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This Special Issue of [JNM, A Phenomenological Conspectus on
Nonlinear Dynamics, emphasizes the notion that various and
different physical phenomena can often be described by identical
or similar mathematical instruments. In this regard, papers from
disparate fields have been compiled in the issue.

It is noted that the concepts of Mathematical Phenomenology
and Phenomenological Mappings are captured in the works of
Professor Mihailo Petrovié¢ (1868-1943), a Serbian mathematician
who was one of the doctoral students of Jules Henri Poincare
(1854-1912). The specific title of his book in French is Mecanismes
communs aux phénoménes disparates, Paris 1921. In this book,
Petrovi¢ studied (among others) certain elements of multi-
dimensional geometry, couplings between mechanisms and man-
ifestations of phenomena, quantitative vis-a-vis qualitative images
of appearances (phenomena), as well as different kinds of
analogies

It is hoped that this Special Issue comprising papers of different
thematic foci will serve to highlight the role of a “phenomenolo-
gical” perspective for pedagogical and investigative purposes in the
field of nonlinear dynamics in physically disparate systems.
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This Special Issue of JNM, A Phenomenological Conspectus on Nonlinear Dynamics,
emphasizes the notion that various and different physical phenomena can often be described
by identical or similar mathematical instruments.

In this regard, papers from disparate fields have been compiled in the issue. It is noted
that the concepts of Mathematical Phenomenology and Phenomenological Mappings are
captured in the works of Professor Mihailo Petrovi¢ (1868—1943), a Serbian mathematician
who was one of the doctoral students of Jules Henri Poincare (1854—1912). The specific title of
his book in French is Mecanismes communs aux phénoménes disparates, Paris 1921. In this book,
Petrovi€ studied (among others) certain elements of multi- dimensional geometry, couplings
between mechanisms and manifestations of phenomena, quantitative vis-a-vis qualitative
images of appearances (phenomena), as well as different kinds of analogies.

It is hoped that this Special Issue comprising papers of different thematic foci will serve
to highlight the role of a “phenomenological” perspective for pedagogical and investigative
purposes in the field of non-linear dynamics in physically disparate systems.
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ABSTRACT

The modern dynamical systems of various physical natures, such as natural, social, economic, and technical ones,
are complexes of various subsystems. Here, the fundamental basis of nonlinear theory of system’s synthesis based
on synergetics as well as fractional calculus approach in modern control theory together with its application will be
presented. Also, mathematical phenomenology of self-organization of nonlinear dynamical systems have been
considered. The difference of synergetic approach from the classical scientific methods is in identification of the
fundamental role of self-organization in nonlinear dynamic systems, and it is necessary to keep the conceptual
correspondence to the main qualities of self-organization: nonlinearity—open systems—coherence. Russian scientist
A.A. Kolesnikov developed a novel synergetic approach based on the ideas of modern mathematics, cybernetics,
and synergetics to the synthesis of control systems for nonlinear, multidimensional and multilinked dynamic systems
of various natures. The synergetic approach to control theory (synergetic control theory) is a novel nonlinear control
method where the nonlinearities of a system are considered in the control design and a systematic design procedures.
On the other side, fractional calculus (FC) has a long history of three hundred years, over which a firm theoretical
foundation has been established. All fractional operators consider the entire history of the process being considered,
thus being able to model the non-local and distributed effects often encountered in natural and technical phenomena
and they provide an excellent instrument for description of the memory, heredity, non-locality, self-similarity, and
stochasticity of various materials and processes. Fractional dynamics can be encountered in various nonlinear
dynamical systems such as visco-elastic materials, electrochemical processes, thermal systems, transmission and
acoustics, chaos and fractals, biomechanical systems, and many others. The fractional dynamic systems with
nonlinear control represent a relatively new class of applications of the FC which certified the FC as being a
fundamental tool in describing the dynamics of complex systems as well as in advanced nonlinear control theory.

Acknowledgments The support of the Ministry of Education, Science and Technological Development of the
Republic of Serbia through projects TR 35006, 41006 is gratefully acknowledged.
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MozepHu AMHAMUYKH CUCTEMH Cy KOMIUIEKCHH CHCTEMH Pa3iIMUUTHX (U3HUKHX NPHPOJA, KAo IITO Cy HPUPOLHH,
IPYIITBEHU, CKOHOMCKH M TeXHHYKH H KOjU C€ CacToje 0J] pa3Iu4uTHX nopcucreMa. OCHOBE HEJIMHEAPHUX TeopHja
CHHTE3€ CHCTEMa 3aCHOBAHOI Ha CHHEPreTHIM Kao M (DPaKI[OHOM MAaTEeMaTHUKOM IPUCTYIY Y CABPEMEHO] TEOPHjU
yIpaBJbamba, 3ajeIHO Ca HeroBoM npuMeHoM he oBae 6utu npencraBibenn. Takolje, pasmaTpaHa je 1 MaTeMaTH4Ka
(eHOMEeHOIOrHja caMOOpraHM30Baba HEMHHEAPHUX JHHAMHYKUX CHCTeMa. Pa3inka CHHEPreTCKOr MpHUCTyMa O
KIaCHYHUX HAydHHX METOoa orjeaa ce y uaeHTHGUKauuju (yHIaMEHTaHE YIIOre CaMOOpPraHH30Bama Y
HENMHEApHUM JMHAMHUYKHM CHCTEMHMa,TJIe je HEOIXOJHO Ja Ce 3aJpXKU KOHLENTYaIHO OJHOC IpeMa IJIaBHHM
OJUIMKaMa CaMOOPTaHH30Bama: HEIUHEAPHOCT - OTBOPEHHM CHCTEM — KOXEPEHTHOCT. Pycknm HaydyHuk A.A.
KonecHHKOB je pa3BHO HOBH CHHEPreTCKM IPUCTYII 3aCHOBAaH Ha WJejamMa MOJIEpHE MaTeMaTHKe, KHOepHETHKE U
CHHEPreTHKEe, CHHTe3¢ CHCTeMa YIpaBjbara 32 HEeJIMHEapHe, MYITHIMMEH3HMOHAJIHE W BHIIECTPYKO IOBE3aHE
JMHAMUYKE CUCTeMe pa3ianuuTe npupose. CHHEepreTcKu NpUCTYI TEOPHjH YIpaBibama je HOBa HENMHEapHa METOAA
yIpaBJbama e Cy HeJIMHEAPHOCTH CHCTEMa y3eTe y 003Up y CHHTE3HU yNpaBJbaka Kao M MPOLEAype CHCTEMATCKOT
npojekroBama. C npyre crpane, pedyH Heuenor pena (PHP) mma myroropuimsmy HCTOpHjy TAe€ je ycHocTaB/beHA
Teopujcka ocHOBa HMcTor. CBe (pakiUMOHM OMepaTepu y3uMmajy y o03Hp LEJOKYIHY MCTOpPHjy Mpolieca KOoju ce
pa3matpa, unme je omoryheHo caja Ja ce MOZENyjy HelOKalnHH epeKTH M eeKTH IUCTPHOYLHMje KOjH Ce YecTo
cpelly y MPUPOJHUM M TEXHMYKUM IOjaBaMa M OHM oMoryhaBajy Ha Taj HAYMH OLJIMYAH MHCTPYMEHT 3a OIHC
MeMopHje, HaciehuBama, HEIOKAIHOCTH, CAMOCIMYHOCTH, M CTOXAaCTHYHOCTH  Pa3lIMYUTHX MaTtepHjana H
nporjeca. OpaKiMoHa AUHAMUKA CE MOXKE CPECTH Y PA3IHYUTHM HEJIMHEAPHUM AHHAMUYKUM CHCTEMUMa Kao LITO CY
BHCKOCJIACTHYHH MAaTepHjalii, EJIEKTPOXEMH]jCKH MPOIECH, TEPMHYKH IPOLIECH,aKyCTHKa, Xaoc W (pakraim,
OHOMEXaHHYKH CHCTEMH W MHOTH JApyrd. DpakuyoHH IUHAMHYKH CHUCTEMH Ca HEJIHHEAPHHM YIpPaBJbarmbeM
[PEJCTaBIbajy pelaTUBHO HOBY Kiacy npumena PHP, rne je morBpheno na PHP mpencraBiba OCHOBHO CPEACTBO Y
ONHKCY AWHAMHUKE CIIOKSHHX CHCTEMa Kao H (popMHparby HalpeHe HelIMHEeapHe TEOpHje YIPaBIbatba.

3axBajaHuma Ayrop 3axBajbyje Ha HCKa3aHO] MOApLI MHHHCTApCTBY 3a 00pa3oBarbe, HayKy M TEXHOJIOLIKH
pa3Boj Penybimke Cpbuje kpo3 npojexre TP 35006, 41006.

PE®EPEHIIE

[1] Petrovi¢,M. (1911), Elements of mathematical phenomenology, Serbian Royal Academy, Belgrade, pp.789,(in Serbian).

[2] Fuchs,A. (2013)Nonlinear Dynamics in Complex Systems Theory and Applications for the Life-, Neuro- and Natural
Sciences, Springer.

[3] Haken,H.(2004) Synergetics-Introduction and Advanced Topics, Springer-Verlag Berlin Heidelberg.

[4] Kolesnikov, (2004), Synergetics and Control Theory Problems, Moscow: Physmathlit.

[5] Oldham, K.B., Spanier, J.,(1974), The Fractional Calculus, Academic Press, New York.

[6]Lazarevi¢,M.P.,(2015), ,Elements of mathematical phenomenology of self-organization nonlinear dynamical systems:
synergetics and fractional calculus approach®, International Journal of Non-Linear Mechanics, Volume 73, July 2015, pp. 31-
42.

10



@ 70 roxuHa paga MaTemaTmukor nHcTHTyTa CAHY
Mini-symposium ‘“Non-Linear Dynamics™
e Matematuuku nHCTUTYT CAHY 1 IIpojekatr OH174001, Beorpaz, 25 maj 2016

VHCTATYTA CAHY

DYNAMICAL BEHAVIOR OF COMPOSITE MATERIALS
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ABSTRACT

Among the modern structural materials, fibre reinforced materials play very important role. In last few decades
there has been made big effort in research of behavior of such materials. The low density, high strength, high
stiffness to weight ratio, and remarkably good mechanical behavior, demand studies of such behavior for use in
many structural applications. Fibre reinforced materials find applications in many different areas, and their use is
increasing in such rapid rate that it is necessary to study static as well as dynamic properties.

In study of fibre reinforced materials two types of non-linearity occur. The first type is referred to as material
non-linearity, which is due to non-linearly elastic or plastic behavior, and second type are geometric non-linearity,
which occur when changes of structure are significant. Fibre reinforced composite materials are often made on the
form of thin layers, called lamina. Structural elements are then formed by stacking the layers to form desired
stiffness and strength for specific applications. Different stacking sequences form laminate structures whish are
often used in applications.

Here we are going to examine in-deep bulk wave propagation as well as guided waves in an layer in which
privileged directions are in planes parallel to faces of layer. For composite structures, which are mainly used as
lightweight structures, the geometric non-linearity is more important. Dynamic analysis, as more complex than
static, is lesc examined, and here we are going to study such behavior with important numerical results showing
main features of wave propagation in laminate structures. Study of theoretical formulations and solutions of
governing equations of laminate composite structures constitutes objective of this study.

REFERENCES

[1] Reddy, J, N, (2004), Mechanics of laminated composite plates and shells, theory and analysis, 2"ed., CRC
Press, Boca Raton, London, New York, Washington DC.
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AIICTPAKT

Meby caBpeMeHUM KOHCTPYKTHBHUM MaTepHjaMMa, BIAKHUMA OjayaHH MaTepHjalid UrPajy BPIO BAXKHY YIOTY.
V HEKONUKO 3a[ibHX JCICHHja YUHILCH je BEIMKHM HAIoOp Y MCTPaXKHMBakby MOHAIaha TAKBUX Marepujana. Maia
I'YCTHHA, BEJIUKa OTIIOPHOCT, BEIUKU OJHOC KPYTOCT-T&KHMHA, W HU3Y3€THO NOOPO MEXaHHYKO IMOHAIIAIE TPaKu
n3yyaBare TEKBOI' IIOHAIIAkA 32 IPUMEHE Y MHOTMM KOHCTpYKIHMjaMa. BiakHuMa ojadaHn MaTepHjaii cy Halllln
MPUMEHY Y pasiMuuTHM 00JacTHMa, U EbUXOBO KopHIifieke pacTe Tako Op30 Ja je MOTpeOHO MmpoydaBame Kako
CTaTUYKHX TaKO U TUHAMHUYKHX CBOjCTaBa.

Ipu npoyyaBarmy BIaKHAMA OjadaHHX MaTepujayia jaBibajy ce JABa THIA HEIHHEApHOCTH. IIpBH THI Ce OIHOCH
Ha MaTepujalHy HEJIMHEApHOCT, Be3aHy 3a HEJIMHEapHO eTaCTHYHO WM IUIACTUYHO IOHAIIAME, a JAPYTH THIl CY
rEOMETPHUjCKe HEJIMHEApHOCTH, KOje HACTajy HpH BEIHKHM IOMepambuMa KOHCTpyKIWje. BrnakHuma ojayaHn
MaTepHjaii Cy 4YeCTO HampaB/beHH y OONMKY TaHKMX ClI0jeBa, KOjH Ce Ha3uBajy JamuHama. KOHCTpYKTHBHH
€IIEMEHTH Ce 3aTHM (OpMHpajy ClajameM CilojeBa y LiIJbY N00Hjamba jKeJbeHe KPYTOCTH U OTIIOPHOCTH 32 JKEJbeHE
npuMeHe. Pasnidnre cekBeHIIE Crajaka YMHE JaMHHATHE CTPYKTYPE KOje Ce 4eCTO KOPHCTE Y IPUMEHaMa.

Ospe hemo Ja mpoydnmo mponaranyjy 3alIpeMHUHCKUX Tajlaca Kao U Iporaranyjy Bo)eHHX Tajgaca y ClojeBUMa
y KOjuMa Cy HPHUBHJICTOBaHH IMpaBLH IMapajellH ca CTpaHaMa cjoja. 3a KOMIIO3UTHE KOHCTPYKIHje, Koje ce
YITIABHOM KOPHUCTE Kao JIake KOHCTPYKLHje, TeOMETPHjCKa HENMHEApHOCT je BakHHja. JIMHaMMuKa aHaIu3a, Kao
KOMIUICKCHHja O] CTaTHUKe, je Marmbe HCTpaKeHa, ma ieMo OBje J1a NMPOyYMMO TAKBO MOHANIAKE Ca BAKHUM
HYMEPUYKUM pe3yliTaTHMa KOjU IOKa3yjy IJIaBHE OCOOMHE Mporaranje Tajaca y JIAMUHATHUM CTPYKTypama.
[Ipoy4yaBame TeopHujckux (opMylaluja U pelierha OCHOBHUX jeJHAUYMHA JIAMUHATHUX KOMITO3UTHHX CTPYKTypa
[PECTaBba U OBOI' IPOYYaBamba.

PE®EPEHIIE
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ABSTRACT

The paper analyzes energy relations for mechanical systems, whose motion is restricted by nonlinear
nonholonomic constraints. On the basis of the corresponding Lagrange’s equations, a general law of the
change in energy was formulated for mentioned systems, by the help of which it is shown that there are
two types of the laws of conservation of energy, depending on the structure of elementary work of the
forces of constraint reactions. Also, the condition for existing of the second type of the law of
conservation of energy is formulated in the form of the system of partial differential equations. The
mentioned theoretical considerations are illustrated by a model of a nonlinear nonholonomic constraint,
which consists of two points that are forced to move in such a way that their velocities are perpendicular
to each other. The possibility of the existence of the second type of integral is shown within the
framework of this model. The same model is used to show the existence of a special form of the first type
of energy integral, which is related to the so-called “free motion” of a nonholonomic system.

References:

[1] Dragomir N. Zekovi¢, Energy Integrals for Mechanical Systems with Nonlinear Nonholonomic
Constraints, Int. J. of Nonlinear Mech. 73 (2015), pp. 108-113.

[2] Musicki Dj., Zekovi¢ D., Energy Integrals for the Systems with Nonholonomic Constraints of
Arbitrary Form and Origin, Acta Mech., 227 (2016), pp. 467-493.
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Ananusupajy ce €HEprujcKM OJHOCH 3a MEXaHMUKE CHCTEME 4Hje je KpeTame OrpPaHHYeHO Cca
HEJMHEeapHUM HEXOJIOHOMHHMM Be3aMa. Ha ocHOBY oaroBapajyhux JlarpanxkeoBux jennaunsa popMupaH
Jj€ OIIILITH 3aKOH NPOMEHE EHEprHje 3a HaBeleHe CHCTEME, TIOMONy Kora je oKa3aHo Ja IIOCTOoj€ Ba TUIa
3aKOHA OJP)Kama EHEPruje y 3aBUCHOCTU Of CTPYKType eJIEMEHTapHOI paja CHujle peakluje Besa.
@opMmyucaH je ¥ yCIOB 3a II0CTOjambe JPYror THIA 3aKOHA OJp)Kama y OOJIHMKY CUCTEMA IapLHujalHHX
IudepeHnnjaTHuX jefHaunHa. 3a WIYyCTpalyjy HaBEIEHUX TEOPHjCKHX pa3MaTpama HCKOpHUIIheH je
MOJIEN HEJIMHEAapHe HEXOJOHOMHE BE€3€ KOjU C€ CaCTOjU OJl JBE TauKe KOje Cy HpHHYJjeHe 1a ce kpehy
Tako Ja Cy UM Op3uHe ympaBHe. Y OKBMPY OBOra Mojejla IoKasyje ce MOoryhHocT ersucreHuuje
uHTerpana apyror tuna. Ha ncrom Mozeny mokasyje ce jefaH cIelMjanaH BUJ er3UCTEHIUje HHTErpaia
€Hepruje pBora TUIA, KOjH Ce OJHOCH Ha TAKO3BAHO ,,CJI000IHO KPETAHE™ HEXONOHOMHOT CHCTEMA.

Jlureparypa:
[1] Dragomir N. Zekovi¢, Integrali energije za mehanicke sisteme sa nelinearnim neholonomnim vezama,
Int. J. of Nonlinear Mech. 73 (2015), str. 108-113. [na engleskom jeziku]

[2] Musicki Dj., Zekovi¢ D., Integrali energije za sisteme sa neholonomnim vezama proizvoljnog oblika i
porekla, Acta Mech. 227 (2016), str. 467-493. [na engleskom jeziku]
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ABSTRACT
Abstract. Parts of aircraft construction are intensively vulnerable to damage during flight by bird impact. The
theoretical approach and results of numerical simulations of dynamic response of the windshield, wing and engine
loaded by the bird impact are presented. The numerical simulation is carried out using FEM method running in the
solver ANSYS AUTODYN®. As well, some results of experimental data were given.

2 MODELING

2.1 Bird modeling

An important step in the bird strike simulation is the development of an "artificial” bird model. The accurate
modeling of an "artificial" bird includes the shape and material modeling of the bird. Regarding selection of the soft
"artificial" bird material there are different approaches. The wax, foam, emulsions, rubber and gelatin can be chosen.
In this work the porous water (homogenous gas-water mixture) was accepted with porosity 30-40% [1,2].

2.2 Aircraft construction modeling

One-layer windshield geometry is generated as shell part. Equation of state of accepted glass material,
Polycarbonate, is considered to be linear with very small plastic part, so that could treat it like brittle material. A
typical wing leading-edge profile consisting of nose box skin, baffle and two side ribs is selected for this purpose.
Al-alloy was used for skin and baffles and ribs were designed using Kevlar-epoxy composites [3].

3 NUMERICAL SIMULATION AND EXPERIMENTS

There are presented theoretical analysis and results of numerical simulations of dynamic response of the
windshield, wing and engine loaded by the bird impact. The focus is given to the validation of the contact pressure,
stress and strain and possible damage of mentioned aircraft parts.

References

[1] Tannucci L., (1998), "Bird-strike impact modeling, Seminar Foreign Object Impact and Energy Absorbing Structure", London,
England, pp. 11-29.

[2] Ugr¢i¢ M., (2012), "Application of the Hydrodynamic Theory and the Finite Element Method in the Analysis of Bird Strike
in a Flat Barrier", Scientific Technical Review, Vol. 62, Num. 3-4, 2012, pp. 28-37.

[3] Ugrci¢ M., et all., (2012), "Finite Element Modeling of Wing Bird Strike", FME Transactions, 43, Faculty of Mechanical
Engineering, Belgrade, DOI:10.5937/FMET1501076U, pp. 82-87.
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AIICTPAKT
JlenoBH KOHCTPYKIUje aBHOHA Cy M3JIOKEHH MHTCH3MBHUM omTehermMa TOKOM JIeTa Kao Moceuia Moryher
ynapa nrtuie. PasmaTpaHum cy TEOpHjCKM NPUCTYI M PE3yATaTH HyMepHYKe CHUMYyIalije IMHAMMYKOL OJ3HBa
BETPOOPAHCKOT CTaKIIa, KpUiia M NMOroHa M3JIOKEHUX yaapy nruue. Hymepuuka cuMysiaiuja je U3BpiieHa METOI0M
KOHAUHMX eJIeMEeHaTa INpPUMEHOM Hymepuukor codreepa ANSYS AUTODYN®. Ipukazanu cy u onpehenu
€KCIIEPHMEHTAJIHU PE3YTaTH.

2 MOJEJIOBAIBE

2.1 MozaenoBame nTHIE

KopekTHO HyMepHUYKO MOJIETIOBahE yaapa NTHIE Y KOHCTPYKLH]Y JeTeNule YKbydyje AeGuHucame 00NuKa 1
MaTepHjana Mojena mnruie. Y u300py MaTepHjaia 3a MEKo "BEIITauko" TEeNo MTHIE TOCTOje Pa3IHIUTH IPHCTYIIH.
Tako ce, y Ty CBPXY KOPHCTE BOCAK, IIeHa, eMYJI3Hje, TyMa U JKeJIaTHH. Y OBOM pajy je kopuiaheHa mopo3Ha Boja
(xoMoreHa MellaBUHA raca ¥ Boje), ca creneHoM noposzHoctu 30-40% [1,2].

2.2 MoaenoBame 1e10Ba KOHCTPYKIHUje JeTeanie

Jenan cnoj BeTpOOpaHCKOr CTakia je FeHepUcaH Kao JbycKka. JeJHauMHa CTamba MOJUKApOOHATHOr CTaKia je
JIMHEApHOT THIIA TaKo Ja Ce CTaKJO TPeTHpa Kao KpTu Matepujan. Hamaaxa mBuna npoduia kpuna, cacraBjbeHa O
KyTHje YEOHOr IUIAINTA, Y3[Y)KHOT Ojayama M JBa Oo4Ha peOpa, je m3abpaHa 3a OBy aHanu3y. Aun-jerypa je
kopuihieHa 3a IUIAIT, a ojavarba U pedpa cy Iu3ajHUpaHd IPHMEHOM KeBJIap-elOKCHIHUX KOMIO3uTa [3].

3 HYMEPUYKA CUMYJIAIIMJA U EKCIEPUMEHTH

[pencraBibeHN Cy pe3yNTaTH TEOPH)jCKE aHAIM3E U HyMEpHYKE CUMYJallije JNHAMHYKOT OJ[31Ba BETPOOPAHCKOT
CTakia, Kpuia M [OroHa HacTamd mpH yaapy nruue. Gokyc je cTaB/beH Ha BalHAALMjy KOHTAKTHOT MPHTHCKA,
HanoHa U nedopmanyja u Moryher omrehema HaBeIeHUX J€I0Ba KOHCTPYKIIH]E.

W G |

Cnuxka 1. ITopeheme pesuarata peaHOT TeCTa U HY! YKe CUMYJIaluje zle(bopmaun;:mnare KpuJia
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ABSTRACT

Among the basic working parts in machines, rotors play very important role. Gears, axes and other rotating part
are widely used in many applications including industrial power transmission systems, wind turbine, automotive
transmission, as well as rotor craft. The problem of rotor vibrations has existed for a long time but it is actually still
now.

Dynamical model of rotor presented in this paper is heavy rigid disc skew positioned on the self rotating axis.
This axis rotates around support shaft with constant angular velocity. The shaft is supported at the both end with
rigid bearings. Here are presented two special cases: when the support shaft is vertical and the rotor shaft is
horizontal and when the support shaft is inclined to vertical axis for angle . In each case axes are without
intersection.

Equations of motion are formulated using vector method based on mass moment vectors coupled for pole and
oriented axes defined by K. Hedrih. The system has two degrees of mobility and one degree of freedom with one
kinematical excitation. For such defined system nonlinear differential equation of the system dynamics in the
gravitational field is obtained.

It is easy to obtain the results numerically giving suitable starting conditions and choosing time step. So,
numerical analysis of obtained analytical solution is performed through Math Cad and MATLAB.

Series of phase trajectory transformations in relation with changes of angle of inclination of rigid body to a self
rigid axis are presented.

REFERENCES
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Bearings of a Rigid Body Nonlinear Dynamics with Coupled Rotations around no Intersecting Axes, Acta
Polytechnica Hungarica Vol. 10, No. 7, pp 151-170, ISSN 185-8860
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AIICTPAKT

Mel)y OCHOBHMM JeJ0OBUMA MallMHA POTOPHM HMMajy BEOMa BENHMKH 3Hauyaj. 3yNMUYaHWIM, BpaTHiIa U JPYTH
MAlIMHCKU ENEeMEHTH KOjU POTHPajy Cy BeOMa PaclpOCTPAHEHH Yy MHAYCTPUjCKUM TPAHCMHUCHOHUM CHCTEMHMA,
TypOrHaMa, ayToMaTCKuM ypehajuma kao u OpomoBuMa. Mako ce ocruiaTopHa KpeTamba THpO POTOp HpOy4YaBajy
JI0CTa JIyTo, OHA Cy U JJaHAC BEOMa aKTyeJlHa.

JIMHaMHYKH MOJIeS POTOpa KOjH je MPE3EHTOBAaH y OBOM Pajy je TeXaK KPyTH eKCLEHTPHYHO MOCTAaBJbEH JIHCK
Koju ce oOphe 0ko oce IPEHOCHE POTAIlje KOHCTAHTHOM yraoHOM Op3uHOM. Bpatuiio je yuspmiheHo Jiexumrima.
VY panmy ce pa3maTpajy [Ba ciiydaja: oca HPEHOCHE POTallMje je BEepTHKAJIHA JOK je 0ca COICTBEHE POTalije
XOpHM30HTAJHA U CJIy4aj KajJa je oca MPEHOCHE poTalMje HAarHyTa IOJ YIJIOM (Y OAHOCY Ha BepTHKamy. Y oba
cirydaja oce cy Mehycodom oproronanne u Mel)ycoOHO ce MIMOMITase.

JennauuHe Kperama Cy J00MjeHEe TNPUMEHOM BEKTOPCKEe Merojie 0a3upaHe Ha BEKTOpHMa MOMEHTa Mace
nebunucanux y opojuum pamosuma K. Xexpux. CrucreM mMa JiBa cTereHa ciio0o/ie 1 jeiaH CTeNeH MOKPET/bUBOCTH
ca jeJHOM KHHEMaTHYKOM MOOYI0M, MPOrpaMUpPaHOM yYraoOHOM Op3MHOM MPEHOCHOr KpeTama. 3a Tako JeuHUCAH
cucreM JJ00MjeHa je HellMHeapHa AuQepeHIHjalHa jeJHaUNHA.

3a 103HaTe MOYETHE YCIOBE Kao U 3a ofabpaHu MHTEpBal JIako ce 100ujajy HyMepuuku pesyarati. Hymepuuka
aHaIM3a M3BPIIEHA je TprUMeHoM mporpamckor nmakera Math Cad u MATLAB.

VY pany je mpukazana cepuja TpaHchopmanuja (Ga3HHX TPajeKTOpHja y 3aBHCHOCTH Of yria Harmba Tema y
OJIHOCY Ha OCY COIICTBEHE poTaLuje.
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ABSTRACT

A large number of examples, illustrations from nature and history of machines and mechanisms running gear as
an inexhaustible source of research in the field of applied mechanics with the simultaneous use of different
mathematical methods. Due to its complex geometry and modes of movement and power transmission, gear pairs
are real complex mechanical systems on which it is possible to study a large number of non-linear phenomena
separately or simultaneously (contact with variable stiffness, vibration, impact, fatigue).

Gear tooth profile could be formed by different curves. But, the most commonly used are gears with involute
profile — with tooth profile in form of involute curve — curve which is generated when straight line is rolling without
slipping over the circle.

Developing of dynamic model of involute gear pair and calculation of main influential parameters are essential
for studying the gears stability [1]. The described dynamic models can be used for the analysis of the gears
oscillation parameters, only if all time-varying functions are known. The stiffness and load distribution have been
calculated using the developed finite element model. The special attention was paid to define the procedure for time-
varying mesh stiffness calculation [2]. The presented research successfully put together numerical methods for stress
and strain calculations and numerical iterative methods for differential equations solving. The particular gear pair is
chosen for numerical calculation and investigation of dynamics of gears.

A new methodology for analyzing the dynamic behaviour of gear pairs is presented with algorithm which
includes all developed procedures for calculation the main gears characteristics [3]. The main influence factors for
dynamics of involute cylindrical gears are identified and described. The special attention is paid to influence of
addendum modification on gear pairs vibration characteristics. A comparative analysis of spur gears series with
different addendum modification coefficient is discussed. The possibilities for optimization of tooth profile
characteristics with aspect of low-vibration and stability are shown. The similar analysis is performed for
comparative study of spur and helical gear pairs with same geometric characteristics and in the same load
conditions.

REFERENCES

[1] Atanasovska, 1. (2015), “The Mathematical Phenomenological Mapping in Nonlinear Dynamics of Spur Gear
Pair and Radial Ball Bearing due to the Variable Stiffness”, International Journal of Non-linear Mechanics,
Elements of mathematical phenomenology and phenomenological mapping in non-linear dynamics, Edited by
Katica R. (Stevanovic) Hedrih, Ivan Kosenko, Pavel Krasilnikov and Pol D. Spanos, Vol. 73, pp. 114-120.

[2] Atanasovska, 1., Vuksi¢ Popovi¢, M. (2013), “Dynamics of Gear-pair Systems with Periodic Varying Mesh
Stiffness - Spur Gears VS Helical Gears, Series: Scientific Review, Scientific and Engineering - Special Issue -
Nonlinear Dynamics S2 (2013), Guest Editors: Katica R (Stevanovi¢) Hedrih and Zeljko Mijajlovi¢, pp. 373-388.
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Benuku 6poj mpumepa, WiycTpaiuja u3 Npupojie U UCTOPUje MalllMHa U MeXxaHu3aMa MpUKa3yjy 3ylm4aHuKe Kao
HEHUCLPIIHA HW3BOpP HCTPAXKUBamba y OONACTH NpPUMEHCHE MEXaHHKE y3 HCTOBPEMEHY HPHMEHY pasIHIUTHX
MaTeMaTHYKHX MeTo/a. 300r CBOje CI0XKEHE reOMeTpHje U HaulHa MPEHOIICHha KPeTamba 1 CHAre, 3yMmiacTd MapoBU
Cy peajiHU CIOKEHH MEXaHHYKHM CHCTEMH Ha KOjUMa je Moryhe mM3ydaBaTH BENHKH Opoj HenMHeapHHX (heHOMEeHa
OJIBOjEHO MJIM HCTOBPEMEHO (KOHTAKT POMEHIbUBE KPYTOCTH, BUOpalyje, yaap, 3aMop Matepujaia).

IMpodun 3ydana 3ynmuannka Moxe ce HOPMHUPATH O PA3IMUUTHX KPUBHMX. Y HAjIIMPO] YmoTpeOW Hamase ce
€BOJIBEHTHH 3YIMYaHHLHM — OHU KOJ KOjuX Mpo(m1 3y0ala MpeacTaBiba €BOJIBEHTY — KPHBY JIMHH]Y KOja Hacraje
KOTpJbameM 0e3 Kilh3ama IpaBe 110 KPYTy.

Pa3Bujame AUHAMHYKOT MOJIeIa €BOJIBEHTHOT 3YITYacTOr Tapa M MPOpavdyH yTHIAJHUX MapaMerapa, HEOMXOIHO
je mpu m3y4aBamy crabunHocTH 3ymuanuka [1]. OmmcaHu cy TUHAMHYKHA MOJENH KOjH CE€ MOTY KOPHCTHTH 3a
aHAIM3y OCLMIALMja 3yMYaHHKa, ali CaMo Kaja Cy II03HATe CBE BPEMCHCKH NPOMCHJbHBE BenmdnHe. Kpyroct u
pacnonena onrtepehema cy 30or Tora oxpehuanu momMohy HOCEOHO pa3BHjEHOr MOZENA Y METOIU KOHAYHUX
enemenata. IloceOHa naxma je mocseheHa aeduHKHCcamy METOHOJIOrHje 3a oApeluBame BPEMEHCKH NMPOMEHIbHBE
KpYTOCTH crpere 3ymyactor napa [2]. IIpukazana uctpaxuBarma Cy YCIEIIaH CIIoj IPUMEeHe HyMEpHYKUX MEeToJia 3a
onpehuBame gedopManMOHOr W HANOHCKOT CTama M HYMEPMYKHX HTEPATUBHHX METOJa 3a pellaBambe
nrdepeHInjadHuX jeAHaurHa. JeJaH KOHKpPETaH 3yIYacTy map je u3adpaH 3a HyMEpUUKH IPOPAvyH U 32 H3y4aBame
JUHAMUYKOI ITOHAIIamka.

HoBa Meromonornja 3a aHalu3y AMHAMUYKOL IOHAINAMa 3yMTYaCTHX [apoBa MPHKA3aHA je aIrOPUTMOM KOjH
00yxBaTa HOBE MOCTYIKE 3a mpahee OCHOBHHUX KapakrepucTHka 3ymyaHuka [3]. OCHOBHU yTHI@jHH (HakTOpH Ha
JIMHAMUYKO [TOHAIIAE SBOJIBEHTHHX [IMIIMHIPHYHIX 3yITYaHUKa Cy HICHTH(HUKOBAHH U omucanu. [ToceOHa maxma
moceehena je w3ydaBamy YyTuIlaja ToMmepama mpodria Ha BuOpamuje 3ymdyacTor mapa. JluckyroBaHa je
KOMIIapaTHBHA aHAlM3a Cephje 3yNm4acTuX MapoBa Ca Pa3iIHduTUM KOS(HIMjEHTOM IOMepama Npoduia y by
yCBajamba ONTHMAJHOI MapaMerpa oOiiMKa 3yballa ca acleKkTa cMamela aMIUIMTyaa BuOpamuja M mosehamba
crabunHocTu. CiMyHa aHaIN3a IPUKa3aHa je ¥ KoJ mopeherba mapaMerapa JUHAMUYKOT [IOHAIIAbA 3YMYacTor Iapa
ca IpaBUM 3YMLKEMa 1 3y[YacTor apa ca KOCHUM 3YIILUMA.
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ABSTRACT

Many modern materials and material systems are layered, and contain interface. An interface is defined as
the surface between the two materials, which has the characteristics of both materials. The interface is a
characteristic of layered materials, as well as inhomogeneities, residual stresses and discontinuity of thermal and
elastic characteristics. Structural properties of layered materials and systems depend just on the interface. Interfacial
fracture mechanics can be applied to a large number of problems in several areas, such as protective coatings,
multilayer capacitors, thin film/substrate systems for electronic packages, structural laminated composites of various
types and adhesive joints.

Resistance to the interfacial fracture depends on the mixed mode, which represents the ratio of forces for the
crack opening and for the sliding ahead of the crack tip. What is characteristic for the interfacial crack in the mixed
mode load conditions is the existence of the high probability that the crack would kink out of the interface into one
of the materials. The "competition" between the crack kinking and propagation along the interface also includes the
material fracture toughness and interface fracture toughness. If there is a crack kinking out of the interface, the in-
plane tensile stresses would cause destabilizing of the kinked crack and its further propagation in the material below
the interface, i.e., the crack would be moving further away from the interface. On the other hand, the in-plane
compressive stresses are stabilizing the kinked crack and are causing it to close.

A crack, that is approaching an interface between the two dissimilar materials, can behave in three different
ways: is can arrest (stop propagating), it can deflect into the interface and continue to propagate along it or the crack
can penetrate the interface and continue to propagate in the material across it. In this case the energy release rate
needed for the crack deflection is compared to the energy release rate needed for the crack penetration of interface.

Depending on the type of loading to which the composite structure is subjected, the failure process can be
dynamic. If the interface were already weakened by existence of flaws, they could act as the initiators for the growth
of a crack, which, under certain conditions, could propagate unstably along the interface. Such situations lead to
necessity of studying the dynamic crack growth at the interface.

In the layers made of different materials, during the environmental temperature change, the thermal stresses
can appear as a result of the difference in the thermal expansion coefficients. Those stresses are causing the
appearance of an interfacial crack. When such a crack is formed, the energy release rate needed for the crack
propagation depends on intensities of stresses in both layers. The driving force of the interfacial fracture in this case
is the energy release rate. The crack trajectory is different for different coatings with different fracture resistance,
various residual stresses and the like.
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AIICTPAKT

MHOrM MOIEpPHH MaTepujalli U MaTepHjaJIHM CHCTEMH Cy CJIOjeBHTH, OJIHOCHO caipxe HHTepdejc.
Unrepdejc ce nmedunmme kao rpaHnyHa MoBpiIMHA n3Mmel)y OBa MaTepHjana Koja MMa KapaKTepHUCTHKE 00a
Matepujana. MHTEpdejc je KapaKTepHUCTHKa CIOjeBHTHX MaTrepujaia, Kao IITO CYy M HEXOMOTEHOCTH, 3a0CTalli
HAllOHM W JUCKOHTHHYMTET TEPMUUYKHMX M €JNACTHYHHUX KapakTepucTuka. CTPyKTypHE OCOOMHE CII0jeBUTHX
MaTepHjaia ¥ CHCTeMa 3aBHCE YNpaBO of uHTepdejca. MexaHuka jomMa MHTepdejca MOXeE J1a ce NPUMEHH Ha
BEJIUKK Opoj mpobiieMa y BHIIE 00NACTH Kao INTO Cy: 3alUTHTHE NPEBJIaKe, BUIIECIOJHU KOHICH3aTOPH, CUCTEMH
TaHaK CJI0j/0CHOBA 3a EIEKTPOHCKE ITAKeTe, PA3INUUTH CTPYKTYPHH CIIOJEBUTH KOMITO3UTH M JITIJbEHH CIIOjEBH.

Ornop oMy uHTepdejca 3aBHCH O MEIIOBUTOT MOZIA KOjH MPE/CTaBJba OQHOC CHIIA OTBApaha M KIN3ambha
ucrnpen Bpxa npciarHe. OHO MITO je KapaKTepHCTHUYHO 3a MPCIUHY Ha HHTepdejcy y ycaoBMMa MEIIOBHTOT MOA
omnrepehema je na moctoju Benuka BepoBaTtHoha na he mpenuHa na ckpeHe ca uHTepdejca y jenan ox MaTepujaa.
"Takmuueme" u3Mel)y ckperama M HIMpema NPCIMHE JyX MHTepdejca yKibydyje KWIABOCT JIOMa MaTepujana u
JKIJIABOCT JIoMa HHTepdejca. AKO TOCTOJU CKpeTame MpCIMHE ca WHTepdejca, paBaHCKH 3aTeXyhW HAIoOHH,
yenosufie fecTaOuin3anujy MHTEpQEjcHe NPCIUHE U HBEHO Jajbe CKpeTame y MaTepHjal MCIOA HHTepdejca u
ynaseaBame of mera. C Ipyre cTpaHe, paBaHCKHM NMPUTHCKYjyNHM HamoHH cTaOWiIn3yjy MHTepdejCHY HPCIHHY M
JIOBOJIE /10 3aTBapama MPCIIMHE Koja je CKpeHyla ca narepdejca.

Ipcnuna koja ce npubnkasa uuTepdejcy nsMely aBa pazanuuTa MaTepHjaaa MOXe Jia ce MOHAIlA TPOjaKo:
MOXE J]a CE€ 3ayCTaBU IIPU KOHTAKTY ca MHTep(ejcoM (J1a IpecTaHe Ja ce IIMPH); MOXKE Jia HACTaBH Ja CC LIMPU
IpeKo uHTep(ejca WK MOXKeE Jla CKpeHe y uHTepdejc. Y 0BOM ciIydajy mopeau ce Op3uHa ociobahama eHepruje 3a
CKpeTame npcirHe y naTepdejc ca Op3uHOM ocitobohama eHepruje 3a mpeaxemne Mpeko HaTepdejca.

3aBHCHO o1 Ipupozie onTepelierba KOMe je M3JI0KeHa KOMIIO3UTHA CTPYKTYpa, MPOLIeC pa3apamba MOXKe Ja ce
OlBMja M AMHAMUYKHM. AKo je uHTepdejc Beh ocnabibeH mocrojambeM TIpellaka, OHE MOry Ja IIOCIYXe Kao
MHHIMJaTOPH NPCINHE KOja MOXE, O] OAroBapajyinM OKOJHOCTUMA, [ia IIpoIarupa HecTabuIHO 1y HHTepdejca.
TaxBe cutyarnuje 10BoJie 10 NOTpede aHATM3HMpaba JUHAMUYKOT pacTa IpCIuHe Ha uHTepdejcy.

VY ciojeBuMa 07 pa3NMYUTHX MaTepHjajia HPHIMKOM IPOMEHE TeMIEpaType OKOJIMHE HAcTajy TePMUYKH
HAIIOHH Ka0 Pe3y/ITaT pas3iuke y KoeHIHjeHTHMa TOIUIOTHOr mupera. OB HAIIOHH yCIIOBJbABajy M0jaBy HPCIUHE
Ha uHTepdejcy. Kana ce oa npcinua Gopmupa, mokperayka ciia pacTa MpCciuHe 3aBHCH O] HHTEH3UTETa HAallOHA Yy
oba croja. [lokperauka cuna wHTEpdEjCHOr JIoMa y OBOM cCiy4ajy je Op3uHa ocnobahama enepruje. Ilyrama
OpCIMHE je pa3jiMudTa 3a PasjIMYuTe IMpPEBJaKe ca pasiMYuTOM OTHOpHOIINY Ha JIOM, Pa3IM4YUTUM 3a0CTaIUM
HaIloHUMa U CIIMYHO.
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ABSTRACT

In this paper poses an original methodology of the analysis of the dynamics of one class of vibro-impact systems
based on oscillators with curvilinear routes and stationary non-ideal constraints. Beginning with integrated
theoretical basis (Theory of imapacts and collision og bodies, Phase plane method applied to nonlinear system
dynamics, Dynamics of heavy mass particle motion along curvilinear rough lines-parabola, cicloid, circle. elipsoid),
along diverse visualizations, a new methodology base is posed, easily applicable for further scientific research and
new classes of vibro-impact dynamics, as well as for the use in engineering practice for the analysis of real vibro-
impact system dynamics, whose abstraction leads to one of the studied vibro-impact dynamics models. Although
this methodology is presented using several examples, it becomes significant, like algorithm, which easily leads to
analysis of kinetic parameters of vibro-impact dynamic system with one or more degrees of freedom of motion. This
paper was compiled as a result of its authors having selected, systematized and applied one part of the new,
authentic research results, which they attained through their individual research work, within scientific research
projects (project OM144002 (2006-2010) and project OM174001 (2011-2016) coorcinated through Mathematical
Institute of Serbian Academy of Sciences and Arts and suported by Ministry of science of Republic of Serbia;
whereby modern information technology (software tools — software package programmes MathCad, MATLAB,
Wolfram mathematica) is used for graphic visuelization of vibro-impact dynamics.
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PE3UME

VY 0BOj paay je mocraB/beHa OPUTHHAIHA METOIOJIOTHja aHAIN3e JMHAMHKE jeIHE Kilace BHOPOYyIapHHUX CHCTeMa Ha
06a3u ocuuaatopa ca KpPHBOJIMHHjCKMM IyTamama ¥ CTal[MOHADHHM HEWJICalHHMM Be3ama. [loueBmm of
HHTErPUCAHUX TEOPUJCKUX OCHOBA, KA0 KPO3 Pa3iIMuUTE BU3YENHU3alMje IOCTaB/bEHA je HOBA OCHOBA METO 00T ]
JIaKO MPHMEHJBHUBE 32 Jajba Hay4YHa MCTPAKHUBAHa M HOBHX Kiaca BUOPOyJApHUX AMHAMUKA, KAo M 3a IPUMEHE y
HHKEHEPCKOj MPAKCH 33 aHAM3y JUHAMHKE PealHuX BUOPOYIapHUX CHCTEMa, YHja aIllCTpaKIija BOAU Ka HEKOM O]
MPOYYECHUX MOJeNia BHOpoyJapHe AuHamuke. Mako je oBa MeTomosoruja, mpHkasaHa Kpo3 BHIIE NMPHMeEpa, OHA
no0Ouja Ha 3HaYajy M Kao airopuraM, KOjH OJNIAKIIAHO BOAM aHAIM3M KMHETHYKHX Iapamerapa BHOpoyaapHe
JMHAMUKE CHUCTEeMa Ca jeJHUM M BHIIE CTENeHH c1000ie Kperama. Pan je Hacrtao Tako WITO Cy HEHH ayTOpU
W3/IBOjUJIH, CHCTEMAaTH30BAIIK M YIIOTPEOWIH jeaH €0 HOBHX ayTeHTHYHHX MCTPaKHBAYKHUX PE3YNTaTa, J0 KOjUX
Cy JOLUIM y CBOJUM HCTPaKMBambKMa y OKBHPY HaydyHO HCTPaKMBAuKUX Ipojekara (mpojekat OM144002 (2006-
2010) u npojexatr OM174001 (2011-2016), 1 ipu ToMe ce KOpUCTe HOBE MH(POPMATHYKE TEXHONOTHje (copTBEpCKU
amati - mporpamu u3 coprBepckux mnakera MathCad-a, MATLAB-a, Wolfram mathematica) 3a rpaduuky
BH3yeNnHU3aljy BUOPOyAapHe THHAMUKE.
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ABSTRACT

A comparative thermal buckling analysis of functionally graded thick square and rectangular plates with and without
the Winkler—Pasternak type of elastic foundation is presented. Mechanical and thermal properties of the functionally
graded material, except Poisson’s ratio, are assumed to vary continuously through the thickness of the plate
according to a power-law distribution of the metal and ceramic volume fractions. Formulations of equilibrium and
stability equations are based on high order shear deformation theory including different type of shape function as
well as von Karman type of nonlinearity with the plate-foundation interaction and thermal effects. An analytical
method for determination of critical buckling temperature for uniform increase of temperature, linear and nonlinear
change of temperature across thickness of plate is developed. Numerical results were obtained in Matlab software
using combinations of symbolic and numeric values. Comparative results of critical buckling temperature for
different type of shape functions are presented. The accuracy of the presented formulation and obtained numerical
results is verified by comparing the results available in the literature. The effects of the foundation stiffness, power-
law index and temperature gradient on mechanical responses of the plates are discussed and appropriate conclusions
are given.
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AIICTPAKT

[pencraBibeHa je yrmopeaHa aHaN3a TePMUYKOT H3BHjamba ()YHKIIMOHAIHO IPaJMjeHTHE KBapaTHE U IPaBOYraoHe
wioge ca W Ge3 Bunkmep-IlacrepHak Tuma enmacThyHe momiore. MeXaHHYKE M TEPMHUKE KapaKTEPHCTHKE
(YHKIIMOHAIIHO TPaJUjeHTHOr MaTepHjaia, u3y3eB IloacoHOBOr Koe(uLUjeHTa, NPETIOCTaBILEHO je 1a e Memajy
KOHTHHYAJIHO Y mpaBiy JeOJ/bHHE IUI0YE Y CKIIAAy Ca 3aKOHOM KOjH IpEACTaBjba (YHKIHUjY 3alPEMUHCKOr yiena
Meraj/kepamuKa KoHcTHTyeHaTa. PopMynanuja jeHaYMHA PABHOTEXKE W CTAOMIIHOCTH 3aCHHBA CE€ Ha CMHLAjHO]
nehOopMaIMoHO] TEOPHjU BHIIEr pela yKibydyjyhin pasmuuut Tun ¢QyHKIHje 00nmMKa Kao ¥ BOH KapmaHOB THm
HENUHEAapHOCTH Ca IUIOYa-NOJIora MHTEPAKIMjOM M TEPMHYKUM e(peKTOM. AHaIUTHYKAa MeTola 3a oipeluBarme
KPUTHYHE TeMIIepaType W3BHjamba 3a Yje[HAueH MOpacT TeMIlepaType, JIMHEApHH M HeNMHEPaHH PacT y HpaBIy
nebspuHe 1Ioue je pasBujeH. Hymepuuku pesynratu cy nobujenn y coprepy Matiaab kopuuihermeM KOMOUHALHM]E
CUMOONMYKUX ¥ HYMEPHYKUX BpeqHocTH. IIpeicraBibeHH Cy YIOPEAHH PE3YyNTaTH 3a KPUTHYHY TeMIIepatype
W3BHjarba 3a pa3inuuTe THIoBe QyHKIMje oOnmka. TauHOCT mpencTaBibeHe GopMynaluje U ToOHjeHHX pe3yiTara
Bepu(HKOBaHa je mopeljermeM ca pe3yaTaTiMa JOCTYIIHUM Yy JIUTeparype. YTHIA] KPYTOCTH elacTUYHE MOIOre,
HHZIEKCa yzieaa MeTal/KepaMHKa KOHCTHTYeHaTa, Kao U TeMIIepaTypHOT TPajinjeHTa Ha MEXaHUYKH OJI3UB IUIOYE je
JMCKYTOBaH M M3HETH CY OAroBapajyhu 3aK/byqiu.
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ABSTRACT

Human reproduction continues to fascinate researches with mechanisms involved in process of creation of new
being as well with dynamics of these processes of which some are still not examined enough. Reproductive
biomechanics include, but are not limited to, a wide area from micro (cellular level) to macro scale, as well as
different hormonal oscillatory processes in both genders. Each phase of reproductive process is a unique challenge
for modeling biomechanical behavior. Due to specificity of the processes in each phase, approaches in solving
biomechanical problems are different. We highlight some specific areas of research like sperm motility
biomechanics, contact biomechanics of reproductive cells, fertilization biomechanics on macro level with gender
specifies, embryo growth biomechanics, uterus birth biomechanics, vaginal childbirth biomechanics, biomechanical
models of pathological processes like erectile dysfunction. All of them use different methodologies and approaches:
finite element analysis, method of discrete continuum, theory of oscillations in chain systems, fluid an structural
mechanics, theory of chaos, atomic force microscopy measurements, resistive force theory, fluid mechanical model
based on immersed boundary method...Different methodological approaches for these reproductive research
problems will be discussed. A new, innovative approach in the study of biomechanics of sperm cell shape
transformation process-spermiogenesis that occur during sperm maturation will be proposed and discussed.
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AIICTPAKT

XyMaHa penpoaykipja u 1abe GacluHupa UCTpaXkMBade He caMmo 300 MeXaHH3aMa YKJbYUEeHHX Y HaCTaHaK HOBE
jenunke Beh u 300r TMHAMUKE caMuX MpoLeca O KOjUX CY HEKH jOII yBEK HEJAOBOJFHO MpOydeHH. PenpoaykruBHa
OuomexaHuka o0yxBaTa LIMPOKY o0aacT ox MHUKpo (henujckor) 10 Makpo HHBOA KaO U PAa3iIMYUTE XOPMOHCKE
OCLIMJIATOpHE MpoLece koA jenunku oba moma. Csaka ox (asa y mpouecy penpomykuuje je mocedaH H3a3oB 3a
OGruomexaHn4ko MojenoBame. C 003UpoM Ha CreHUUIHOCTH IPUPO/IE TpoLeca cBake (as3e MPUCTYIH y pellaBamy
OMOMEXaHMYKUX MpoblieMa Cy pa3nuuuTH. V3mBajaMo mocebHE 00JAaCTH HCTpaXHBama: MEXaHHKY KpeTama
CIepMaTo3001/a, OMOMEXaHUKY KOHTaKTa PeNpoayKTHBHUX hennja, OMOMEXaHHKy OIUIOAC Ha MaKpO HHUBOY Koja
ca MOJHUM CrienupUIHOCTHMa, OHOMEXaHUKY pacTa eMOpHOHa, OMOMEXaHHKY KOHTpAKIMja yTepyca mpu mopohajy,
OMOMEXaHHKy IpoJacKa IUIoAa Kpo3 mopolajHe kaHaie, MoJene MATOJOIIKHX IMpolieca Kao IITO je epeKIHIHA
auchyHkiuja. CBaka ol HaBEAEHHX OOJIACTU KOPHCTH PA3IMYUTY METOAONOIMjy M NMPHUCTYIE: METOLY KOHAUHUX
CIIEIMEHATA, METOAY MMCKPETHOI KOHTHHYYMa, TEOPHjy OCLIUIAlMja y JIAHYAaHUM CHCTEMHMA, METOMOJIOLIKH
NPHUCTYI CTPYKTYpHE MEXaHHKEe M MeXaHuke (ynaa, TEOpujy Xaoca, Meperma aTOMCKHX CHJIa IOCPEICTBOM
MHKpPOCKOIIa, TEOPHjy OTHOPHUX CHJIA, METONy MHTepakuuje (uiynma M 4BpCTOr Tena 3aCHOBaHE HAa METOAU
IPaHMYHUX eJeMeHaTa ¥ JpPYrMM KoMOMHaluMjamMa HaydHMX Merofa. bulie yKpaTKo H3JIO0XKEHH pasiIuduTH
METOZOJIOLIKY IPUCTYIIH HABEACHUX OMOMEXaHMYKHMX (PEHOMEHa Yy PEHpOIYKTHBHOj MEIMLUMHH Ka0 M HOB
MHOBAaTHBHU MPUCTYI 3a [UHAMHKY CIIEpMUOreHe3e- TpaHchopMmalmja oOJIMKa CIEpMaTo300U[a Y HPOLecy
caspeBama.
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ABSTRACT

Here, we will present recent results in the field of vibration and stability analysis of nanostructures like nanorods,
nanobeams and nanoplates. Systems with one and more nanostructures embedded in the elastic/viscoelastic medium
are modeled via nonlocal elasticity and viscoelasticity and using corresponding displacement field and linear
deformation-displacement relations. Motion equations are derived using D’Alambert’s principle and shown as
functions of displacement and corresponding parameters of the system. Influences of nonlocal parameter, parameters
of elastic/viscoelastic medium, and structural parameters of nanostructures on natural frequencies of the system and
time response are shown on several numerical examples.

2 NONLOCAL MODELS OF NANOSTRUCTURES

Nanostructures such as nanorods, nanobeams and nanoplates are widely used in modern nano-electromechanical,
nano-optomechanical and other nano devices. Difficulties in performing experiments on nano-scale and limitations
of atomistic methods to nanostructures with small number of atoms brings in the foreground the continuum based
methods and their modifications for the analysis of complex nanostructure systems. Nonlocal theory of Eringen [1]
is a modification of classical continuum theory where the basic assumption is that the stress at a point of an elastic
body is not a function of strain only at that point but also depends on strains at all other points of that body. Latter,
that theory is applied for the analysis of vibration and stability of complex nanostructure based systems as well as
nanostructures subjected to the influence of magnetic and temperature fields [2]. Here, we will summarize recent
results in the field of vibration and stability analysis of complex nanorod, nanobeam and nanoplate based systems [2,
3]. Systems with single or multiple elastica/viscoelastic coupled nanostructures representing carbon nanotubes or
graphene sheets embedded in a polymer matrix are modeled using theories of nonlocal elasticity and classical or
fractional viscoelasticity and corresponding beam or plate theories. Motion equations are derived via D’ Alambert’s
principle and shown in terms of displacement and system parameters. Validation study and influences of nonlocal
parameter, parameters of elastic/viscoelastic medium and other system parameters on frequencies and time response
of the system are shown through several numerical examples.
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AIICTPAKT

Ognie he OuTn MpUKa3aHU HEJABHU PE3YNTATH U3 00J1aCTH aHANN3€ OCUUIALMja U CTAOMIHOCTH HAHOCTPYKTYpa
Kao IITO Cy HAHOLITAIOBH, HAHOrpeJe 1 HaHomioue. CuCcTeMH ca jeJHOM WM BUIIE HAHOCTPYKTYpa Koje ce Hajase
y CPEIHHH Ca el1aCTMYHMM/BUCKOEIACTHYHHM CBOjCTBUMA, MOJIEIHPAHU Cy NPHUMEHOM KOHCTUTYTMBHHUX pelaluja
HEJIOKAJIHE eJIACTHYHOCTH U BHCKOJIACTHYHOCTH M OArOBapajyinx mojba HoMepama H JIMHEAPHHX Be3a m3Melhy
nedbopmanyja ¥ moMepama. JeqHAUNHE KpeTama CHCTeMa Cy H3BeleHe HpuMeHoM J[lamamGepoBOr NpHHIHIA H
npukasaHe y (yHKIMjU NOMepama M OAroBapajyiux mapamerapa cucreMa. YTHIAjH HEJOKAJIHOT Napamerpa,
napaMerapa eIacTHYHE/BUCKOEIACTUYHE CpeJUHEe U KPYTOCTH WIM CTPYKTYPHOI MPUTYIISHa Ha IPHPOAHE
(pekBeHLje cUCTeMa WM BPEMEHCKU O3B CHCTeMa MPHKA3aHU Cy Ha HEKOJIMKO HyMEpHUKUX MpHMepa.

2 HEJIOKAJIHU MOJIEJIM HAHOCTPYKTYPA

HaHOoCTpyKType Kao IITO Cy HAHOIITAIIOBH, HAHOTPEAE W HAHOILIOYE CY IIMPOKO IPUMEHCHH y CaBPEMEHHM
HAHO-€IIEKTPOMEXaHUUKUM, HAHO-ONTOMEXaHWYKAM M IpYruM HaHO Yypehajuma. Iloremkohe y wu3Bohemy
eKCIIepUMeHaTa Ha HaHO CKald M OTPaHMYCHAa aTOMICTHYKUX METOJa CHMYNalHje Ha CHCTEME ca MamuUM OpojeM
aToMa JIOBOZIC Y IPBM IUIAH KOHTHHYYM METOJE M HUXOBE MOIUQMKALMjE y CBPXY aHAIM3E CIOKEHUX CHCTEMa
HaHocTpyKTypa. Henokanna teopuja enactuunoctu Epunrena [1] je Momudukanuja KiacHaHe KOHTUHYYM TEOpHje
IJe je OCHOBHA IPETIOCTaBKa Jla HAIIOH Y HEKOj Tauku Tena HUje QyHKIMja nedopMmanuje camo y Toj Tauku eh
3aBHCH M Of AedopMamyje y CBHM OCTalMM TadkaMa Tor Tena. KacHuje je Ta Teopuja IpHMeEHeHa 3a aHAIH3Y
OCIMNAIMja U CTaOMITHOCTH CIOKEHHX CHCTeMa HAHOCTPYKTypa Kao M HAHOCTPYKTypa IIOJ| YTHIdjeM MarHeTHOT
WM TemreparypHor mnosba [2]. OBae hie OuTH cymMupaHH HEJaBHM Pe3ynTaTd y OOJNACTH aHAIW3e OCLIalja U
CTaOMIIHOCTH CIIOKEHHX CHCTEMa HaHOIITAINOBa, HaHOrpeAa W HaHomoua [2, 3]. CuctemMu ca jeAHMM WM BHILE
€JIACTUYHO/BUCKOGIACTHYHO CIIPETHYTHX HAHOCTPYKTYpa KOje MPEeCTaBIbajy CUCTEME YIJbeHHYHUX HAHOLEBH MIIU
rpad)eHa y HEeKOj NOIMMEPHO] CPEIUHH MOZAEIHpaHe Cy NPHUMEHOM TEOpHje HEJIOKaIHE NaCTUYHOCTU U KIACUYHE
M GpaKIMOHE BHCKOEIACTHYHOCTH M OnroBapajyhux Teopuja rpeia ¥ IUIoda. JeJHAYUMHE KpETama CHCTEMa Cy
u3BeieHe mpuMeHoM JlamaMOepoBor IpHHIKIA U IPHKa3aHe y (GYHKIWjH IoMepamba H OAroBapajyhnux mapamerapa
cucteMa. Bammpanmuja pesyrata M yTHMIAjH HEIOKAIHOT IIapaMeTpa, IapaMeTapa elacTUYHe/BHCKOETaCTUUYHE
CpeMHe M OCTaJIMX MapaMerapa cHcTeMa Ha ()PEKBEHLMje MIM BPEMEHCKH OJ3MB CHCTEMa NpHKa3aHU Cy Ha
HEKOJIMKO HYMEPHYKHX IpUMepa.
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ABSTRACT

The most of existing literature related to stability systems is focused on Lyapunov asymptotic stability, which is
defined over an infinite time interval. However, often, this stability concept is insufficient for practical purposes,
because there are some real systems whose state variables, during the transient period, must not exceed a certain
value when the upper bound of initial condition is given. In such cases, new concept of finite-time stability (FTS) is
introduced. Recently, the concept of FTS is applied to various systems, such as time-delay systems, nonlinear
systems, systems with parametric uncertainties, neural network systems, fuzzy systems, switched systems, etc.

Time-delay, which is a common phenomenon encountered in various engineering systems (chemical systems,
electrical networks, large-scale systems, and long transmission lines) is known to be great sources of poor
performance and instability of systems. The concept of finite-time stability can be also applied to time-delay
systems. In many practical systems, time delay is not constant but time-varying.

Other important factors causing poor performance of practical systems are nonlinear perturbations and parameter
uncertainties of systems. To the best of the authors’ knowledge, the FTS problem for the mentioned classes of the
systems has not been properly investigated so far, which motivates us to carry out this study. In this paper, we
extend recent results and apply FTS concept on the time-varying delay systems with nonlinear perturbations and
parameter uncertainties. Our contributions are given as follows. In order to obtain less conservative results, a new
integral quadratic inequality with exponential function (QIEF) is proposed and applied to the considered systems.
By using LKLF with exponential function, QIEF and estimations of LKLF in the initial and the current time, new
less conservative stability criteria are proposed in the form of linear matrix inequalities, in comparison with the
existing literature [1], [2], [3]. Finally, numerical examples are given to illustrate the applicability of the developed
results.
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KPUTEPUJYMU CTABNJIHOCTH HA KOHAYHOM BPEMEHCKOM UHTEPBAJIY
3A KOHTUHYAJIHE CUCTEME CA IPUCYTHUM HEOJAPEBEHOCTUMA 1
BPEMEHCKU ITPOMEH/bBUBUM KAIIIBEILEM
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Kibyune peun: CTaOWIHOCT Ha KOHAYHOM BPEMEHCKOM HHTepBany, KOHTHHyallHM CHCTEMH ca NPUCYTHHM
HeoapeheHoctuma, CHCTEMH ca BpEMEHCKU-IIPOMEHIBUBUM KallllbetbeM, JInHeapHe MaTpUyHe HejeHaunHe.

AIICTPAKT

Behmna mocrojehe nmreparype, koja ce 0aBH TpOydYaBameM CTAOWIHOCTH cCHcTeMa, Kopuctu JbamyHOBY
ACHMITOTCKY CTaOMIHOCT Ne(UHHCAHYy Ha OSCKOHAYHOM BPEMEHCKOM HHTepBady. OBaj KOHLENT CTaOMIIHOCTH
YeCTO je HeJOBOJbAH 3a MPAKTUYHY MPHUMEHY, jep MocToje oapeleH: peajHH CHCTEMH Yhje MPOMEHIbUBE CTama Y
IpeIa3HOM PEeXUMY He cMejy Aa rpel)y ozxpeljene rpanuiie, npu yHanpes 3a1aToj TOPH0j TPAHUIM TOYETHUX YCIOBa
cucreMa. Y TaKBUM CIydajeBUMa YBOJAH C€ KOHLENT CTaOMIIHOCTU Ha KOHAaYHOM BpeMeHCKoM uHTepBaiy (SKVI). ¥
HOCTIe/IIbe BpeMe, OBaj KOHIIENT CTaOMITHOCTH Ce PUMEbYje Ha PasiIMiuTe Kilace CHCTeMa Kao IITO Cy: HETMHEApHU
CHCTEMH, CHCTEMH ca IapaMeTapcKuM HeoJpeljeHOCTHMa, CHCTEMH HEYypOHCKMX Mpexa, (a3u cucreMu u
MPEKUIa4YU CHCTEMH.

BpeMmeHCKo Kallmeme, Koje Ce YecTO IM0jaBibyje y PasMuMTHM TEXHHYKHUM CHCTEMHMa (XEMHUJCKH CHCTEMH,
CNICKTPUUHE MpEXe, BEIMKH CHCTEMH, CHCTEMH ca JyruM IPEHOCHMM JIMHUjaMa), MO)Ke OWUTH M3BOp JIOIIe
neppopmance u HecrabunHocTu cucrema. Konnent SKVI ce Moxe nmpuMEeHMTH M Ha OBY KJIacy CHCTeMa ca
KallmbewheM. UecTo, y MHOIMM IIPAaKTHYHUM CHCTEMHMMa BPEMEHCKO Kalllbhele HHUje KOHCTaHTHO Beh BpeMeHCKu
[IPOMEHJBUBO.

Jlpyrn BakaH wM3BOp Jiomie mnepdopMaHce CHCTEMa jecy HeJIHMHeapHe IepTypOauuje M mHapameTrapcke
neonpehenoctn y cucremy. [lpema HamuMm caszHamuma, npoonem SKVI 3a momenyty kinacy cuctemMa HUje y
JIOBOJbHOj MEPH HCIIUTHBAH 10 cana. 300r Tora cMo, y OBOM pajy, NpoLUpwiIn nocrojehie pesynrare npuMeHom
koHuenta SKVI Ha kiacy cucreMa ca BPEMEHCKM HPOMEHJBMBHM KallllbeHeM M IHPUCYTHUM HEIMHEAPHHM
neprypbaurjamMa U napamerapckuM Heoxpehenoctuma. JlonpuHoc paga je cienehu. Y LHJbYy MOCTH3ama Mame
KOH3EPBATHBHUX pPE3y/ITaTa, NMPEIIOKEHA je HOBAa HMHTErpajHa KBaJpaTHA HEJEJHAKOCT Ca EKCIIOHECHILHjATHOM
¢ynkumjom (KNEF) n npumemena je Ha pa3marpaty kiacy cucrema. Kopucrehu ¢yskiponan cnuuan JbamyHos-
KpacoBcku ¢ynkuponany ca excrioneniujansom ¢yakuujom (LKFEF), KNEF u nporiene LKFEF 3a nouersn u
Tekyhn TpeHyTak BpeMeHa, JOOWjeHM Cy HOBM KPHTEPUjyMH CTaOMIHOCTU Y OOJMKY JMHEAPHUX MaTPHUHUX
HEje/IHAKOCTH, KOjU Cy Marmhe KOH3epBaTHBHHU y mopelemy ca nocrojehum kpurepujymuma [1], [2], [3]. KonauHo,
nomohy HyMEpHYKHX IpUMeEpa, IEMOHCTPHpPaHa je NPUMEHIBHBOCT U3BEACHHUX Pe3yJITaTa.
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[2] Rojsiraphisal, T. and Puangmalai, J. (2014), “An Improved Finite-Time Stability and Stabilization of Linear
System with Constant Delay”, Math. Probl. Eng. 2014, pp. 1-7.

[3] Zhang, Z., Zhang, Z. and Zhang, H. (2015), “Finite-time stability analysis and stabilization for uncertain
continuous-time system with time-varying delay”, J. Franklin Inst. 352, pp. 1296-1317.
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CABLE SUSPENDED PARALLEL ROBOT AS A NONLINEAR MECHANISM
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Keywords: Cable-Suspended Parallel Robot - CPR system, nonlinear kinematics, nonlinear dynamics.

ABSTRACT
This paper deals with the developing and modeling the kinematics and dynamics of Cable-Suspended Parallel Robot
- CPR system. In this paper, we have presented several new types (constructions) of Cable-suspended Parallel
Robot. Each new design requires studious approach and detection of specific phenomena, which needs to be defined
through the process of mathematics modeling. The characteristic features of CPR structures can be grouped as
follows:
. shape of the work space (plane, spatial (different forms)),
. number of motors,
. number of hanging points,
. total number of ropes for the implementation of the CPR system,
. number of ropes from the camera carrier to the hanging points,
. type of motor translational or rotational, translational motors in this paper will not be analyzed, while the rotary
motor can operate in three ways:
« motor with the same side winds or unwinds the rope,
«+ the motor on one side winds the rope but on the other side unwinds the same rope,
«»+ the motor winds or unwinds two ropes at the same time from the same side.

Each of these characteristics differently affects the response of the CPR system. The geometric relations
between the motor and the camera carrier motion are highly important for the kinematic and dynamic modeling of
the system. The mathematical model (kinematic and dynamic) is defined as generally solution. If it assumed
that all the parameters of the considered systems are the same, therefore the comparison of these systems will be
easier. It is evident that the choice of construction of CPR significantly affects the response of this system.

We point out the advantages of novel constructions in comparison with so far published papers. The
development of these systems gives a wide possibility of their application in different areas of human activities:

1. supervision and monitoring the workspace for different purposes: securing and monitoring the area.

2. monitoring and tracking the mass sports (football, hockey, tennis, ...) and culutral events,

3. monitoring and assisting children, elderly and disabled,

4. irrigation in greenhouses, glasshouses and open plantations, and

5. applications for security, police and military purposes.

This paper is an overview of the modeling approaches of different constructions of Cable - Suspended Parallel
Robots, CPR systems.

The so far achieved results on the CPR system project (since the beginning of 2011) have resulted in many
published papers: 2 papers published in international monographs, 4 papers published in international journals from
SI list, 18 papers published in international conferences, 1 invited paper in international conference, 3 papers
published in national journals, 7 papers published in national conferences, 10 technical solutions (program
packages). The quantity and quality of published papers in the area of CPR system’s development support the
popularity of the subject and the fact that this technology was not yet developed in Serbia and in surrounding
countries.

AN AW =
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Kipyune peun: Cable-Suspended Parallel Robot - CPP cucteMm, HennHeapHa KHHEMATHKA, HETMHEApHA THHAMHUKA.

CAKETAK
Ogaj pan ce 6aBu pa3BojeM M MOJENHpameM KHHEMAaTHKe W AUHaAMuKe KaOioBcku Bohenux cuctema (Cable-Suspended
Parallel Robot - CPR cucrem). Y oBOM pany je mpezacraBjbeHO Buiie HoBHX TuroBu Cable-suspended Parallel Robot -
CPR xoHcTpykuuja. CBaku HOBM JM3ajH 3aXT€Ba CTYAMO3aH TPHUCTYI W NPEINO3HABAKE KapaKTEPHUCTUUHHUX (eHOMEHa
Koju Tpeba na Oymy AeduHHCaHM TOKOM Ipolieca MaTeMaTH4Kor mozenupama. Ocobune koje kapakrepumry CPR
CTPYKType MOTry OMTH rpynucaHe Ha cienehn HaumH: 1. 00IMK pagHOor IpocTopa (paBaHCKH, IPOCTOPHU (pa3Hu OOJIUILN)),
2. 6poj MoTopa, 3. Opoj Tauaka Bellama, 4. yKymaH Opoj kabioBa Koju ce kopucte 3a u3paay CPR cucrema, 5. 6poj
Ka0JI0Ba KOjU TOBE3Yjy Ta4yKe O]l Hocaya TepeTa /10 Tayaka Bellarmba,
6. TpaHCIATOPHM WIM POTalIOHH MOTOp, TPAHCIATOPHH MOTOPH Hehe OUTH aHAJIM3MPaHU y OBOM paxy, JOK POTALMOHU
MOTOpH MOTY Jia pajie Ha ciejehn HaduuH:
+*  MOTOp HaMOTaBa HJIM O/IMOTaBa y)Xe ca MCTe CTPaHe,
*  ca je[lHE CTpaHe MOTOpP HAMOTAaBa Y)Xe JIOK €a JPyre CTpaHe OAMOTaBa yxKe,
MOTOp HaMOTaBa MJIM O/IMOTaBa J[Ba Y)KETa Ca UCTE CTPaHE.

CBaka 071 OBHX KapaKTepUCTHKa pa3nnduTo yrude Ha ox3uB CPR cucrema. I'eomerepujcka Besa m3mel)y kperama
MOTOpa M HOca4a KaMmepe je Beoma OMTHA 3a (hopMUpare KNHEMATHYKOT U JUHAMHYKOr MOJiela CHcTeMa. MaTteMaThuku
Mozen (KHHEMaTHIKY U JMHAMHYKH) je Je(UHICaH Ka0 TCHEPAIHO peliehe. AKO Ce IPETIOCTaBy Aa Cy CBH MapaMeTpu
pa3MaTpaHMX CHCTEMa HICHTHYHH TaJa je YIOpEAHA aHajIW3a MPEACTaB/bCHHX CHCTEMa ONakKiuaHa. EBHMIEHTHO je xa
n360p koHcTpykiuje CPR cucrema 3Ha4ajHO yTHYE HA OA3HMB CHCTEMA.

Vka3yje ce Ha NPEAHOCTH HOBMX KOHCTPYKIHMja y ONHOCY Ha OO cala IyONMKOBaHa periema. Pa3Boj oBHX
CHCTEMa /iaje IIMPOKY MOryRHOCT BHXO0BE IPHIMEHE Y Pa3HOPOIHHM 00JaCTHMA JbYACKE ACTaTHOCTH:

1. Hagriename M CHAMAmbE PAJHOT IIPOCTOpA 3a pasM4uTe HaMeHe: obe3Oeljere M HaIrIeqarme PaHOT
IpOCTOpa,

2. cHumame u npaheme MacOBHHX CIOPTCKUX ((pyabaicKhX, XOKEjaCKHX, TEHHCKHX, ...) H KYyJITYPHHX
MaHudecranmja,

3. Ha/30p ¥ toMoh JenH, CTapuM U XCHINKEIHPAaHUM ocobama,

4. HaBOJABamE y CTAKJICHUIINMA, INIACTEHUIIIMA ¥ OTBOPEHUM IUIAHTa)KaMa, I1a CBE JI0

5. mpuMeHe 3a 6e30eJHOCHE, MOMHI]CKE U BOjHE HAMCHE.

Y 0BOM pajy npHKa3zyjeMo Iperien MeToia MoAeIupama pa3inIuTuX KoHcTpykimja [{abne - Suspended Parallel Robots
— CPR cucrema.

Jocanamby pe3ynTaTd McTpaxkuBama Ha npojekty CPR cucrema on mouerka 2011, BepudukoBanu cy Ha
mehyHaponHoj u jmomahoj HaydHO-CTPYYHO] CIIEHM IyOJIMKOBalkeM HHU3a pagoBa: 4 paga IyOJdMKOBaHa Yy
MHTepHAIMOHAIHAM 4YacorucuMa ca Sl sucre, 18 pajoBa myOiIMKoOBaHHX Ha MHTEPHALMOHAIHNM KoH(pepeHuujama, | paj
110 T103MBY MyOJIMKOBaH HAa MHTEPHALIMOHAIHOj KOH(pepeHuuju, 3 pana mybiankoBana y nomahum yacormcuma, 7 pajioBa
myonukoBaHux Ha JomahuMm koHgepeHuujama, 10 TeXxHMYKMX pemiewma (IporpaMcKux mnakera). bpoj u kBamuter
myOnMKoBaHKX pajgoBa y obnactu passoja CPR cucrema uay y IPHIOT aKTYEITHOCTH TEME M Y OJHOCY Ha YMICHULLY Aa
OBa TEXHOJIOr'Hja HUje 0 cana pa3BujaHa y CpOuju a Takole HU y 3eMibaMa y OKPYXKEHbY.
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Mihailo Petrovi¢ (6 May 1868-8 June 1943)

Mihailo Petrovié was born on 6 May 1868, in Belgrade, as the first child of Nikodim,
a professor of theology, and Milica (Lazarevic).

Mihajlo Petrovi¢ Alas was a great figure of Serbian Science and Culture. Petrovié
was a very influential Serbian mathematician with nmeoru doctoral students in Serbia. He
was also a distinguished professor of mathematics at University of Belgrade. Petrovi¢ was
a regular member of Serbiain Royal Academy of Scuence. Petrovi¢ contributed
significantly to the study of differential equations and phenomenology, as well as inventing
one of the first prototypes of an analog computer.

He finished the First Belgrade Gymnasium in 1885, and afterwards enrolled at the
natural science-mathematical section of the Faculty of Philosophy in Belgrade. At the time
when Petrovié finished his studies in Serbia in 1889, several Serbian mathematicians who
had acquired their doctorate degrees abroad, like Dr. Dimitrije Nesi¢ (at Vienna and
Karlsruhe Institute of Technology), Dr. Dimitrije Dani¢ (at Jena, 1885) and Bogdan
Gavrilovi¢ (at Budapest, 1887) were beginning to make a name for them. Subsequently, in
September 1889, Petrovi¢ too went abroad, to Paris to receive further education, at the
Ecole Normale Superieure. He got a degree in mathematical sciences from Sorbonne
University in 1891. He worked on preparing his doctoral dissertation titled:

35



"Sur les zéros et infinis des intégrales des équations différentialles algébriques”
and on 21 June 1894 he defended his doctoral degree at the Sorbonne. His doctorate was
in the field of differential equations.. His doctoral dissertation was approved by Hermite
(Charles Hermite (1822 -1901)), Picard (Charles Emile Picard (1856 -1941)), Painlevé (Paul
Painlevé (1863 -1933)).

Petrovi¢ received a title "Docteur des sciences mathematiques” (doctor of
mathematical sciences). At the Ecole Normale Superieure in Paris, he got the following
degrees: Licence és sciences mathématiques (1892), Licence és sciences physiques
(1893) and Docteur és sciences mathématiques (1894).

Petrovi¢ was righ French Sorbonne student of famous scientists as Poincaré (Jules
Henri Poincaré (1854 -1912)), Appall (Paul Appell (1855 -1930)), Hermite (Charles Hermite
(1822 -1901)), Picard (Charles Emile Picard (1856 -1941)), Painlevé (Paul Painlevé (1863 -
1933)), Bousinesq (Joseph Valentin Boussinesq (1842 -1929)) and other.

In bio-bibliography of Jules Henri Poincaré Mihailo Petrovic is listed as one of

thre Poincaré’s student doctorantes.

In 1894, Petrovi¢ became a professor of mathematics at the Belgrade's Grande
ecole (which later became the University of Belgrade). When in 1905 the Grande ecole was
transformed into the University of Belgrade Petfrovi¢ was among first eight regular
professors, who elected other professors. He held lectures until his retirement in 1938. In
1897, he became a corresponding member of the Serbian Royal Academy and associate
member of the Yugoslav Academy of Sciences and Arts in Zagreb. He became a full
member of the Serbian Royal Academy in 1899, when he was only 31.

Mihailo Petrovi¢ constructed a hidrointegrator,and was laurete of the gold medal at
the World Exposition in Paris 1900. He published a large number of inventions, scientific
works in mathematics and books. He received numerous awards and acknowledgments and
was a member of several foreign science academies (Prague, Bucharest, Warsaw, Krakow)
and scientific societies.

Mihailo Petrovi¢ Alas was a close friend of the prince Dorde P. Karadordevié, the
king's brother, who was arrested in 1925. This is reson yaht in 1927, when Jovan Cvijié
died, members of the Serbian Royal academy proposed Mihailo Petrovi¢ as the new
president of academy, but the authorities did not accept this proposal.

He founded the Belgrade School of Mathematics. All doctoral dissertations
defended on the Belgrade University since 1912 until the Second World War were under
Petrovi¢'s mentorship.

Mihailo Petrovié is laurete of the higher prestigious Sebian church order of Saint
Sava, first class.

He participated in the Balkan Wars and in the First World War as an officer, and
he practised cryptography, and his cipher systems were used by the Yugoslav army until
World War II.On 8 June 1943, professor Petrovi¢ died in his home in Belgrade.

He was a passionate traveller, and he visited both the North and South poles.
Mihailo Petrovi¢ got the nickname "Alas" because of his passion for fishery. His nickname
"Alas" is river fisherman. He played violin, and in 1896, founded musical society named Suz.
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Mihailo Petrovi¢'s Theory:
Elements of Mathematical Phenomenology and Phenomenological
Mappings

Complete theory under the ftitle: "Elements of Mathematical Phenomenology” [11], from
1911, is published on 789 pages and title "Phenomenological Mappings” [2], issued in 1933 on 33
pages, contain fundamental and basic ides, which from time to time appear in current scientific
publications. These cited Petrovié's publications contain general theory of Elements of
Mathematical Phenomenology and Phenomenological Mappings, but both books was published in
Serbian and no visible from other world languages.

Now, let's present some basic parts of the published theory: Elements of Mathematical
Phenomenology (''EnemeHTata matematuuke qpeHomeHonoruje'' [1]). We list only key elements and
titles and sub-titles, for obtaining general view of numerous ideas and organization of this
fundamental book or theory. For this Petrovié's Elements of Mathematical Phenomenology, Milutin
Milankovié (author of wirld known famous Canon of Sun insulation) and one of three important
Serbian, and also, world scientists (first is Tesla Nikola -Unit "Tesla” and second Mihaio Pupin,
Rector of Columbia University in New York) evaluate this book as some important in Petrovié's
scientific results, but understandable only for two persons, both Serbian scientist in this period,
and no readable for other world scientists because is published in Serbian Language. A short
presentation of this book was in France, but not in integral form.

Introducing part is titled: Some elements of multi-dimensional geometry, and then in first
subsection take into presentation Elements for descriptions of phenomena and their mechanisms.
These elements are elements for schematically and analytical descriptions.

Second part is titles: Coupling between mechanisms and manifestation of phenomena in
which present: Basic differential equations for description of simple and complex phenomena. In
next sections general transformations of differential equations are presented.

Third part is dedicated to transformation of equations for phenomenon in holonomic
systems, and fourth part is dedicated to potential phenomena. In this part are presented and
analyzed systems of Appel’s and Lagrange's equations.

Third section is under the subtitle: The immediate consequence of phenomenological
differential equations, in which it is presented, stationary phases of phenomena. In next section,
Petrovi¢ present proper theory of the viva forces and their phenomenological consequences. This
subsection is very important for new quality that Petrovié point out proper separation in its proper
approaches and differences from pure geometrical and introducing approach in dynamics of
systems, usually no understandable for pure mathematicians. This is very important part and point
of view to geometry and dynamics.

In next section action of discontinuous causes is presented.

In the fourth section studies the events of occurrence as a result of its composition
mechanisms are presented. The head of the headlines are: Quantitative and qualitative images of
appearances (phenomenons,).
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Five part is under the title: The composition and patterns of phenomenological mechanisms,
within which combinations and distribution role in the mechanisms of emergence and activation

activity in the mechanisms of occurrence are studied.
The sixth chapter is entitled: Phenomenological analogies which include following heads:

Mathematical analogies and qualitative analogy.

Figure: Tlustration of Mihailo Petrovié interdisciplinary research results.
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Figure 1. Covers of three publications: a* Mihailo Petrovié's theory: Mathematical Phenomenology[3] first
published 1911; b* Roger Penrose: The Emperor's New Mind, concerning Computers [2], Minds and the Laws of
Physics, ISBN 009 977170 S, Oxford University Press 1985/ 199 and c* James Gleick, Chaos: Making a new
Sciences [1], Penguin BOOKS, ISBN 014 00 92501, 1987/1988.
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Fundamental Research (2011-2016)

70 roxuHa paga MaTemaTmukor nHcTHTyTa CAHY
Mini-symposium ‘“Non-Linear Dynamics™

Maremaruuxu uHCTUTYT CAHY u [Ipojekat OH174001, Beorpan, 25 maj 2016

Dynamics of the hybrid systems with complex structures. Mechanics

of materials.

(Project ON174001 in area of Theoretical and Applied Mechanics)

Series of keywords representing
obtained original scientific research
results are large and contain all
keywords included in submitted plan
of project research for period 2011-
2016. These keywords are: Hybrid
systems, discrete continuum,
nonlinear dynamics, phenomenology
and analogies, phenomenological
mappings, systems of fractional order,
fractional order modes, generalized
function of fractional order dissipation
of system mechanical energy,
theorems of energy dissipation,

Project Leader
Katica (Stevanovié) Hedrih

nonlinear transformation, rheonomic
system, nonholonomic constraints,
mass moment vectors, gyro-rotor
dynamics, approximation, amplitude-
frequency characteristic, stability,
synchronization, theory of collision,
vibro-impact system, dynamics of
billiards, energy analysis, non-local
theory and applications,
biomechanical oscillators, DNA
helicoid chains, Zona pelucida,
mechanics of fracture and damage,
control motion, patent, technological
solution.

Obtained original scientific research results are from following research themes:
1* Elements of mathematical phenomenology and applications (in Mechanics, in nonlinear dynamics in general,
in integration of scientific knowledge and for reduction of number of models of dynamical systems known in

world heritage);

2* Analytical mechanics of discrete fractional order systems; Derived a series of theorems.

3* Nonlinear and rare phenomena in dynamics of hybrid systems with coupled structures rigid and deformable
bodies; Transfer energy through the system and subsystems; Synchronization of subOsystems.

4* Models of biodynamical oscillators; Phenomenon of transfer of signals, information

and energy through their complex structures; Oscillations of DNA helix chains and discrete continuum models
of Zona Pelucida.

5* Mehanics of discrete continuum models. Dynamics of coupled structures of deformable bodies and discrete
continuum layers with different constitutive relations: Linear elastic, nonlinear elastic, visco-elastic, hereditary
and fractional order properties.

6* Phenomenom of dynamics of systems with friction and vibro-impact system; Theory of collision of rolling

bodis; Dynamics of billiards.
7* Mechanics of damage and fracture.

8* Control of system wirh delay and theorems of stability.

9* Continuation of doctoral research in accordance with scientific based themes by young doctorantes which are
included in listed themes of project research 1*-8*.

10* 13 Ph.D. Students , younger them 30 ages, are included in project team and project scientific research, and all
was participants of project starting two years seminar: Mathematical methods on mechanics with applications. 12
Ph.D. Students examined all subject at doctoral study programs ; 5 doctorantes defended doctoral dissertation, 3
Ph.D. Students have official decision of accepted Ph.D theme

Home page of the Project acctivities: http://www.mi.sanu.ac.rs/projects/174001a.htm
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Researchers of the Project Grant ON174001 Dynamics of hybrid systems with complex
structures, Mechanics of materials (2011-2015) , coordinated through Mathematical Institute
SANU Belgrade and financially supported by the Ministry of Educations, Sciences and
Technology of Republic of Serbia.

Name

Katica (Stevanovic)
Hedrih

Milan Caji¢

Danilo Karlici¢
Marija Stamenkovi¢
Nikkola Nesi¢
Aleksandar
Atanasov

Ivana Atanasovska
Slobodanka
Boljanovi¢

Ugrci¢ Marinko
Stevan Maskimovi¢
Dusan Mikici¢
Katarina
Maksimovié
Tamara Nestorovi¢-
Trajkov

Dorde Musicki
Marinko Ugr¢ié¢
Julka Knezevi¢-
Miljanovié¢

Marija Miki¢
Milutin Marjanov
Radoslav Radulovi¢

Dragutin
Debeljkovi¢

Nebojsa
Dimitrijevi¢
Natasa TriSovi¢
Dragomir Zekovi¢
Goran Simeunovi¢
Tlija Nikoli¢

Title
Professor

Research Assistant
Research Assistant
Research Assistant
Research Assistant

Ph.D. Student
Training

Research Associated
Professor

Research Assistant
Professor

Professor
Professor
Professor
Research Assistant
Trainee

Professor

Professor

Professor

Professor

Teaching Assistant
Professor

Teaching Assistant
Professor

Research Assistant
Professor
Associated Professor
Professor

Assistant Professor

Professor

Institution
Mathematical Institute - Serbian Academy of Sciences and Arts

Mathematical Institute - Serbian Academy of Sciences and Arts
Mathematical Institute - Serbian Academy of Sciences and Arts
Mathematical Institute - Serbian Academy of Sciences and Arts

Mathematical Institute - Serbian Academy of Sciences and Arts

Mathematical Institute - Serbian Academy of Sciences and Arts
Mathematical Institute - Serbian Academy of Sciences and Arts

Mathematical Institute - Serbian Academy of Sciences and Arts

Institute of Economz, Belgrade
Mathematical Institute - Serbian Academy of Sciences and Arts

Mathematical Institute - Serbian Academy of Sciences and Arts

Mathematical Institute - Serbian Academy of Sciences and Arts

Mathematical Institute - Serbian Academy of Sciences and Arts

Mathematical Institute - Serbian Academy of Sciences and Arts
Mathematical Institute - Serbian Academy of Sciences and Arts
and Economic institute, Belgrade

Faculty of Mathematics, Belgrade

Faculty of Mathematics, Belgrade
Faculty of Forestry, Belgrade
Faculty of Mechanical Engineering, Belgrade

Faculty of Mechanical Engineering, Belgrade

Faculty of Mechanical Engineering, Belgrade

Faculty of Mechanical Engineering, Belgrade
Faculty of Mechanical Engineering, Belgrade
Innovation Center, Faculty of Mechanical Engineering, Belgrade

Faculty of Mechanical Engineering, Kragujevac
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Name

Ljiljana Veljovi¢
Milos Jovanovi¢

Tomislav Petrovié
Julijana Simonovié

Jelena Veljkovi¢-
Dokovic

Sreten Stojanovic¢
Andelka Hedrih
Vera Nikoli¢-
Stanojevié¢

Srdan Jovi¢

Ivica Camagi¢
Vladimir Raicevi¢
Zlatibor Vasi¢
Vladimir Velji¢

Jan Awrejcewicz

Dumitru Baleanu

Jose Manuel
Balthazar

Matthew P.
Cartmell

Rega Giuseppe

J.A. Tenreiro
Machado

Yuri Mikhlin

Ali Hasan Nayfeh
Subhash C. Sinha
Jerzy Warminski

Hiroshi Yabuno

70 roxuHa paga MaTemaTmukor nHcTHTyTa CAHY
Mini-symposium ‘“Non-Linear Dynamics™

Matematuuku nHCTUTYT CAHY 1 IIpojekatr OH174001, Beorpaz, 25 maj 2016

Title

Professor
Assistant Professor
Professor

Doctor of technical
Sciences, Teaching
Assistant

Associated Professor

Associated Professor

Teaching Assistant

Professor Emeritus

Associated Professor

Assistant Professor
Professor
Professor

Ph.D. Student

Professor

Professor

Professor

Professor

Professor

Professor

Professor

University Distinguished

Professor

Alumni Professor and

Director

Ph.D. D.Sc. Professor

Professor

Institution

Faculty of Mechanical Engineering, Kragujevac
Faculty of Mechanical Engineering, Ni§

Faculty of Mechanical Engineering, Ni§

Faculty of Mechanical Engineering, Ni§

Technical Faculty, Bor

Faculty of Technology, Leskovac

State University, Novi Pazar

State University, Novi Pazar

Faculty of Technical Sciences, Kosovska Mitrovica
Faculty of Technical Sciences, Kosovska Mitrovica
Faculty of Technical Sciences, Kosovska Mitrovica
Faculty of Technical Sciences, Kosovska Mitrovica
Faculty of Mechanical Engineering, Belgrade

Technical University of Lodz, Department of Automatics and
Biomechanics, Poland

Cankaya University, Faculty of Art and Sciences, Department of
Mathematics and Computer Sciences, Balgat 0630, Ankara,
Turkey

UneSP Brazil, Rio Claro, SP Brasil

Department of Mechanical Engineering, University of Glasgow,
Scotland, UK

Dipartimento di Ingegneria Strutturale e Geotecnica, Universita'
di Roma La Sapienza, Italy

ISEP - Institute of Engineering of Porto, Portugal

Department of Applied Mathematics, National Technical
University Kharkov, Ukraine

Virginia Polytechnic Institute and State University
Nonlinear Systems Research Laboratory, Department of

Mechanical Engineering, Auburn University, Auburn, Alabama

Technical University of Lublin, Department of Applied
Mechanics, Poland

Department of Mechanical Engineering, Faculty of Science and
Technology, Kieo University, Japan
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VHCTATYTA CAHY

Researchers of Projecz ON174001 as participants of Serbian Congress of Theoretical and Applied Mechics and
Mini’ Symposium Nonlinear Dynamics, Arandjelovac 2015.
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