaieno MOUCTUBICIb CINBOPENHS 8APIAHMA HABHYATLHO20 PODOHO20 MICYs 3 OEKiIbKOMA MUNAMU KOHMPOLEpIs.

Cmamms € nybnikayieto MemoouuHo2o xapaxmepy.

Kniouosi cnosa: memoouxa, Haguanus, eieKmponHesMamuxa, KOHMpoib, KOHMPoOaep, NPOSPAMYBAaHHs; MOOUpikayis.
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