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Abstract: The paper deals with measurement of dust mas®tration in working environment. Because of vatiigb
of the quantity, also uncertainty balance is neetledre are several methods for measurement ofithsg concentration.
Gravimetric methods is frequently used for thisqmse, but also this method is used as referendeoniefor calibration
of others methods of measurement.

1 Introduction velocity airflow rotating inside cyclone and seperg the

Dust mass concentration is a quantity measured Rarticles with high aerodynamics diameter. The bmal
working environment and also in country environmenfarticles pass thorough the cyclone and they dfected
The dust mass concentration in country environnignt on filter material [1-17].
increased in last years. It is related to pollgroducet
by factories, cars, coal heating and other huméinites.

Working environment is mainly sensed inside
buildings. There are defined linits for the valwésdust
muss concentration for working environment.

Pollutant emmision is very strictly monitored
parameter of air quality.

Dust is very dangerous for human helathy and life.
From hygienic viewpoint, the dust is defined as Ikma
particles of solid state materials, which are dispé in
environment air otherwise which are sedimentary on
various objects. These particles come from theouari
technological operations (metallurgical technolagic
operations, combustion of various substances, or&img
industry, threadmills, cement industry, cerealsamieg,
processing of dry vegetal materials, wood processtn.).

For practical purposes it is possible to dividetdus
particles into these categories — dimensional ifrast
respirable and non-respirable dust fraction. Thirgaal
of this dividing is to imitate the dust separatiohthe
human breathing. So, respirable fraction is thé giadust
particles, which is possible to respirable inside human
breathing ways.

Respirable dust transducer would by a sensitive tonl
respirable dust fraction. This requirement is agkdein
practise with using of pre-separator. The most ysed
separator is so-called cyclone, which uses the argchl
way of the dust separation. A cyclone (fig. 1) isize-
selective device used to separate respirable amd
respirable-sized particles from the air. The naoyelpne*”
is coming from their principle, which is based aighh

1 — cyclone separator, 2 — dusty air inlet, 3 pirable
dust air outlet, 4 — airflow path, 5 — non-resplieatiust
fraction
Figure 1 separation of non-respirable dust fract{ds]

Dust laden gas enters the chamber from a tangential
direction at the outer wall of the device, formagortex
as it swirls within the chamber. The larger artites,
because of their greater inertia, move outward arel
forced against the chamber wall. Slowed by frictidth
Nhe wall surface, they then slide down the walbirt
conical dust hopper at the bottom of the cyclonke T
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cleaned air together with respirable dust fractovirls
upward in a narrower spiral through an inner cyéindnd
emerges from an outlet at the top. Accumulated non-
respirable particulate dust is deposited into goleopdust

bin or screw conveyor at the base of the collector.

The cyclone is made from electrostatic conductive
material (aluminium or conductive plastic), whick i
needed for elimination of electrostatic phenometéchy
occurs in nylon cyclone.

There is also a different way how to separate diest.
optical measurement method it is possible via “non-
mechanical way”. One of the possible ways is based
suitable wavelength of light radiation and scatggle.
Another possible non-mechanical way is based daldei
signal processing from light scattering sensorqlL-1

The main goal of this paper is to show the possitof
change of the mechanical pre-separators with segpipg
of the dust transducer sensitivity to non-respeatist
fraction based on signal processing for light scatt dust
transducer. This way represents one of the possible
approaches to the problem solving, which is origrite
replacement of the mechanical parts with electsomic
signal processing for obtaining of the overall gndes
improvement of the function, which has been pradidia
mechanical part.

2 Gravimetric method for dust mass
concentration measurement in working

air environment

The gravimetric method principle (fig. 2) lies aacf,
that dust sample from air is captured on suitage bf the
filter.

Weight difference of the filter before and after
sampling and airflow velocity is basic informatifam dust
mass concentration Mc identification. It can beaoied
from equation (1):

- rnoefore - mafter (1)
Q

where:myefore Matter — are filter weights before and after
sampling,
Qv — volume airflow velocity,

Mc

1 — dusty air, 2 — cyclone, 3 —filter, 4 —volunmaximeter,
5 — high-volume pump, 6 — analytic scales

. . . . Figure 2 Principle of dust mass concentration measient
The main advantage of the gravimetric method is with gravimetric method [19]

simplicity and comparable results independent oedus

measuring devices. So, the gravimetric method k@ b 3 Uncertainty of measurement of dust
accepted as reference method for dust mass coatientr mass concentration

measurement [19]. Standard uncertainty of measurement of dust mass
Filter is made from cellulose, glass fibre, teflofCE . y o )
) g concentration can be described as (2):
— mixed cellulose ester, PVC, silver etc. Measurgme : . -
range with this method is 0.1-2000mg/m3 (it depeols . :\/[ Mec ] 2 [ Mc ] - (BMCJ 2, @)
device producer) [19]. OMater OMbetore 0Qv

where:muefore Matter — are filter weights before and after
sampling;Qv — volume of sampled polluted air; umatfter,
umbefore — are standard uncertainty of measuremfent
filter weight before and after samplingyy — is standard
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uncertainty of measurement of volume of sampletipgal  calibration process has to be executed directlypeasured

air. place and it is necessary to repeat it very fretijpémainly
Partial sensitivities can be derived as follow (3): in case of changed production conditions). Thisspatso
oMc 1 .0Mc _ 1. shows that calibration is very significant for detaation
OMarer Qv  IMbetore Q ' of uncertainty of measurement and shows the wayihow
Me 1 3 is possible to minimize the uncertainty of measweeni6-
aQ\, = _@(maﬁer - nbefore) : ( ) 39]
.After substitution of partial sensitivities intowagtion 2 Acknowledgement
(4): The work has been accomplished under the research

(4)  project APVV-15-0149, VEGA 1/0224/18, KEGA

1Y, 1Y, 1 :
UMC:\/[il Dumbefore*'[_i] Dumaﬂer*'[_i[ﬂn’hher_n’bemm)] EI"Qv - I
Q Q Q 006STU-4/2018 financed by the Slovak Ministry of
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standard uncertainty of dust mass concentratian (5) [1] ONOFRI, F., REN, K.F. and GRISOLIA, C.
Ume = Q/‘/Z W2 + (maﬂer _ m)efore)z mév _ (5) Development of an in situ optical diagnostic oftdus

ITER, 14" Int. Symp. on Applications of Laser
Techniques to Fluid Mechanickisbon, Portugal, 07-
Standard uncertainty um angl, should be as combined __ 10 July, 2008. _
standard uncertainties which consist of standaldl CRAWLEY, G., COURNIL, M. and Di BENEDETTO,
uncertainty obtained via using of method A andusing D.: Size analysis of fine particle suspensions by
of method B. Conditions are not fulfilled for obtaig of spectral turbidimetry: potential and limit§owder
standard uncertainty obtained via using of method A _ TechnologyVol. 91, No. 3, pp.197-208, 1997,
Consequently, standard uncertainty um apgdare equal (3] MISHCHENKO, M.l., HOVENIER, J.W., TRAVIS,
directly to standard uncertainties obtained viangisbf L.D.: Light scattering by nonspherical particles:

method B (it means from datasheet supplied by mredju Theory, measurements, and applicatioAzademic
Press, San Diego, 2000.

[4] HONG, S-K., WINTER, J.: Size dependence of cgti
properties and internal structure of plasma grown
carbonaceous nanopatrticles studied by in situ Reode
Mie scattering ellipsometry,. of Applied Physic$/ol.
100, No. 6, pp. 064303, 2006.

4  Calibration of dust mass concentration

measurement devices
Standard VDI2206 deals with calibration of dust
monitors. Calibration based on this standard assige
values of dust mass concentration to the meas@e®s' [5) xy, R.: Particle characterization light scattering

of output quantity from dust monitor (e.g. integstf methodsKluwer Academic Publishers, Miami, 2001.
scattered light). The most frequently used methisds (6] vp| 2066 part 6:Particulate matter measurement.
comparative measurements directly on explored place peasurement of particulate matter in flowing gases.
exposed to dust emmision. Determination of dust load by continuous measurémen

Practical realistaion of calibration depends on ynan  of scattered light with the photometer KTdanuary
factors as working conditions, optical and physical 1g9gg.

properties of dust, condition of sampling of aintzaonined
with dust. All these factors should be respectsd during

[7] CLARKE, A.D., SHINOZUKA, Y., KAPUSTIN,
V.N., HOWELL, S., HUEBERT, B., DOHERTY, S.,

the calibration process. Because of these reasons, ANDERSON, T., COVERT, D., ANDERSON, J.,

calibration requires large attention. All conditidaring

HUA, X., MOORE, K.G., MCNAUGHTON, C,,

calibration has to be noted for later analysis. The
mentioned standard recommends the minimally 15
comparative measurement for reliably execution of
calibration process. Time of one measurement shioald
less then 30 minutes.

CARMICHAEL, G., WEBER, R.: Size distributions
and mixtures of dust and black carbon aerosol iarAs
outflow: physiochemistry and optical properties,
Journal of Geophysical Researchl09, 2004.
doi:10.1029/2003JD004378
) [8] KIM, Y.S., IWASAKA, Y., SHI, G.-Y., NAGATANI,

5 Conclusion T., SHIBATA, T., TROCHKIN, D., MATSUKI, A.,

Final standard uncertainty depends on calibration YAMADA, M., CHEN, B., ZHANG, D., NAGATANI,
process. Also previous experiences show signifioatf M., NAKATA, H.: Dust particles in the free
calibration process. Dust mass measurement is very atmosphere over desert areas on the Asian continent
specific type of measurement, because of theialditly. measurements from summer 2001 to summer 2002
This variability is caused by production proceshjolv is with balloon-borne optical particle counter andatid
as source of dust pollutant emissions etc. Consiyyie

~3~

Copyright © Acta Mechatronica, www.actamechatronica.eu



2

A

é;ov

‘o

Acta Mechatronica - International Scientific Journal about Mechatronics
Volume: 3 2018 Issue: 3 Pages: 1-5 ISSN 2453-7306

chat’O¢

&G

MEASUREMENT OF DUST MASS CONCENTRATION
Tatiana Kelemenova; Miroslav Dovica; Eduard Jakubkovic¢

Dunhuang, ChinaJournal of Geophysical Research[19] KONIAR, D., HARGAS, L., HRIANKA, M.:
109, 2004. doi:10.1029/2002JD003269 Application of standard DICOM in LabVIEW, Proc.
[9] MALM, W.C., SCHICHTEL, B.A., PITCHFORD, of 7" conf. Trends in Biomedical Engineering
M.L., ASHBAUGH, L.L., ELDRED, R.A.: Spatial and Kladno 11. — 13. 9. 2007, 2007.
monthly trends in speciated fine particle concditina [20] CHUDY, V., PALENCAR, R., KUREKOVA, E.,
in the United Statedournal of Geophysical Research- HALAJ, M.: Measurement of technical quantitigis
Atmospheres 109, 2004. D03306, Slovak). Edition of STU, sted., 1999.
doi:10.1029/2003JD003739. [21] VITKO, A., JURISICA, L., KEUCIK, M., MURAR,

[10] ZHUANG, H., CHAN, C.K., FANG, M., WEXLER, R., DUCHQN, F.: Sensor Integration and Context
A.S.: Size distributions of particulate sulphate, Detection in Mechatronic System#jechatronika
nitrate, and ammonium at a costal site in Hong Kong 2008, Proceedings of %linternational Conference
Atmospheric EnvironmenYol. 33, No. 6, pp. 843- on Mechatronics, Slovakia, Tr&anske Teplice,
853, 1999. June 4-6, 2008, Trem: Trertianska univerzita

[11] CHOW, J.C., WATSON, J.G., LOWENTHAL, D.H., Alexandra Dubeka v Tregine, pp. 49-53, 2008.
CHEN, L.-W.A,, TROPP, R.J., PARK, K, [22] SOLOMAN, S.:Sensors Handbook" ed., The
MAGLIANO, K.L.. PM2.5 and PM10 mass McGraw-Hill Companies, Inc., 2010.
measurements in California's San Joaquin Valley23] PAWLAK, A. M.: Sensors and Actuators in
Aerosol Sci. TechnglVol. 40, No. 10, pp. 796-810, Mechatronics,CRC Press, Taylor & Francis Group,
2006. Boca Raton, 2007.

[12] ETYEMEZIAN, V., KUHNS, H.D., GILLIES, J.A., [24] JCGM 100 -Evaluation of measurement data — Guide
Green, M.C., Pitchford, M.L., WATSON, J.G.: to the expression of uncertainty in measurement
Vehicle-based road dust emission measurement I. (ISO/IEC Guide 98-3). First edition September 2008.
Methods and calibratiomAtmos. Environ Vol. 37, Online, Available: http://www.iso.org/sites/JCGM/G
No. 32, pp. 4559-4571, 2003. UM-JCGM100.htm;

[13] GEHRIG, R., HUEGLIN, C., SCHWARZENBACH, http://www.bipm.org/en/publications/guides/gum_pr

[14] GRIMM, H.,

[15] HEIM, M., MULLINS, B.J.,
Performance evaluation of thre¢27] KREITH, F.:The Mechanical Engineering Handbook

B., SEITZ, T., BUCHMANN, B.: A new method to

int.html

link PM10 concentrations from automatic monitors t¢25] JCGM 104 —Evaluation of measurement data — An

the manual gravimetric reference method according
to EN12341Atmos. Environ Vol. 39, No. 12, pp.
2213-2223, 2005.

EATOUGH, D.J.. Aerosol
measurement: The use of optical light scattering fo
the determination of particulate size distributiand
particulate mass, including the semi-volatile fiatt
J. Air Waste Manage. Assp@ol. 59, No. 1, pp. 101-
107, 2009.

UMHAUER, H.,
KASPER, G.:
optical particle counters with an efficient
"multimodal” calibration methodJ. Aerosol Scj
Vol. 39, No. 12, pp. 1019-1031, 2008.

[16] HOFFMANN, C., FUNK, R., SOMMER, M., LI, Y.:

Temporal variations in PM10 and particle size

distribution during Asian dust storms in Inner[29] EA-4/02 Expression of the

Mongolia,Atmos. Environ Vol. 42, No. 36, pp 8422-
8431, 2008.

[17] HERING, S., CASS, G.: The magnitude of biathia

introduction to the "Guide to the expression of
uncertainty in measuremenf{SO/IEC Guide 98-1).
First edition July 2009. Online, Available:
http://www.bipm.org/en/publications/guides/gum_pr
int.ntml

[26] JCGM 200 4dnternational vocabulary of metrology —

Basic and general concepts and associated terms
(VIM) 3rd edition (2008 version with minor
corrections). © JCGM 2012. Online, Available:
http://www.iso.org/sites/JCGM/VIM-JCGM200.htm

Series. CRC PRESS. New York. ISBN 0-8493-0866-
6. 2508s

[28] MELOUN, M., MILITKY, J.: Statistical analysis of

experimental data (In Czech) Praha: Academia,
2004.
Uncertainty  of
Measurement in CalibratiorEuropean co-operation
Accreditation Publication Reference. December
1999.

measurement of PM2.5 arising from volatilization 0f30] MSA 104/97 Expression of the Uncertainty of

particulate nitrate from teflon filterdournal of the
Air & Waste Management Association, V4@, No.
6, pp. 725-733, 1999.

[18] GMITERKO, A., SLOSARIK, S., DOVICA, M.:
Fraction [31] MSA 104/D1-98 Appendix 1 for MSA 104-97

Algorithm  of Nonrespirable Dust
Suppression Using an Optical Transducer of Dust
Mass Concentration, IEEE Transactions on
Instrumentation and Measuremenol. 47, No. 5,
pp. 1228-1233, 1998.

~4~

Measurement in Calibratio(EAL-R2) - Expression
of the Uncertainty of Measurement in Calibration,
Slovenskd néarodnéd akrediteh sluzba, SNAS
BRATISLAVA, december 1997.

Expressing of measurement uncertainties in
Calibration (in Slovak) (EAL-R2-S1), (EA-4/02-S1)

Supplement 1 to EAL-R2 Expression of the
uncertainty of measurmement in calibration, Slovak

Copyright © Acta Mechatronica, www.actamechatronica.eu



2

‘o

°¢' Acta Mechatronica - International Scientific Journal about Mechatronics
5 # Volume: 3 2018 Issue: 3 Pages: 1-5 ISSN 2453-7306
=
Q
% N MEASUREMENT OF DUST MASS CONCENTRATION
oy Tatiana Kelemenova; Miroslav Dovica; Eduard Jakubkovic¢
national accreditation service, SNAS Slovak Metrological Institute. Bratislava, 1993.
BRATISLAVA, October 1998. (Criginal in Slovak)
[32] MSA-L/11 Guidelines on the expresion of uncertaintyf37] WIMMER, G., PALENCAR, R., WITKOVSKY, V.:
in quantitative testing (In SlovakEA - 4/16: 2003), Stochastic models of measuremeataphic Studio
Guidelines on the expression of uncertainty in  Ing. Peter Juriga,$1ed., 2001.
guantitative testing. Slovak national accreditatiofi38] PALENCAR, R., SOPKULIAK, P., PALENCAR, J.,
service, SNAS BRATISLAVA, August 2009. Duri§, S., Suroviak, E., Halaj, M.: Application of
[33] MSA-L/12 Expression of the uncertainty of Monte Carlo Method for Evaluation of Uncertainties
measurement in calibration (In Sloval@A-4/02), of ITS-90 by Standard Platihum Resistance

Expression of the uncertainty of measurement in  Thermometer,Measurement Science RevieVol.
calibration, Slovak national accreditation service, 17, No. 3, pp. 108-116, Jun 2017.
SNAS BRATISLAVA, November 2010. [39] SOPKULIAK, P., PALENCAR, R., PALENCAR, J.,
[34] TAYLOR, B. N., KUYATT, C. E.: Guidelines for et al.: Evaluation of Uncertainties of ITS-90 by Me
Evaluating and Expressing the Uncertainty of NIST  Carlo Method. Conference"@omputer Science On-
Measurement ResultiNIST Technical Note 1297, Line Conferenceg(CSOC) Location: Zlin, CZECH
1994. REPUBLIC Date: APR, 2017. CSOC2017, Vol. 2,
[35] TPM 0050-92Etalons. Expressing of errors and Book Series: Advances in Intelligent Systems and
uncertainties, Metrological Technical Directive. Computing, Vol. 574, pp. 46-56, 2017.
Slovak Metrological Institute. Bratislava, 1992.
(Criginal in Slovak)
[36] TPM 0051-93 Expressing of uncertainties in Review process
measurement,Metrological Technical Directive. Single blind peer review process.

~5~

Copyright © Acta Mechatronica, www.actamechatronica.eu



52 Acta Mechatronica — International Scientific Journal about Mechatronics

:?Qﬂ Volume: 3 2018 Issue: 3 Pages: 7-11 ISSN 2453-7306
o
k=
9% DIDACTIC MODELS OF MANIPULATORS
% & Wtadystaw Papacz
?av
doi:10.22306/am.v3i3.38 Received: 23 May 2018

Accepted: 04 June 2018
DIDACTIC MODELS OF MANIPULATORS

Wiadystaw Papacz
University of Zielona Gora, Faculty of Mechanicaidineering, ul. Prof. Szafrana 4, 65-246 Zielonaa:Boland, EU,
w.papacz@ibem.uz.zgora.pl

Keywords: mechatronics, experimental model, control unitadiat

Abstract: The paper deals with experimental model desigoedducational purposes. These educational modpjsmost
the creativity and innovation thinking of studerBoth designed models are as compact model, byt éhables
completely rebuilding by students also studentsacithnew units for extending of possibilities afga model.

1 Introduction The main aim of this paper is present designedctitla

Mechatronics is interdisciplinary field which integes models suitable for educational in mechatronics.
mechanics, electronics and intelligent control. Meoonic
product is developed with aim to obtain improved®2 Joint manipulator
properties or totally new functions are added. &lzee two The aim was to develop manipulator, which will be
ways for mechatronic product developing. First wusato  useful for experiments, but also allows to modifyda
improve already existing products, which have bdaesfore change the solution, add new functions and include
in mechanical form or electromechanical form. Seconinnovations. Joint manipulator has 4 degree ofdoee
way is to develop completely new products, whiclieha Base of the manipulator can rotate to full rotatf860°).
not been before. Every joint actuator allows to rotate in range +98H

Developing of mechatronic, products require synerggonstruction of manipulator is designed as fully
integration of knowledge from various areas as @eics, demountable and it is possible to build new modifie
electronics, control system, pneumatics, hydraudipics, model with new parameters. The variability of dasigas
thermomechanics, precision engineering, etc. D@uadp the first important aim. There is a bigger place fo
of successful mechatronic products needs optimaiteativity of student. Also students can desigallphew
combination of all related areas. parts and subsystems for adding of new functionadit

Educational activities in mechatronic need pratticananipulator. The manipulator is controlled by tiseng of
experimental models of mechatronic products. Stisdermicrocontroller, which is as small control unit fosntrol
can make any experiments and generate innovateas id of all actuators integrated in manipulator.
for improving of mechatronic products [2-10].

Digital Control Control
Electronics

Electronic

Systems

Figure 2 3D mode of the manipulator
Mechanical
Systems - .
Position servomechanisms have been used as actuator
in every joint of manipulator. These servomechasisine
simple and compact units, which can be controheoitgh

Figure 1 Mechatronics definition and application areas [1] the pulse width modulated signal from microcongnll
Printed circuit board is designed as user friersdlijtion
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with protection against the wrong connection of an
devices to board. The boards also allows varigbdit
electrical connection and students can make matiifin
or also can include the new innovative ideas.

3D model of manipulator has been developed fc
making the simulations of manipulator movementseseh
simulations give results from movement and it isessary
to know about the possibility of movement conflict
between the parts of the manipulator.

Figure 4 Design and smulation of end-effector

Unique design of this cartesian manipulator lies on
principle that it is built on two beams. All moventg are
sensed with resistive position sensor. Informagbout all
Bosition are acquired into control unit for feedbac

Manipulator includes end-effector uses kinematicontrollin Workplace of this manipulator is defthas
mechanism parallelogram for handling with any objec ofling. p P .
cuboid. System enables to execute simultaneous

End-effector is able to hold cuboidal objects with ;

maximum dimension 35 mm. It is designed as planrgovements in all axes.
mechanism with parallel contact planes. Motiorhefend- . L
effector is realized via using of position servohesm. 4 _ Didactic aims

Contact planes also includes tactile switch fooggition During the educational process it is important for
of object holding. students to absorb the theoretical knowledge eatmedg

the lectures and then to realize it practically the
laboratories. The level of the presented absorptiotine

3 Cartesian manipulator ) P
Next designed manipulator has cartesian kinematicl:%]owIedge depends, to a great extent, on realagaitve

(fig. 5) with independent movements in X, Y andxzsa methods and utilized didactic tools. The proposdddalic

All axis is actuated with servomechanisms with belrtnOdeI is supporting the applied educational apprdac

o : . solving the defined problem situation. This apphydicst
transmission systems as transformation units fang of of all. apolies the oroblem interoretation-methood a
rotation motion to linear motion. These belt systeawe to . app P P

) : . heuristic and the research methods. The problexingpol
be preI(_)aded and _sunable p_reloadlng mechanismdcheu philosophy of the education is based on the faattdhring
placed in the manipulator (fig. 6).

the problem task solving and the same by the model
situation problem solving processes the studenégs ar
acquiring the experience from their creative atyiand

Figure 3 Kinematic smulations
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they are creatively mastering their knowledge &iedtays what directive to get out and what activities widé
of their activity. performed by the hands. If something is cominghe t
student’s hands really, it means the integral chafin
consideration and researching and the individwalysand
consultations among the team members and with the
pedagogue who is both the guardian and the ancinosia
the entire project. In this manner, the studerd¢dearning
the philosophy of the mechatronics approach tgtbgect
of the products. Their, both the thinking and theatvity,
are getting a new dimensions enabling the student’s
capability to get under better control the probktaations
solving in the practice. Moreover, these mannenédh
graduates markedly increase the probability of rthei
practice. The same they may to fortify the competitess
of their employers.

The design of the architecture of the model is nardu
and thus enabling an operative alteration of bdih t
hardware and the software configurations.

Figure 5 Design of cartesian manipulator

The students are joining the problem searching ar
problem solving processes through the activitiesthef
teacher. This way the students are learning hosato the
new knowledge independently, they are applyingrth
earlier acquired knowledge, and along with it tlzeg
personally experienced from their creative acegtiThe
practical realization of the task and the personi
involvement in problem solving are imitating the " —
teamwork and the individuals may be aware of the
importance within it. This approach is also 01@
psychological and social natures both for the iicldigl
person and for the realization team. il 1 } : ;

The creative thinking rises during the problem sgjv Figure 6 Drives for cartesian manipulator
situation when the student collides with an obgtoung )
some difficulty in his activity, some conflict ithimpacts 5  Conclusion
something unknown and uneasy and surprising and Practical experiences can be obtained only when
incomprehensible, whereas he does not know theakay students will make a training on practical real eled
overcoming the problem or the obstruction and g Mentioned models have been built as compact systams
solve it on the basis of his actual knowledge. theo it enables to modify any segments and units andests
words, the mechatronics is not only about the kestiand  also can include any innovations into model. Aligocan
it has to pass to the students” hands. So thattids may be managed as team work and everything is made for
act, they are directed by the brain. The braintbasink properties improvements. [4-30].
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