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VIRTUAL LABORATORIESIN THE TEACHING OF
MECHANICAL TECHNOLOGY

Abstract: The aim of this article is to familiarise the readwith the issue of virtual laboratories and to
demonstrate their possible use on a concrete eraifipils example deals with the use of virtual labaries in the
teaching of mechanical engineering in high schaals$ universities. The Covid-19 pandemic has lesignificant
changes in the teaching process and its organisatidhis period, teaching usually took place wajiwhich was
implemented using resources such as Google ClassmoMS Teams. This article presents a sample task
a project on which students of the second and yeat of study at a secondary technical schoolaneing.
The project has an interdisciplinary character,abbse during its implementation students apply amthér
develop skills and knowledge from several subjectsnely physics, mechanics, chemistry and CAD desig
The project is dedicated to the design of a pudkesting for a steel rope.
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I ntroduction

This article deals with the use of virtual labor&s in the teaching of mechanical
engineering in high schools and universities. Theid-19 pandemic has led to significant
changes in the teaching process and its organisabaring this period, teaching was
usually conducted online, which was implementedgisiommunication platforms such as
Google Classroom, MS Teams and others [1-7]. Ttiisl@ deals with the use of virtual
laboratories in the teaching of mechanical engingein high schools and universities.
Teaching science and technology usually requirdmr&ory work. In many ways,
engineering is based on the application of knowdefigm subjects such as physics.
Technical education requires not only laboratoryrkywobut also workshop training.
The proportion of workshop or laboratory work var@epending on the type of technical
education the student attends. In the Czech Reapuib types of secondary vocational
schools can be distinguished in principle: secondacational schools whose graduates
can work as technicians, and schools that prepapéspprimarily for the performance in
blue-collar professions [8, 9]. The content of etion at secondary schools with
a matriculation exam provides the student withth# knowledge necessary for further
study of the field at a technical college. Study@ig secondary school of this type usually
lasts four years. The second type are secondargtivoal schools (abbreviated SOU),
which we meet in the Czech Republic. Students dtthis type of school for three years.
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Studies at a secondary vocational school are cdetpley an apprenticeship exam.
Graduates of this school cannot continue theiristudt a university. The study plan at
these schools is significantly dominated by prattitraining in workshop activities.
Practical workshop activity represents fifty percehthe teaching time in the study plan.
This study plan is organised as follows, the teaghs$ divided so that one-week students
are educated in theoretical subjects in the classrand then one week in the practical
workshop.
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Fig. 1. Structure of Czech educational system

This division of types of high school programs &rw old and corresponds to the
middle of the twentieth century. The need for aggéarnumber of moderately qualified
professionals in addition to the passage of tim¢htoemergence of fields of study with
a high school diploma and high school diploma esitams - maturita exam extension.
The first of these high schools’ program is struetuidentically as three-year courses
(i.e. one week of theoretical training in schootlame week of practical training in the
workshop for the entire period of study), but theation is four years and the study ends
with a high school diploma. The second type of gtpdogram represents a two-year
theoretical preparation after a successfully coteglethree-year secondary vocational
school. Graduates of both types of study prograrsisdescribed can continue their studies
at university. Both programs end with a school-lag\examination, but it should be added
that, compared to standard four-year study progragreduates of these fields achieve
worse results at universities. This is mainly daéansufficient training in basic scientific
disciplines such as mathematics, physics or chemitt graduates of these two study
programs continue their studies at a universitgythave about twice the failure rate of
studies than graduates of a secondary industrifbadc This fact is caused by
a significantly lower level of theoretical trainirg graduates of these fields, which in turn
is due to a lower hourly allowance for these suljeStudents in these degree programs
complete, for example, only 60 % of math lessonsmygared to high school students
(students of secondary industrial school). In additto the secondary schools already
described, there are also so-called vocational dsh@dborne uceliste OU, the word
secondary has now been omitted in their title),clwtdpprentices attend only for two years.
Pupils with significantly below-average study reéswattend these schools. One of the often-
cited shortcomings of the Czech education systertie disproportionately high number of
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pupils from ethnic minorities at these schools. Due the greater clarity of our
interpretation, we decided to display the struchfrthe Czech secondary education system
graphically - see Figure 1. Although we have onlgntioned technical secondary schools
here, it is necessary to say that schools wittffardnt curriculum (curriculum based in the
fields of services, economics and trade or agucejthave a similar structure.

The issue of teaching technical disciplines or liéar on technical school is closely
related to one of the modern concepts often digcussthe literature in modern pedagogy.
This term is the so-called STEM education [10-M2E will address this issue in the next
section.

Concept of STEM education

Currently, we can find many definitions in the la&ure, which often differ, not only in
details [13-17]. In general, we can define STEM cadion as education that develops
students’ knowledge not only in fields such as ptsyamathematics and technical sciences,
but also arouses interest in these fields and eaattldents to creatively use the acquired
knowledge and skills in their future employment. Wi list a few of them here and try to
describe the most important features of STEM edcaFor example, Sander in 2009 and
a quartet of authors consisting of Bozkurt, Ucauydk and Idin in 2019 described STEM
education as a teaching and learning method thagrates the content and skills of
science, technology, engineering and mathematitisigaas an input [18, 19].

According to the book "The Language of Science Btdan - An Expanded Glossary
of Key Terms and Concepts in Science Teaching arairling" by William F. McComas,
one of the most widely used definitions of STEM eation comes from Tsupros [20].
Tsupros described STEM education as "an interdiseify approach to learning where
rigorous academic concepts are connected to reddtuassons as students apply science,
technology, engineering and mathematics in a conteat creates connections between
school, community, work and global enterprise, \Wwhémables the development of STEM
literacy and, with it, the ability to compete inetmew economy”. In the literature, we
currently encounter many other definitions, whidhge to the limitations of this text, will
not be presented here, see for example [21-23].cWeently come across many other
definitions in the literature, which we will notgaent here due to the limitations of this
text. In general, governments now place considerabhphasis on STEM education and
believe that there is a need to provide enougheskacientists and technicians to develop
the domestic economy.

It must be said that while the concept of STEMdktively new, the governments’
interest in improving the teaching of technical aetence subjects and the effort to arouse
pupils’ interest in these fields is not new. Inttrm this area is usually driven by economic
or other problems that governments face. In thiedastury, for example, a major impetus
for the United States government’s interest indhigject was the fact that a rival power had
previously managed to put a satellite into orkitgdes without saying that a topic often
discussed in pedagogy, such as STEM education,naésis with criticism, probably the
most significant work criticising the concept of uedtion is contained in the work
"The myth of the lack of science and technologyithared by the famous demographer
Michael S. Teitelbaum, senior researcher in th@gRmm on Work and Working Life" at
Harvard Law School. For example, critics of the $TE&ducation concept point to the fact
that in the United States, only about a quarteBBEM graduates work in STEM fields,
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while less than half of STEM workers have a STEMrde [24, 25]. Which means, for
example, that most graduates work in other fieldss is due to a combination of factors
such as automation and the transition to a seedoaomy. On the other hand, in emerging
economies (such as East Asian nations), the needTfBM graduates is indeed very high.
This article is specifically devoted to the usewrtual laboratories in the teaching of
engineering technology, which reminds us of the phietters T and E from the acronym
STEM. While authors dealing with STEM educationikeftechnology as a process in
which the natural is modified to suit human desard needs, we will understand the term
technology in our text much more narrowly, that figm the point of view of the
technicians whose education this article is devatedrhe concept of engineering in the
theory of education can be defined as a profeseiarhich the knowledge of mathematical
and natural sciences improves the ways of econasgcof materials and forces of nature
for the benefit of the entry of mankind [26]. Enggming technology is essentially the
application of engineering principles and technaab developments to create useful
products and manufacturing machines. Thus, in tibgest of technology, students become
familiar with the issues of production, productiprocedures and individual technologies
such as forming, casting, and machining. Howeueg, necessary condition of practical
training in workshops does not mean that graduatesprepared for manual work in
production. It is supposed to be medium-sized tieethmvorkers who are supposed to, for
example, prepare production processes, designespgpose products intended for
production, such as dies for closed fittings, #tes therefore a discipline in which there is
a wide spectrum of knowledge, where other fieldshsas mechanics, physics, geometry,
mathematics. This interdisciplinary nature of tieddf, along with its constant development,
requires a high degree of creativity and learnifgity from graduates. In addition,
computer science is currently widely used in theegifield, where students get to know the
issues of numerically controlled machine tools @ @rinting. Computer graphics are
necessary not only for the creation of technicatuteentation, but also for computer-
assisted machining.

I ssues of online teaching and applied teaching methods

The global pandemic has also caused significanblenes in education. A large
number of schools around the world were closedflang time, and in the Czech Republic
pupils and students were forced to complete a twitdhree semesters in a locked state.
The period of long-term blocking forced radical ebes in the teaching process and the
transition to online teaching, e-learning, etc. ldger, there are courses in which students
learn practical activities, and these courses arehnharder to replace with online teaching
than in the case of a more theoretically orientaloject. A typical example is courses or
lessons that are based on the work of studenéboratories.

These laboratories often use measuring devicested materials that students do not
have at home, whether for economic, safety or ath&sons. Typical examples are physical
and technical laboratories, such as materialsngsguipment, tensile testing machines.
Considering the importance of practical experieimcprofessional training, it is generally
not desirable to give up teaching in laboratori®esople working in education therefore had
to look for suitable ways of organising laborattegching [1, 3, 9].

The concepts on which virtual labs are based vesgtly from case to case. Also, the
way students work with these different types otuat labs varies significantly. Some
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teachers have implemented a complete transitioirtiaal platforms, both commercial and
developed directly for teachers for their own lessowhich has been a common
phenomenon among university teachers [3, 27-29].

The simplest laboratories essentially use only filootage or animation of the
phenomenon being studied. In the case of theselesilaps, neither the student nor the
teacher can in any way enter the action on theeacemd change the outcome of the
experiment. Very often, virtual laboratories aredzhon platforms that allow the student to
choose the input parameters and thereby influeheerdsults of the experiment. In this
case, the animation will show the course of theegrpent and its result. A very typical
example of such a virtual experiment in physicéhis oblique throw. The student enters
parameters such as initial speed and flight divectiefined by an angle, and the simulation
shows the result in the form of flight trajectorgdaimpact coordinates. Such a virtual
laboratory can, for example, offer the results lnik texperiment without the effect of
environmental drag (which high school students caloulate analytically by solving the
equations of motion) and the results obtained a#iking into account the aerodynamic
drag of the environment (which students cannotutate). The student can then be given
the task of compiling a table in which he will estite the effect of different projectile
shapes. Students can familiarise themselves wéiimaarly designed virtual laboratory in
optics by studying the reflection and refractionlight rays. In this case, the student can,
for example, choose the direction of the light belaitting the mirror surface, and the
program will show the direction of the reflectechbein the resulting animation. It would
be similar in the case of refraction of light whemay passes through the interface of two
optically different media. In this way, studentsicgtudy the basic laws of optics such as
Snell’s law in online classes.

Some virtual laboratories are even more sophistitand allow, for example, to
assemble a virtual electrical circuit from varicz@mponents. So that students can watch
flow of electric current through components in ttiecuit such as electrical resistors,
switches, light bulbs, various diodes or appliarmesh as electric motors or power supplies
and determine the voltage on the individual elesefithe circuit using virtual voltmeters.
Students can then compare the results obtainetidilydwn calculation on paper with the
results obtained in a virtual laboratory. The disa virtual experiment is a suitable
supplement to teaching which the teacher wantsqaaint with Kirchhoff's laws.

Although these virtual laboratories are often veophisticated, they are not able to
fully replace students’ laboratory work, especiafiythe case of higher forms of study such
as technical oriented educational institutions,clvhplace great emphasis on the practical
part of teaching. This is the reason why some &achave tried to implement experiments
in their teaching, which students could carry aubh@me, using both commonly available
tools and more sophisticated experiments with eetbequipment. It should be added that
it is of course appropriate to design home expeantmér primary school students. But care
must be taken to ensure that these tasks do notrgea task for parents instead of pupils,
which is also not uncommon.

Homework experiments designed for students mawde;l for example, experiments
on Archimedes’ law in the case of primary schoagpifpuand experiments devout to the
periodic motion in the case of high school or fiear college students. An example
of a very popular experiment is, for example, teeednination of the value of gravitational
acceleration based on the study of the motion m&thematical pendulum. In this section,
we have described as examples the most commomahiataoratories we have encountered,
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but these virtual experiments are used in the tagobf physics and not in the subject of
interest of this article, namely in mechanical eegring technology. The use of virtual
laboratories in the teaching of mechanical engingetechnology will be described
in a separate section.

The aim of this work was to carry out research,dhme of which was to describe the
procedures chosen by individual schools to implanneore practically oriented teaching,
which requires students to work in laboratories adkshops. Another goal was to assess
the effectiveness of individual approaches to legrrand its organisation during the
pandemic lockdown period. This part of the reseamhs implemented using
guestionnaires.

When assessing the effectiveness of individual odshit is important to quantify the
results. This part of the research was implement@dg questionnaires. The qualitative
part of the research included interviews with indiial teachers.

One of the authors of this research also persornalighes mechanical laboratories
both at the high school and at the university. K® @repared and implemented virtual
laboratories for teaching engineering technologg tathnical physics. Students’ work in
laboratories is closely related to the pedagogmatcept known in the literature as
"experimental learning" [30-32]. The educationalq@ss conceived in this way enables the
use of other tools known from teaching methods sash'Project based learning" or
"Design based learning" [33-36], and at the samme tthere are elements known from
teaching based on the use of information techngleggh as "Blended learning" [35, 37].
We will now briefly look at how these teaching nedk are characterised. These methods
will be described in the following sections of thist.

Experimental learning

This method known as "Experimental Learning" candeéned as learning through
experience and in the literature, it is narrowlfimkd as "learning through reflection on
doing" [38-40]. It is already clear from its nantt this method could be combined with
laboratory work of students, but experimental leggris in fact a much broader concept.
Practically all learning not only from humans bilgcafrom animals is in fact linked to
everyday life experience. To be precise, this teachoncept is not only related to online
learning, on the contrary, it applies to all teaghand is much older than the use of ICT in
education, but we mention it here because of i&iomship to laboratory and workshop
teaching.

Nevertheless, this point of view on the problentas broad for our purposes, and
would be more appropriate to return to a narrowar auch more practical definition.
The concept of “Experimental Learning” is related but not synonymous with, other
forms of active learning such as "Action LearningAdventure Learning", "Free-choice
Learning", "Cooperative Learning", "Service Leagiinand "Situated Learning" [31, 32,
39, 40]. It is necessary to mention, that expertalerarning is both conducted outside of
school and in a school building while experimemgilication is specifically linked directly
with carried out school activities. This fact is@levident from the previous mention of
learning based on everyday experience in the puewsection. Feedback or reflection is an
important condition for this method to become trdifective. The very concept of
"Experimental learning” comes from Hahn and Dewg&lge methodologies reflected in
experiential education have evolved since the tiofietheir originators. Concept of
"Experimental learning" is based on set of gena@salmptions precisely defined by the trio
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of authors at whose head was Walker [41]. If we Witalker's work published in the early
1990s, these assumptions will be:
1) Experience is the foundation of, and the stimuduwddarning;
2) Learners actively construct their own experience;
3) Learning is a holistic process;
4) Learning is socially and culturally constructed,;
5) Learning is influenced by socio-emotional contexwhich it occurs.

Now that we have become familiar with the term "&stmental learning”, we can look
at the method known as "Design based learning"th@delated concept of "Project based
learning" [42].

Problem based learning

Originally, the term "Problem based learning" wakated to the training of medics,
but gradually spread to all areas of education. aime of this method is primarily the
development of skills for future student practi¢be role of the tutor is rather supportive
and monitoring. This approach to learning is anngxXa of strongly student-centred
pedagogy. Therefore, it is not the teacher’s jolpass on information to the student, the
role of the tutor is to facilitate learning proces$is learning approach was pioneered by
duo of American physicians Barrows and Tamblyn atdster University in Hamilton in
the 1960s in order to streamline school preparatbrmedicine students. The main
advantages of this approach to teaching are: Eehanalent-centred learning; Upholds
lifelong learning; Prominence on comprehension ffatts; In-depth learning and
constructivist approach; Augments self-learning;tt®e understanding and adeptness;
Reinforces interpersonal skills and teamwork; Sedfivated attitude; Enriches the teacher-
student relationship, Higher level of learning. Nbst the disadvantages of this method
here: Time-consuming; Restrictions arising from ipsipevaluation; High demands of
implementing this approach. In conclusion, thisrapph also served as a basis for further
educational methods, especially for “Design-basedring”, as stated by De Graff [43].

Project based learning and Design based learning

The terms "Design based learning" and "Project ddsarning” are two different
terms, although they are often confused, even éngbecialised pedagogical literature.
We will first look at the definition of "Project bad learning”, which is defined in the
literature as instructional methodology which ereges students and pupils to learn by
applying knowledge and skills through an engagingeéence [33, 34, 44, 45].
"Project-based learning" presents various oppdiesior deeper learning in-context and
for the development of important skills which aredtto and readiness for college study
and future career [33, 46]. On the other hand, Ifebased learning” can be understood as
form of project-based learning [46-50]. The formwhich students learn what they need to
learn in a just-in-time fashion while trying to @@s something [49, 50]. Sometimes in the
literature we can find the name "Learning by desighich is just another term for "Design
based learning", but this name is rarely usedhinitleal situations students and pupils
work in groups, they work on one task for one tw tmonths. These groups activities
devout to solving educational tasks can be undedsts specific educational units for high
school math, physics, chemistry or informatics teahnology classes. Students which are
participating in these activities apply methods ahhare typical for engineering design
processes, so these methods serve as a foundatinmaure for the learning units.
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It is obvious that this structure provides bettegamisational framework of the science
learning that takes place inside the classroomimmmiloves the learning outcomes in the
same way as it would be in design process. On ther diand, it is very difficult if not
downright impossible to organise this course ashieg units in schools which take one or
two months.

In practice, however, from an organisational pointiew, much shorter organisational
units devoted to the work on task are much morenafised than the multi-week blocks just
described. This can often be, for example, all-dolagks dedicated to a given problem that
are repeated every week. This is due to the fadtithorder to implement this form of
teaching, school principals would have to rebuiid entire structure of teaching in their
schools. Thus, forms known from the literature addifferently in many respects to the
conservative environment.

Concept of design-based learning is closely relatethe specific form of thinking
which is called by Razzouk "Design thinking" [5Q]5Alexander is describing "Design
thinking" as thinking with human-centered core [S5Bccording Razzouk, when you
engage design thinking, you're pulling together tihaesirable from a human point of
view, with what is technologically feasible andakconomically viable at the same time
[50].

Softwar e instruments of E-learning

We currently have a number of software tools at disposal, we have already
mentioned Microsoft Teams and Google Classroom.Té&ms, which was the dominant
tool for online learning during the pandemic lockapbin the Czech Republic, was not
developed primarily as a teaching tool, but a foténded as a business communication
platform. It is a platform whose important functimvideo communication. In addition,
this platform allows you to share text materiaisleos, screens, etc. Due to its origin, this
software does not include testing facilities in thesic version. In the period before the
pandemic, Moodle software was used intensively aedb schools. Moodle is used for
blended learning, distance learning, flipping tlessroom, etc. A big advantage of Moodle
is the possibility of creating variable tests amdleating them. Another frequently used
program is Google Classroom, which allows schoolsctteate, distribute, or evaluate
learning materials for free. The primary purposetl# service is file sharing between
student and teacher. Other specialised traininggrpros designed for e-learning are:
Edunext; Pocket study; Extramarks; Merits; ToppicBbo; Eurekos; Clarify; Adobe
e-learning; elLucid [52]. However, the virtual lapsesented in this article are based on
other platforms that were not designed for eduoatiopurposes. In our case, the
TeamViewer cloud platform was used to ensure iotema between students and the
teacher. TeamViewer is used to provide remote adivity and enable secure remote
access to any device, across platforms, from angaylaaytime. SolidWorks and Autodesk
Inventor student licenses were then used to cthateeaching models themselves.

Virtual laboratoriesfor M echanical engineering technology

As already mentioned, engineering technology deils production methods, ie what
procedure | choose to create a product or compomtigh school-educated technicians
typically very often occupy the position of techogist in production, although it is true
that recently, due to the growing number of teytigraduates, we have met in a very close
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position with bachelor's degree holders. Specmlisith a master’'s degree have always
worked as constructors and designers rather thamadogists. At present, graduates of
secondary technical schools most often work asrpromers of CNC machine tools.
As part of the educational process, students dreduced to a general overview, but at
some point, there is a certain specialisation. Elais specialisation is often dependent on
the company with which the school cooperates.

If we look at the structure of teaching the subje€tengineering technology at
secondary industrial schools of mechanical engingerThus, this subject is taught
throughout the four-year study. At the beginningtud first year, students get acquainted
with the basics of materials science and the straatf basic technical materials. This part
of the study is closely connected with the subjeftshemistry and physics. Students must
get acquainted with the phase diagram, Gibbs phake two components system.
Particular emphasis is placed on the Iron-carbdeotic phase diagram and allotropes of
iron. Furthermore, students get acquainted withpiteeluction processes of pig iron, steel
and other materials, the study is based on theicapipin of knowledge from chemistry
because it solves problems for basic chemical imacsuch as decarbonisation, oxidation,
calcination, etc. Due to the limited equipment afdratories, this part of the teaching is
mainly theoretical in nature. It must be said tihés in this part of the study that students
achieve, on average, the worst study results inpeod of four years of studying
mechanical engineering technology.

This phase of teaching is followed by a sectionotied to the mechanical properties of
materials. This part is closely related to the héag of physics. Technical laboratories are
explicitly applied here, the topics covered in thist are tensile test, determination of yield
strength or Charpy impact test.

In the second year, students are typically intredut the technology of casting, hot
forming (i.e. forging and rolling) and finally welty. Within the practical part of the
course, students are engaged in a pair of projdwtsfirst of which is a proposal for the
production process of a product obtained by castimijthe second is devoted to a product
obtained by the technique of die forging. In th#ofwing sections, we will show one of
these models created in a virtual laboratory. nftist semester of the third year, students
typically engage in cold forming and cutting. Thigrt corresponds to a practical exercise
devoted to the design of a cutting device. Forrdst of the study, students then focus on
machining such as turning, milling, drilling, grind and special finishing operations. It is
obvious that here, within the framework of techmgiostudents work both with technical
concepts and with problems from fields such as iobyend chemistry. Each of these study
subjects has quite complex didactics by itself $53- in our case we can focus on, for
example, the propagation of heat m or cooling atings or forgings which is related to
teaching physics. At the same time, the studentsagguainted with the problem of the
chemical composition of forms and chemical reactialuring the processing of metal
melts, which is an area deeply connected to thasaté inorganic chemistry and the
teaching of chemistry at school. For example, tis¢-inentioned process of cooling and the
transport of heat associated with sleep is an@éstarg topic for lessons in primary and
secondary schools [56]. However, when teachingnieeh subjects, we must not forget
about work safety [57], and environmental aspedtgechnological processes, so the
teaching of these problems is also related to enwilental education and ecology [58-60].
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Examples of projectsimplemented in a virtual laboratory

In this part, we will get acquainted with a samialek - a project on which students in
the second and third year of study at a seconéahnical school are working. The project
has an interdisciplinary character, because dutgignplementation students apply and
further develop skills and knowledge from sevemabjscts, namely physics, mechanics,
chemistry and also CAD design. The project is datéit to the design of a pulley casting
for a steel rope. The issue of technologies distls®ere is described in a whole range of
textbooks, while students in the Czech Republickwaith different types of textbooks and
materials created by the teachers themselves &k tosa large extent. Considering that
these texts are in the Czech language and unalatialthe readers of the article, we can
refer to one of the basic textbooks in the Englistyuage, see [61-64].

Cast pulley design

This project is dedicated to casting technologye §bal of the project is to familiarise
students practically with the process of the préidacprocess of a casting obtained by
pouring it into a sand mould. It is important tsaddents working on the design master the
method of choosing the geometry of the mould, wiile geometry is closely related to the
physical characteristics of the solidifying materieherefore, students have to solve several
physics problems on the topic of volumetric shrikaf castings. Furthermore, knowledge
from chemistry is applied during the design, whiehelated to the optimal choice of sand
and binder from which the mould is made. Now wecpseal to the description of the entire
project.

Students first receive an order, i.e. a drawinghef required product, which they
would receive from the design office. The studehtsnselves represent the employees of
the technological office of the foundry. it is appéication of the approaches known as
design-based learning and project-based learnimgveier, students, on the other hand,
since these pedagogical approaches are definedprtiject is preceded by a lecture
dedicated to casting technology, as full self-stushuld not be time-efficient. However,
let's focus on the project itself. In Figure 2 weesa picture of the 3D model and in the
Figure 3 is displayed the technical drawing thatdtudents will receive as an assignment.

Fig. 2. 3D model of a pulley without technologiealditions created in the graphics program SolidWork
as part of the project assignment

Furthermore, the students are prescribed the rabfeoim which the casting will be
made. As we can see in Figure 3, the pulley hasstme thick non-bevelled walls
everywhere. Therefore, the student will first hasemodify the geometry in accordance
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with the rules for the production of castings. Bhedent selects the appropriate wall slopes
from the table. These slopes depend on the dimensibthe product, the type of material
used and the material of the mould (for example §and mould). The design of the shape
of the product from the technological additions &edels can be seen in Figure 4. Now it
is necessary to check the dimensions due to thegehia shrinkage and the appearance of
defects such as macro shrinkage cavity, micropgrdggihich form of micro shrinkage
cavity), cold shut, scab, hot tears, misrun or daledv and microporosity. The control of
the geometry of the mould is realised using a mietmown as the Heuvers’ circle method.
Here, students can practice the basics of geometiy practical case. They can make the
relevant measurements either using a ruler andrgpass on a drawing on paper and scan
the result. Or they can process everything usiggphics program.

dy

T A
| |

d

D
Fig. 3. The technical drawing of the pulley tha gtudents will receive as part of the projectgassient

Fig. 4. Technological drawing of the pulley. Theation of a technological model and its drawing is
already the task of the students, who must degigmogriate technological additions, rounding
and bevelling of the casting of the pulley

This is followed by a numerical check of shrinkagecooling. This allows students to
enter several problem questions to be solved. WEk présent one such here. In the
following image - Figure 5, we see an alternatimeling of the guide groove for the rope
with the edge bent inwards. This edge is to prevkatrope from slipping out due to
vibrations or due to a drop in tension in the ropethis case, the fake core used for
modelling the groove will be partially closed (Fig). Students are tasked with analysing
the behaviour of the secondary core during cootingnore exactly interaction between
secondary core and cast. Furthermore, studentstbaletermine what effect the different
thermal expansion of the metal material from whisé casting is made and the material
from which the core is made has on the internakstin the casting and in the core.
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Fig. 5.

Fig. 6.

The 3D model of cast pulleys with a modifigroove profile. In sketch a) we see a section of
a pulley with a modified, i.e. semi-closed groowdijle in sketch b) the original (semi-circular)
profile of the groove is visible. In the case obfile 8a, the probability of the rope slipping @it

the stop is reduced if we stop tensioning the rapéhis case, however, a higher stress occurs in
the casting material during cooling, and therefmmencreased incidence of casting homogeneity
disorders may occur

Reduction of the length of the circumfer@hgroove on the pulley during cooling. The black
circle drawn with a solid line represents the geaircumference of the cooled casting at
a temperature of 20 °C. We refer to this circuitCasThe circle marked with a red dashed line
represents a groove in a heated oil whose temperatjust below the solidification temperature
of the metal. We refer to this circuit @s. The red arrow then represents the decrease metta
during solidification. Circuit$; andC, will receive a pair of diameters dndd,

When numerically analysing the thermal expansioa bbdy with a hole, it should be
noted that the size of the body increases asdfhible (cavity) were filled with the given

material.

However, the task cannot be calculatea lemgth change in diameter, it must be

calculated as a change in circumference, first aleutate the circumferencg; of the
cooled pulley - not shrunken, or cold false corig.(B). It should also be noted that the
temperature drops during the solidification and licgp of the casting. The relevant
relationships for calculating the circumference diaimeter that express their temperature
dependence are here:

Cl = ﬂdl andCZ = T[dz]_ (1)

There is a drop in temperatuteso the following will apply:

At = tz - tl (2)

Now we calculate the circumferenCeg after cooling the cast pulleys

C,=Ci-(1+alt) =nd, - [1+ a(t, — t,)] 3)
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here it must be said that in our case it is a ogobf the casting and therefore the
temperature differencdt is a negative numbert{< 0). Then the diameteb will be:
dy =dy-[1+a(t; —t,)] 4)

We will implement this calculation once for the eaxf cooling the metal from which
the pulley was cast. In the second case, we wilsicer cooling the false core, which is
a ceramic material with a thermal expansion loviantthat of the metal from which the
casting is made.

If the coefficient of thermal expansion of the cdamd also of the false core) of the
casting iszceamics: the coefficient of thermal expansiaRq, (Whereastaioy > dcaanics), then
using the previous relations we obtain:

d; putiey = dq [1 + 10y (t2 — tl)] 5)
dZ,False,Core = dl ' [1 + Qceramics (tz - tl)] (6)
Respectively:

Coputtey =dq " T [1 + Aoy (t2 — t1)] (7)
C2,False,Core = dl TT [1 + Qceramics (tz - tl)] (8)

Then the stress in the cooling material can beneséid using the relation

CZ,Pulley - CZ,False_Core dl ‘T (aAlloy - aCeramics)(tz - tl)
C2,False,Core C2,False,Core

Fr = 07 * Snode (10)

This relationship is an application of Hooke’s léavan arch element - see Figure 7.
The area marked as the area of the node is equhétsize of the area described by the
Heuvers’ circle.

The force F, in Figure 6 is then responsible for the formatioh structural
inhomogeneities in the casting. After identifyifg tareas of their origin, the entire process
can be simulated on a PC. At the same time, howé\srclear that elementary analysis of
the process can be carried out by students usimgiesirelations of high school physics.

Fig. 7. Scheme of stress on the hoop element,thélhelp of this scheme it is possible to calcuiatee
on the circumference of the pulley caused by imtiestress. Internal stress is the cause of defects
in the structure of the cast material

Figure 8 shows a model of an already cooling puttagting in a mould. Figure 9
shows a volume model of a pulley with a core whishused to create a cavity
in a sand mould in the process of its forming. Wliil the past these models were mainly
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made of wood, nowadays these models are also ebtdig 3D printing, which can be
another task of the students during the work orptiegect. Model used for cavity forming
in is on the Figure 8 marked in blue and the madehe inlet system is marked in red.
In the picture we can also see the cavity of thet isystem with the pouring well without
the model of the inlet system (sprue system) isgeree "inlet system with a well".

Castpulley

False Care-

Sand mold
Metal frame of mold

Fig. 8. The lower part of an open two-part moul@¢asitaining an already solidified casting of a eyl
with a true core forming the central cavity andabsé core forming the peripheral groove. This
image is a screenshot of a virtual lab designedaoh casting technology

Exhaust

Sand mold - upper part

model of the inlet system
inlet system with a well

Cast model of mold cavity

Sand mold-bottom part

Upper frame

Bottom frame

Fig. 9. Mould production in a virtual laboratory. Aodel that has the same volume and shape as the
desired product, supplemented with a core, an@lijmdase also a fake core, is inserted into the
frame and covered with sand. After tamping the sanchvity of the desired shape is created in
the sand
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Core

False core

Fig. 10. Dismantled assembly of cast pulley, core false core in virtual laboratory. In our casedtion
explode was used for dismantling assembly in Vifataoratory based on SolidWorks 2021

Casting defects
~ caused by
thermal stress

b, during cooling.

Fig. 11. The simulation of the formation of castidgfects in the virtual laboratory is used to werif
calculations and to identify places where significhermal stress occurs in the casting

In the following image from the virtual laboratorgee Figure 10, we see the final
casting of the pulley and both cores. These coredbeoken when removing the casting
from the mould in the virtual laboratory, but wencseparate them without destroying them.
The last image dedicated to this example then skros&eenshot of the virtual laboratory
on which the formation of defects in the castingiiaulated - see Figure 11. In this image,
the size of the internal tension in the castingharked with colours, while the red colour
represents its maximum value. We see twelve sniralllar defects on the circumference
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as dimples. In reality, these disturbances would bwo uniformly distributed around the
circumference and would not be identical in sizéhidhl shows that the virtual laboratory
does not work with probability and random distribatof impurities in the material, but on
the contrary works with the material of the castiisgcompletely homogeneous.

Realised teaching at school and its evaluation

The virtual laboratory conceived in this way wagdisn teaching at secondary and
higher vocational schools, however, secondary dcéinolents used the parts prepared by
the teacher to a greater extent. Another signifidéfference was in the time devoted to the
project. The design was implemented in a simplégdest was a geometrically simple

casting without a false core (see Fig. 12). Stusléiad a smaller time allowance for this
simpler project.

Fig. 12. Model of simple cast pulley (without falsere). On the contrary, from the first example, we
used the wooden frame of the form

In Table 1 we see basic information about the tisachThis table contains the class
(school year) in which the project was implementdng with the type of school.
Furthermore, whether the created parts were avaifab rapid assembly of the model or
whether the student had to reprocess everythingdifmonger time devoted to work in

class and the time the student had to hand inrhjeq, i.e. time for independent work on
the project.

Table 1
The use of virtual engineering technology laboiatimn teaching
School/ NCG Y ear PAP [%] TC [hourg] NWD [weeks] NPY []
Uni-1/3 1 0 12 35 3
Uni-2/2 2 50 12 3 6
THs-1/2 2 20 16 4 3
THs-2/3 2+3+4 0 24 8 3
THs-3/1 3 50 12 4 4
THs-4/2 2+3 20 18 6 2
THs-5/2 2+3 20 24 6 2

When we look at Table 1, we see that the type bbakis listed in the first column.
The abbreviation Uni stands for university and &dreviation THs stands for Technical
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High School. Abbreviation NCG stands for numberctdsses or study groups. In the
second column, the grades (years) at the givenos@re marked with a simple number.
In the third column, it is indicated whether thadker provided any completed parts to the
students for editing and what percentage of thal tassembly these provided parts
represented. This column is denoted by the abliteni® AP for the proportion of available
parts. The next two columns contain the time alloweaintended for teaching. The first of
these columns contains the time subsidy intendestttiy for teaching in the lesson. In our
case, when it comes to online teaching, it is itine twvhen the teacher and the student are in
direct contact through one of these systems sudpagle.class, TeamViewer and many
others (as it was during the pandemic or as it mayn the case of distance learning).
During this time, they share screens, as well divigual parts with the teacher, etc. This
time is referred to as TC, which stands for timéhia class. This time is given in hours. It is
clear from the table that with the number of panailable to students, the time needed to
implement individual projects decreases and the bamunof projects implemented per
semester increases.

The next column then shows the number of weeksfdch the students worked on
the project, so it is rather the time that was feftthe students to work independently at
home, NWD. We can say that it is also a matteradéidnining the deadline for handing in
homework from the beginning of the project. Thisdiis given in weeks and is indicated in
the table by the abbreviation NWD, which indicattes number of weeks until the deadline.
The last column shows the number of projects implatied in teaching. The last column
shows the number of projects implemented in teachiine corresponding abbreviation is
NPY as number of projects per year.

Table 2
Student failure and teacher and student evaluafiteaching
School/ NCG ANS[-] SNC [%] SEG [-] TEG [] ESW [-]
Uni-1/3 28 52 3 4 3.2
Uni-2/2 145 32 21 3 2.9
THs-1/2 135 13 3 25 2.9
THs-2/3 125 16 21 24 24
THs-3/1 17 7 1.3 2 1.8
THs-3/2 13 12 25 2.2 2.1
THs-5/2 14.5 9 2 25 2.7

Table 2 then shows the students’ success ratenairde¢aching evaluation. The second
column in the order contains the average numberstatlents, ANS in the group.
Considering that this is a lesson that was orifynalonceived as a lesson in
a computer room, the lesson is in most cases daoig in smaller groups from 9 to
17 students (the average was then 13.8). Only atsehool was the average number of
students higher, namely 28 students. This firsbstlisted in the table three groups and
thus significantly increased the number of studeéntshe study. The total number of
students was 249 and of these 84 were in the sclesijnated as Uni-1. If we include the
students of this school in the statistics, the agernumber of students in a class will be
16.5. The third column of this table shows the prtipn of students who did not complete
the work at all, which was related to reduced naiton during the Covid period. This
column is marked with the abbreviation SNC as dilie unsuccessfully. The following
column indicates the average grade that the steidam@tiuated the form of teaching in the
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virtual laboratory, here we used the abbreviatimient evaluation grade SEG. The fourth
column indicates the degree with which the teacheeduated the form of teaching in the
virtual laboratory, here we used the abbreviatieacher evaluation degree TEG. Both
students and teachers rated the lesson from 1dse i classroom teaching. In the last
column is the degree of classification that thelsis received from the teachers for their
work. In this case too, a classic scale of 1 tth&t and 5 - the worst was used. In this case,
the column is labelled ESW, so this abbreviati@mds for Student Work Evaluation.

Apparently, student evaluation was often influendsd personal experience with
communication with the teacher rather than teclinisaues. Furthermore, students
positively evaluated a lower burden if they werevided with some already prepared parts
for the design. Teacher evaluation was apparemtbngly influenced by the number of
student failures, which is evident in the caserfersity students. The high rate of failure
among university students is probably related tw footivation and the fact that at the
beginning of university studies they are alreadythait parental supervision and
at the same time many of them work in various fiaré jobs. So, it is not a mistake from
the presented teaching approach. It is clear frbenresults of the table that students
achieved the best results when working in the latooy with the highest proportion of
prefabricated parts.

Conclusion

The paper presented here showed one of the posgipl@aches to the use of ICT in
the teaching of technical subjects. The approadbaged on the fact that we will build
a virtual laboratory - a design or technologicdicaf based on one of the commonly used
programs such as SolidWorks, and in the lessonswillecombine it with the use of
programs used for communication with teachers dassmates, such as TeamViewer or
Google class.

Teaching conceived in this way is relatively easyimplement and was positively
received by the students. The total number of sttisdparticipating in the study was 249
from seven different schools. Teaching was caroigdin a total of 15 different classes or
study groups. The average number of students igriigp was 16.5. Teaching, in this way
makes it possible to apply approaches known fronENsTteaching and to combine
knowledge from mechanical engineering, physics,irexgging sciences and information
technology so that students can develop their ipedcKkills in these disciplines.
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