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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.

Preface

This Special Issue of IJNM, 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 phénomenes 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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ELEMENTS OF MATHEMATICAL PHENOMENOLOGY OF SELF-ORGANIZATION
NONLINEAR DYNAMICAL SYSTEMS- FRACTIONAL CALCULUS AND
SYNERGETICS APPROACH

Mihailo P. Lazarevi¢
Department of Mechanics, Faculty of Mechanical Engineering, University of Belgrade
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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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EJEMEHTU MATEMATHYKE ®EHOMEHOJIOT'HJE CAMOOPI'AHN30BAIBA
HEJIMHEAPHUX TMUHAMUYKUX CUCTEMA- ITPUCTYII IPUMEHOM PAUYHA
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Muxamnio II. JIazepesunh
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Kbyune peun: Henmnneapun cucremu, @enomenonoruja, Cuaeprerrnka, Camoopranusanuja, Pauyn nenenor pena

MopepHu IUHAMHWYKH CHCTEMHU Cy KOMIUIEKCHH CHCTEMH Pa3IMYUTHX (PU3NYKMX NPHPOAA, Kao MITO CYy NPUPOIHH,
JIPYLITBEHH, EKOHOMCKH M TEXHHYKH M KOjH CE CacToje Oj] pa3NuuuTuX noacucrema. OCHOBE HETMHEAPHUX TEOpH]ja
CHHTE3€ CUCTEMa 3aCHOBAHOT Ha CHHEPTeTUIH Ka0 U (hPAKIIMOHOM MAaTEMaTHIKOM IIPUCTYITYy Y CABPEMEHO] TEOPHjU
YIIpaBJbarka, 3ajeIHO Ca HEroBoM npuMeHoM he oBae OutH mpeacTaBbeHH. Taxole, pa3mMaTpaHa je ¥ MaTeMaTH4Ka
(heHOMEHOJIOTHja CaMOOPTaHN30Bamka HEMHEAPHUX IWHAMHYKHX cuUcTeMa. Pasinka CHHEpPreTCKOr IMpPUCTYIa Of
KJIAaCHYHUX HAyYHMX METOJa OmIeAa ce y HISHTUQHKanuju (GyHIAMEHTAJHE YJIOre CaMOOpTraHW30Bama Yy
HEJIMHEapHUM JUHAMHYKHM CHCTEMHUMa,I/Ie je HEONXOJHO Ja Ce 3a/p>KH KOHLENTYaJTHO OJHOC IpeMa IJIaBHUM
O/UITMKaMa CaMOOPTaHW30Bamba: HEIMHEAPHOCT - OTBOPEHH CHCTEM — KOXEPEHTHOCT. Pyckum HayuHHK A.A.
KonecHukoB je pa3BHO HOBH CHHEPIeTCKM MPHUCTYII 3aCHOBAH Ha HiejaMa MOJIEpHE MaTeMaTHKe, KHOEpHETHKE U
CHHEPIreTHKe, CHHTE3¢ CHCTEMa YIpaBibarba 3a HEIMHEapHE, MYJITHIVMMEH3HOHAJIHE W BHUIIECTPYKO ITOBE3aHE
JMHAMHYKE CUCTEME pa3sinuuTe npupoae. CHHEpreTCKH MPHUCTYI TEOPHjU yIpaBJbama je HOBa HEIMHEapHA METO/a
YIIpaBJbarka IIe Cy HEIMHEAPHOCTH CUCTEMa Y3€Te Y 003HMp Y CHHTE3H yIpaBJbamka Kao U MPOLEIype CHCTEMaTCKOT
npojekroBama. C npyre crpane, peayH Heuenor pexa (PHP) mma myroromummsy HCTOpHjy TA€ je€ YCHOCTaBJbEHA
Teopujcka ocHoBa ucTor. CBe ()pakUMOHM OIlepaTepd y3MMajy y 0O3Mp LEJOKYIIHY HCTOpHjy Hpoleca KOju ce
pa3marpa, unMme je omoryheHo cajga aa ce MOAETYjy HeJOKaJHH e(eKTH W e(eKTH AUCTPHOYIHje KOjH Ce YEeCTO
cpehy y nmpupoxHUM M TEXHHYKUM II0jaBamMa M OHM oMoryhaBajy Ha Taj HAUWH OIJIMYaH MHCTPYMEHT 3a OITHC
MeMopHje, HaciehuBama, HEJIOKAIHOCTH, CAaMOCIMYHOCTH, W CTOXaCTHYHOCTH  pa3IMYUTHX Marepujajga M
nporeca. @paknyoHa JMHAMHUKA €€ MOXKE CPECTH y PA3IMUUTUM HEJIMHEAPHUM AWMHAMWYKAM CHCTEMHMa Kao IITO Cy
BHCKOEJIACTUYHU MaTepujalif, eJIEKTPOXEMMJCKH MpPOLECH, TEPMHUYKU IPOLECH,aKyCTHKa, Xaoc M (pakKTaiH,
OMOMEXaHWYKH CHCTEMH M MHOTH Jpyrd. (DpakIMOHM JAWHAMUYKHA CHCTEMH Ca HEJIMHEAPHUM YIPaBJbambeM
MIPE/ICTaBIbajy pelaTUBHO HOBY Kiacy npumena PHP, rne je morBpheno ma PHP npencraBsba OCHOBHO CpeicTBO y
OITMCY TUHAMUKE CIIOKEHUX CHCTEMa Kao M ()OpMHUpamy HalpeaHe HeJMHEeapHe TEOpHje yIpaBibamba.

3axBanmHuna AyTop 3axBajbyje Ha HMCKa3aHO] MOAPIIIM MUHHCTapCTBY 3a 00pa3oBame, HAYKy M TEXHOJIOIIKH
pa3Boj Peny6nmke Cpouje kpo3 npojexre TP 35006, 41006.
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DYNAMICAL BEHAVIOR OF COMPOSITE MATERIALS

Dragan Milosavljevi¢

Faculty of Engineering. University of Kragujevac

34000 Kragujevac, Sestre Janjic 6, Serbia
e-mail: dmilos@kg.ac.rs

Keywords: Composites, laminates, fibre reinforced materals, dynamical behavior, slowness curves.

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.
[2] Kennet, B,ILN, (2009), Seismic wave propagation in stratified media, Anu E Press
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JUHAMHNYKO NIOHAITAIBE KOMITIO3UTHUX MATEPUJAJIA
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AIICTPAKT

Mel)y caBpeMeHHM KOHCTPYKTUBHHAM MaTepujajiiMa, BIaKHUMA OjayaHH MaTepHjalid UrPajy BPJIO BaXKHY YIIOTY.
VY HEKONHUKO 3aJibHX ACLECHU]ja YUIUIHECH j€ BEIUKH HAIop y MCTPaKUBamy IOHAIIAKka TaKBUX MaTepHjana. Maia
T'YCTHHA, BEJIMKa OTHOPHOCT, BEIMKH OJHOC KPYTOCT-TEKHHA, M M3Y3€THO JOOPO MEXaHWYKO ITOHAMIAKE TPAXKH
n3y4yaBame TEKBOT MOHAIIAamka 32 IPUMEHE y MHOTHM KOHCTpYKIMjama. BirakHuMa ojagyaHn MaTepHjaid cy Halulnd
MIPUMEHY Yy Pa3iMYUTUM 00JacTHMa, W HBHXOBO KopHuIIheme pacTte Tako Op30 Ja je MOTpeOHO MpoydaBamke Kako
CTaTUYKUX TaKO U TUHAMHYKUX CBOjCTaBa.

[Ipn npoydaBamy BIakHMMa OjadaHUX MaTepHjajia jaBjbajy ce JBa THINA HEIWHEapHOCTH. IIpBU THII ce omgHOCH
Ha MaTepujaJiHy HEJIMHEapHOCT, Be3aHy 3a HENMHEApHO eACTUYHO WJIM IUIACTUYHO TOHAIIAME, a JAPYTH THUIl Cy
TEOMETPHUjCKE HEIMHEApHOCTH, KOje HACTajy IIpU BEJIMKUM IOMEepamuMa KOHCTpyKIHMje. Bnakanma ojauanu
MaTepHjaJId Cy YeCTO HANpaB/beHHM Yy OOJHMKY TaHKHX CJOjeBa, KOjU CE Ha3WBajy JIaMHHaMa. KOHCTpYKTHBHH
eJIEMEHTH ce 3aTUM (OPMHUPAjy CliajarbeM CIIojeBa y IMJbY N00Hjamba KeJbeHe KPYTOCTH U OTIIOPHOCTH 32 JKEJbEHE
npuMeHe. PazinunTe cekBeHIIE Cliajamba YHHE JJAMUHATHE CTPYKTYpE KOje ce YECTO KOPHUCTE y IIPHUMEHaMa.

OgBze hemo sa MpoyunMo mponaranujy 3alIpeMUHCKUX Tajlaca Kao W Mpolaraiyjy Bo)eHux Tajaca y ciIojeBHUMa
Yy KOjuMa Cy IPUBWJIETOBAHHW IIPaBLM MapaJieIHM ca CTpaHama cjioja. 3a KOMITO3WTHE KOHCTPYKIMje, Koje ce
YIJIaBHOM KOPHCTE Kao JaKe KOHCTPYKIIHMje, TeOMETPHjCKa HEIMHEapHOCT je BakHWja. [lMHamMH4Ka aHain3a, Kao
KOMIUIEKCHHja OJf CTaTWYKe, jeé Mame HCTpakeHa, Ia heMo oBJe Ja NpOYyYMMO TAaKBO ITOHAINAIE Ca BaKHUM
HYMEPHUYKUM pPE3yJTaTUMa KOjU IIO0Ka3yjy IJIaBHE OCOOWMHE Nporaranyje Tanaca y JIAMHHATHAM CTPYKTypama.
[MpoyuaBame Teopujckux QopMyiandja W penieha OCHOBHHMX jeJHAYMHA JIAMHHATHUX KOMITO3WTHHX CTPYKTYpa
TIPE/ICTaBIba IIUJb OBOT' MIPOyUYaBamba.

PE®EPEHIIE

[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.
[2] Kennet, B,ILN, (2009), Seismic wave propagation in stratified media, Anu E Press
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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] MusSicki 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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AIICTPAKT

AHanusupajy ce CHEpPrujcKM OAHOCH 3a MEXaHWYKE CHCTEME 4YHje je KpeTame OrpaHHyYeHo ca
HeTMHEeapHUM HEXOIOHOMHUM BezaMa. Ha ocHOBY oarosapajyhux JlarpamkeoBux jeqnaunaa GopMupan
j€ OIIITH 3aKOH MPOMEHE EHEpruje 3a HaBe[eHe CUcTeMe, MOMOohy Kora je mokas3aHo Jia TIOCTOje JBa THIa
3aKOHa OJAp)Kama EHEpruje y 3aBUCHOCTH O CTPYKType eJIEMEHTapHOI palla CHJIe peakluje Besa.
dopmynrcaH je U yCIOB 3a MOCTOjamke APYror THIIA 3aKOHA OApXKama y OOJIMKY CUCTeMa MaplijaTHUX
mudepeHIMjaTHIX jeqHauuHa. 3a WIIyCTpalujy HaBeAIEHHX TEOPHjCKHX pa3Marpama HCKOpUIIheH je
MoJiell HeJTMHEeapHEe HEXOJIOHOMHE Be3e KOjH ce CacToju Of JABE Tauke Koje Cy ImpuHyIjeHe aa ce kpehy
Tako 7Ja cy UM Op3uHE ympaBHEe. Y OKBHUPY OBOra Mojena IoKasyje ce MOryhHOCT ersucTeHlHje
uHTerpana apyror tTuna. Ha ucrom mMozpeny mokasyje ce jenaH crelujajiaH BHJ €r3UCTEHIMje HHTErpaia
SHepryje MpBora THIIA, KOjU ce OAHOCH Ha TAaKO3BaHO ,,CII000THO KpeTame™ HEXOIOHOMHOI CHCTEMA.

Jluteparypa:
[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] Iannucci 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
JlenoBu KOHCTPYKIMje aBHOHA CY M3JIOKEHW MHTEH3UBHUM omTehemnma TOKOM JieTa Kao rmocienuna moryher
yrapa nrune. PasmarpaHu cy TEOpHjcKM HPHUCTYN M PE3yNTaTd HyMEpHYKe CHMYJaluje ITUHAMHUYKOr O/I3MBa
BETPOOPAHCKOr CTaKJa, KpWJla U MOroHa M3JIOKEHHUX yhaapy nrune. Hymepnuka cuMmyrnanuja je U3BpIIeHa METO0M
KOHAYHHMX eJIeMEHaTa HpUMEHOM Hymepuukor codrBepa ANSYS AUTODYN®. Ilpukasamum cy u oxpelennu
€KCIEPUMEHTAJIHU PE3YIATATHU.

2 MOJEJIOBAIBBE

2.1 MonenoBame NTHIE

KopekTHO HyMepHIKO MOIENIOBAmkE yaapa NMTUIle Y KOHCTPYKIIU]Y JIETEIHIe YKIbydyje neuHrucame 00InKa
MaTepHjalia MojieNna nTure. Y u300py MaTepHjaiia 3a MEKO "BEIITaYKo" TENO NTHIIE ITOCTOj¢ PA3NIHIUTH MPUCTYITH.
Tako ce, y Ty CBpXy KOPHCTE BOCAK, [ICHA, EMYII3Hje, TyMa U jKeJIaThH. Y OBOM paiy je KopHinheHa mopo3Ha Boja
(xomoreHa MelllaBUHA raca U BoJie), ca crenenoM noposHoctu 30-40% [1,2].

2.2 MoaenoBame 1eJ10Ba KOHCTPYKIIHje JieTeJTnIe

Jeman ci0j BeTpoOpaHCKOr CTakja je TeHepHcaH Kao JbycKa. JenHaunHa crama MOJIMKapOOHATHOI CTakia je
JIMHEapHOT THIA TaKo Ja Ce CTAaKJIO TPeTHpa Kao KpTH MaTtepujai. Hamaana mBuia npoduia Kpuia, cacTaBibeHa Off
KyTHje YeOHOr IUIallTa, y3IyXHOI Ojayama M 1Ba OouHa peOpa, je m3abpaHa 3a OBy aHaiuM3y. AJ-Jerypa je
kopuniheHa 3a IamT, a ojayama u pedpa cy An3ajHUpaHu IPUMEHOM KEBJIap-eHOKCHIHNX KoMIo3uTa [3].

3 HYMEPHUYKA CUMYJIAIIMJA U EKCIEPUMEHTHA

[IpencraBibenn cy pe3ynTaT TEOpHjCKe aHAIN3e M HyMEpHUUKE CUMYJIAIHje INHAMUYKOT Of3MBa BETPOOPAHCKOT
CTaKja, KpWwia ¥ MOroHa HAcTajdM HpH ynapy nruie. PoKyc je CTaBjbeH Ha BINAALM]Y KOHTAKTHOI NPHUTHCKA,
HaroHa u aedopmarnyja 1 Moryher omrehema HaBeJEHUX 1€JI0Ba KOHCTPYKIIH]E.

Cmuxa 1. ITopeheme pesunrata peaHOr TecTa H HyMEpHYKe CHMYJIaluje L[e(bopMauI/IJT:(-)nnaTe Kpuia
JUTEPATYPA
[1] Iannucci L., (1998), "Bird-strike impact modeling, Seminar Foreign Object Impact and Energy Absorbing Structure",
London, England, pp. 11-29.
[2] Ugrci¢ 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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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

[1] Hedrih, (Stevanovic) Katica, (2001), Vector Method of the Heavy Rotor Kinetic Parameter Analysis and
Nonlinear Dynamics, University of Nis, Monograph, p.252 (In English), YU ISBN 86-7181-046-1.

[2] Katica (Stevanovic) Hedrih, Ljiljana Veljovic, (2013), New Vector Description of Kinetic Pressures on Shaft
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

[3] Ljiljana Veljovic, (2013), Nelinearne oscilacije giro-rotora, Doktorska disertacija, Nis, p.250
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AIICTPAKT

Mel)y oCHOBHMM [efoBMMa MallMHa POTOPH HMMajy BeoMa BEJIHWKM 3Hauaj. 3YIMYaHWIHM, BpaTWiIa W JIPYrd
MAIIMHCKU €JIEMEHTH KOjU POTHPAjy Cy BEOMa paclpoCTPamEeHH Yy MHAYCTPHjCKUM TPAHCMHUCHOHUM CHCTEMHMA,
TypOMHaMa, ayromaTckuM ypehajuma kao u OpomoBuma. Mako ce ocumiaTtopHa KpeTama T'MpO pOTOp MpoydaBajy
JIOCTa AYTo, OHA Cy M JJaHaC BeoMa aKTyelHa.

JIMHAaMUYKH MOJIETT POTOpa KOjU je MPE3CHTOBAH Y OBOM Pajy j€ TeKaK KPYTH €KCIEHTPUIHO MOCTABIbEH JMCK
Koju ce oOphe OKO oce IPeHOCHE POTalje KOHCTAHTHOM YraoHOM Op3uHOM. Bpatmio je yuspurheHo nexumruma.
VY panmy ce pa3marpajy ABa ciydaja: oca NPEHOCHE pOTallfje je BEpTHUKaJIHA JIOK je Oca COICTBEHE poTalje
XOpU30HTAJIHA M CJIyd4aj Kaja je oca NMPEHOCHE poTalyje HarHyTa IoJl YIJIOM (¥y OJHOCY Ha BepTHKaly. Y oba
ciydaja oce cy Meljycobom oproronaigae u Mmel)ycoOHO ce MUMOMITase.

JennaumHe Kperama Cy JNOOWjeHE NPUMEHOM BEKTOPCKE Meroje Oa3upaHe Ha BEKTOPHMMa MOMEHTa Mace
neduarcannx y 6pojanm pagosnma K. Xenpux. Cucrem nma aBa creneHa cino0ofie 1 jelaH CTeNeH TOKPETIbUBOCTH
ca jeZTHOM KMHEMaTHYKOM MOOYIOM, MPOrpaMUpaHOM yraoHOM Op3MHOM IPEHOCHOT KpeTama. 3a Tako JaeduHrcaH
cucreM J00MjeHa je HelrHeapHa qudepeHIjaiHa jeHa yHa.

3a mo3HaTe MOYETHE YCIOBE Kao M 3a 0fadpaHy MHTEPBAI JIAKO ce J00ujajy HyMepHikH pe3ynratu. Hymepuuka
aHaJIM3a U3BpIICHA je IpuMeHoM nporpamckor rmakera Math Cad u MATLAB.

VY pany je mpukazaHa cepuja Tpanchopmaimja (azHHX TpajeKTOpHja y 3aBHCHOCTH OJ yrila Harmba Tenma y
OJHOCY Ha OCY COIICTBEHE pOoTaluje.
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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
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Benuku 6poj npumepa, wirycTpanyja U3 Npupoje U UCTOpHje MalllMHA U MEXaHM3aMa IIPHKa3yjy 3yIT4aHuKe Kao
HEHCIPIHA W3BOP HCTPaKUBama y OOJIACTH NPHMEHEHE MEXaHHKE Y3 HMCTOBPEMEHY IPHMEHY Ppa3iIMIUTHX
MaTeMaTH4KAX MeToja. 300T CBOje CIOXKeHE TeOMETPHje U HaYMHA IIPEHOLICHha KpeTamka U CHare, 3yIr4acTi NapoBy
Cy peaJIHH CIOKEHH MEXaHMYKH CHCTEMM Ha KojuMa je Moryhe m3ydaBaTH BeIHMKH Opoj HeauHeapHHX (eHomMeHa
0JIBOjE€HO MJIM UCTOBPEMEHO (KOHTAKT MPOMEHJEUBE KPYTOCTH, BUOpaIyje, yaap, 3aMop MaTepHjaa).

Ipodun 3ybana 3ynmuannka Moxke ce (GOPMHpATH OJ] PA3IMUUTUX KPUBUX. Y HAjIIMPOj YHOTpeOW Hayaze ce
€BOJIBEHTHH 3YITYaHUIM — OHU KOJ KOjuX Ipo¢ui 3ydara mpeacTaBjba €BOJIBEHTY — KPHUBY JIMHH]Y KOja HAcTaje
KOTpJbameM 0e3 KiIM3arma IpaBe 1o Kpyry.

Pa3Bujame qUHAMHYKOT MOJIeNIa €BOJIBEHTHOT 3YIYacTOor Iapa W NpopadyH yTHIAjHUX Napamerapa, HEOMXOIHO
je Tpu m3y4aBamy CTaOWIHOCTH 3ymuaHuka [1]. Ommcanu cy OTUHAMHYKH MOJENIH KOjU €€ MOTY KOPHCTUTH 32
aHaJIM3y OCHWJIANMja 3yMYaHHKa, aJld caMo Kaja Cy IO3HaTe CB€ BPEMEHCKH IpPOMEHJbHBE BenmuuHe. Kpyroct u
pacmonena omnrepehema cy 300or Tora ompehumBaHu momohy moceOHO pPa3BHjEHOr MOjeTIa Y METOAM KOHAYHHUX
enemeHara. ITocebHa maxma je mocseheHa neduHKCamy METOMONOTH]e 3a oApeliBame BPEeMEHCKH NPOMEHIBHBE
KpYTOCTH cripere 3ymyacror napa [2]. Ilpukasana uctpaxkuBama Cy yCIEIaH CII0j pUMEHE HyMEPUYKHUX METO/a 32
onpehuBame nedOPMALMOHOI W HANOHCKOT CTamba W HYMEPUUYKHX HWTEPAaTHBHUX METO/la 3a pellaBame
mudepeHnrjaTHuX jeqHaurHa. JexaH KOHKpETaH 3yITYacTy nap je n3abpaH 3a HyMEpUYKHU IIPOpadyH 1 32 U3ydaBame
JMHAMHYKOT [TOHAIIAA.

HoBa meronmonoruja 3a aHanu3y JUHAMHYKOI IOHAINIAama 3YyMYacTHX IAapoBa NpPHKa3aHa je aJlrOPUTMOM KOjU
o0yxBara HOBE IOCTYyIIKE 3a Ipaheme OCHOBHMX KapakTepHcTHKa 3ymyanuka [3]. OcHOBHM yTHIAjHH (aKTOpH Ha
JMHAMHYKO MOHAIIAke EBOJIBEHTHUX IMJIMHIPUYHHX 3YITYaHUKA Cy HAeHTH(HKOBaHN 1 onncaHu. [loceOHa maxxma
nocsehena je u3ywaBamy yTumaja mHomepama mpodwmia Ha BuOpamuje 3ymyactor mapa. JluckyroBana je
KOMITapaTHBHA aHAJM3a CEpHje 3YIMYacTHX IapoBa ca PasIMdUTAM KOEe(HIMjEHTOM IoMepama NMpoduia y Iuiby
ycBajamba ONTHUMAJHOT Iapamerpa oOnmka 3ybama ca aclekTa CMamema aMIUINTyda BHOpamuja u moBehama
crabmiHocTy. CIIMYHa aHaIM3a NpUKas3aHa je U Kox rmopelema napamerapa AMHAMUYKOT ITOHAIIAkhA 3YITYACTOr apa
ca MpaBHM 3YIIIMa U 3yITYacTOr [apa ca KOCHM 3ylIuMa.
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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

MHOrd MOAEpPHM MaTepHjaid W MaTepHjalHM CHUCTEMH CYy CIJIOjEBUTH, OJHOCHO caJpXe HHTepdejc.
Wnrepdejc ce nepunmmie kao rpaHMyHa IMOBpIIMHA n3Mel)y nBa Marepujaia Koja MMa KapaKTEpHUCTHKE 00a
Matepujasia. MHTEpdejc je KapaKTepuCTHKa CIIOjEeBUTHX Marepujajia, Kao IITO Cy M HEXOMOTCHOCTH, 3a0CTalld
HAaIlOHM W JUCKOHTHHYUTET TEPMHUYKHX W EINaCTHYHUX KapakTepucTuka. CTPYKTypHE OCOOMHE CJIOjeBHTHX
MaTepHjajia ¥ CHCTEMa 3aBHCE yIpaBo ol MHTepdejca. MexaHuka joma uHTepdejca MOXKe 1a ce NMPUMEHH Ha
BeNUKU Opoj mpobieMa y BHIIEe 0OJIACTH Kao INTO CY: 3alITHUTHE IPEBJAKe, BUIIECIOJHH KOHICH3aTOPH, CHCTEMH
TaHAaK CJI0j/OCHOBA 32 €JIEKTPOHCKE MAKEeTe, PA3IMYNTH CTPYKTYPHH CIIOjEeBUTH KOMITO3UTH U JICTIJBEHH CIIOjE€BH.

Otrop stoMy uHTEpdejca 3aBUCH 0] MEILIOBUTOT MOZIa KOj! MPeACTaBba OJHOC CHJIa OTBapama U KIN3ama
ucrpe] Bpxa npenuHe. OHO ITO je KapaKTepUCTHYHO 3a MPCIMHY Ha MHTEpdejcy Y yCIIOBHMa MELIOBHTOI MOJA
onrepehema je na nmocroju Benaruka BepoBaTHoha na he mpcimHa 1a ckpeHe ca uHTepdejca y jenaH ox Marepujaia.
"Takmuueme" n3Mel)y ckperama M IMHMpema NPCIMHE AYX HHTEepdejca YKIbydyje >KHIaBOCT JIOMa Marepujaia U
XKWJIaBoCcT JioMa uHTepdejca. AKO IOCTOjU CKpeTame MNpCIMHE ca MHTepdejca, paBaHCKM 3aTeKyhuw HamoHH,
yciosuhe pecrabmimzanyjy uHTep(dejcHE NPCIMHE W HBEHO Jajbe CKpeTame y MaTepujasl ucron uHrepdejca u
yrasaBame on mera. C apyre crpaHe, paBaHCKM NMPUTHCKYjyhn HamoHu craOwinusyjy WHTEp(EjCHY NPCIHHY U
JIOBOJIE JI0 3aTBapama MpCiIuHE Koja je CKpeHya ca nHrepdejca.

[pcnuna koja ce npubimkaBa uHTEpdEjcy n3Mely JBa pasIMuuTa MaTeprjajia MOXKe J1a ce MOHaIIa TPOjaKo:
MOXeE Ja C€ 3ayCTaBM IPH KOHTAaKTy ca MHTepdejcoM (1a mpecTaHe Ja ce IIUpH); MOXKE J1a HACTABH Ja Ce IIUPH
npexo nHTepdejca wiM MoXxe 1a cKpeHe y uaTepdejc. Y oBoM cirydajy nopeau ce 6p3uHa ociobalama eHepruje 3a
CKpeTame npenrHe y nHrepgejc ca Op3uHoM ociobohama eHepruje 3a npejaxemne IpeKo HaTepdejca.

3aBucHO ox mpupozne onrtepehema KoMe je 3JI0KeHa KOMIIO3UTHA CTPYKTYpa, POIieC pa3apamba MOXe Ja ce
oIBHMja M IWHAMHYKH. AKO je mHTepdejc Beh ociaabibeH IOCTOjameM Tpellaka, OHE MOrY Ja MOCITyXe Kao
WHHIM]aTOPH TIPCIIMHE KOja MOXeE, IO/ OAroBapajyhnM OKOJIHOCTHMA, J1a polarupa HeCTabMIHO ayX HUHTepdejca.
TaxBe curyaryje 10Boze 10 noTpede aHanM3npama AMHAMAYKOT pacTa MpcirHe Ha nHTepdejcy.

VY crnojeBuMa On pa3IMYMTHX MaTepHjasia NMPHIMKOM MPOMEHE TeMIlepaType OKOJIMHE HACTajy TEPMUYKH
HAIIOHU Kao PE3yNITaT pa3iiuke y Koe(hHIMjeHTUMAa TOIUIOTHOT mupema. OB HANlOHM YCIIOBJbaBajy 110jaBy MPCIMHE
Ha uHTepdejcy. Kana ce oBa npcimna gopmupa, moKpeTayka cuiia pacta INpCIIHHE 3aBUCH OJf MHTEH3UTETa HAIlOHA Y
oba cnoja. ITokperauka cmima MHTEpdEjCHOT JIoMa y OBOM ciy4ajy je Op3uHa ocnobahama enepruje. Ilyrama
NIPCIIMHE j€ pasinunTa 3a Pa3IM4yuTe MpeBJIaKe ca pPa3IMdUTOM OTIOpHOImNY Ha JIOM, pasMuUTUM 330CTaJIIM
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 0B0j pany je mocTaB/beHA OPUTMHAIHA METOAOJIOTH]ja aHAJIM3€e JUHAMMKE jelHe Kilace BUOpOyJapHHUX CUCTEMa Ha
06a3u ocnmiaropa ca KpHUBOJIMHHUJCKMM IIyTarkaMa M CTAalMOHAPHUM HEWJCaJHMM Be3ama. [loueBmm of
MHTETPHUCaHNX TEOPHjCKMUX OCHOBA, KA0 KPO3 PAa3JIMUMTE BU3YEIN3allHje TOCTaBJbEHa je€ HOBA OCHOBA METOOJIOTHje
JIaKO NMPUMEHJbUBE 32 Jlajba HaydHa MCTPAXKMBAaa M HOBHX KJlaca BUOPOYAAapHUX IWHAMUKA, KaO M 33 NPUMEHE Y
WHKEHEPCKO] MPAKCH 33 aHAJIN3Y JMHAMHUKE PEaTHUX BUOPOYIapHUX CHCTEMA, YHja ariCTpakiyja BOAN Ka HEKOM O]
MIPOyYEHHUX Mojesa BHOpOoyJapHe AWHaMHKe. Mako je oBa METOHOJIOTHja, NPHKa3aHa KpO3 BHWIIE IPHMEpa, OHA
nobuja Ha 3HAYajy M Kao ajuropuraM, KOjH OJAaKIIaHO BOAM aHAJIM3M KHHETHUYKHX IlapaMerapa BHOpoyaapHe
JMHAMHKE CHCTeMa ca jeJHHM M BHIIE CTENEeHH CJ000je Kperama. Paja je HacTao Tako IITO Cy HEHH ayTOpH
W3/IBOjWJIM, CHCTEMAaTHU30BAJIM M YIIOTPEOWIN jelaH €0 HOBHUX ayTeHTHYHHX MCTPaXMBAUKHX PE3yaTara, 10 KOjHX
Cy JIOLUIA Yy CBOjUM HCTPaKMBAaUMa Y OKBUPY HAay4HO MCTPa)XMBAadyKWX Ipojekara (mpojekat OM144002 (2006-
2010) n npojexar OM174001 (2011-2016), u mpu Tome ce KOpUcTe HOBE HH(POPMATHUIKE TEXHOJOrHje (copTBEpCKH
anmati - mporpamMum u3 codrBepckux makera MathCad-a, MATLAB-a, Wolfram mathematica) 3a rpaduuky
BH3YyENN3alHjy BUOPOyIapHE TUHAMUKE.
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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

[pencraBibenHa je yrmopenHa aHaian3a TEPMHUYKOT M3BHjamba (QYHKIMOHAIHO TpaJifjeHTHE KBaJpaTHE U MPaBOyraoHe
wioye ca u 0e3 Bunxnep-Ilacrepnak Tuma emactuuHe momIore. MexXaHWYKe W TEpMHUYKE KapaKTEPHUCTHUKE
(YHKIIMOHAIHO TpaJIMjeHTHOT MaTepujasa, u3y3eB [loacoHoBOr Koe(HUIMjeHTa, MPETIOCTABIEEHO j€ Ja Ce MEHajy
KOHTHHYAJTHO Yy TpaBIly JIeOJpMHE IUIOUE Y CKJIaly ca 3aKOHOM KOjH IIpe[cTaBiba (YHKILHjY 3alIPEMHHCKOT yjerna
MeTaj/KepaMuKa KoHCTUTyeHata. Dopmynanyja jeHauMHa PAaBHOTEXE M CTAOWIIHOCTHM 3aCHUBA CE HAa CMHIAjHO]
nedopmanroHoj Teopuju BUIIET pefa ykibydyjyhu pasmmumt Tun QyHkuuje obnmka kao M BoH KapmanoB Tur
HEJIMHEapHOCTH Ca IJI0Ya-TIOJUIora MHTEPAKIMjOM U TEPMUYKAM e(deKToM. AHaJIWTH4YKa MeTona 3a oipehuBame
KPUTHUYHE TeMIlepaType M3BHjarba 3a yjeIHadeH IOpacT TeMIlepaType, JMHEapHH M HEJIMHEPaHW PacT y HpaBIly
ne0sprHe TI04e je pa3BujeH. Hymepnuku pesynrtatu cy nodujenn y coprepy Matnabd kopumhemeM KoMOHHAIH]jE
CUMOOJIMYKHX M HYMEPUUYKUX BPEAHOCTH. [IpencraBibeHM Cy YHOpEIHH PE3YATaTH 3a KPUTHYHY TeMIepaType
n3BHjama 3a pa3linuuTe TUIoBe (QyHKIHMje oOsimKka. TauHOCT mpencTaBibeHe GopMynalyje 1 JOOUjeHUX pe3ynrara
BepuduKoBaHa je mopehemeM ca pe3ynraTuMma JOCTYIHUM Yy JIUTEpaType. YTHIa] KPYTOCTH €IacTHYHE MOAJIOTE,
MHJIEKCA y/eNa MeTajl/KepaMHuKa KOHCTUTYeHaTa, Kao M TEMIIEpPaTypHOr I'pajidjeHTa Ha MEXaHHMYKH OJ[3UB IUIOYE je
JIMCKYTOBaH M N3HETH Cy OAroBapajyhn 3axspydry.
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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 penpoayKIHja 1 ajbe (hacHUHNpa UCTPAKMBAUE HE caMo 300T MexXaHn3aMa YKJbYUCHUX y HACTaHAK HOBE
jennnke Beh m 300r TMHAMMKE caMUX Mpolieca o/l KOjuX Cy HEKH jOIl YBEK HEJOBOJFHO ITpOydeHH. PenpoaykTiBHa
OrnomexaHnka oOyxBaTa IIMPOKY oOsact ox Mukpo (hemmjckor) 1o Makpo HHMBOa Kao M Pas3iIMUUTE XOPMOHCKE
OCLIMJIATOPHE Tpoliece KoJ jeAnHKH oba mona. CBaka ox ¢asza y mporecy penpoayKiuje je mocebaH n3a3oB 3a
OromMexaHW4Ko MozenoBame. C 003UpoM Ha crennpUIHOCTH NPUPOJIE MpoIieca cBake (a3e MPHUCTYIH Y PEIlaBamby
OrnoMexXaHWYKHX TIpobieMa cy pa3nnunTd. M3aBajamo moceOHe 00JacTH MCTPaKMBama: MEXAHUKY KpeTama
CIEepPMaTO300H 12, OMOMEXaHUKY KOHTAaKTa PENpOAYKTHBHUX hennja, OMOMEXaHUKY OIUIOAE HA MAaKpO HUBOY Koja
ca TOJIHAM Clieu(UIHOCTIMA, OMOMEXaHHUKY pacTa eMOpHOHa, OMOMEeXaHUKy KOHTpaKIHja yrepyca IpH 1mopohajy,
OroMexaHHKy TIpoJiacka IUIoAa Kpo3 IMopolajHe KaHayle, Mojele MaTONOIIKMX Mporeca Kao IITO je epeKIuIHA
muchynkija. CBaka o HaBEICHWX OOJACTH KOPHCTH Pa3IMYUTy METONOJOTUjy W IPHCTYIE: METOAY KOHAYHHX
eJIeTMEeHaTa, METOMY IMCKPETHOI KOHTHHYYMa, TEOpHjy OCILWIAllMja y JIaHYaHHUM CHCTEMHMA, METOJOJIOIIKH
MIPUCTYTT CTPYKTypHE MEXaHWKE M MeEXaHuke (Iiymaa, TEOpHjy Xaoca, MEpemha aTOMCKHX CHJIa IOCPEICTBOM
MHUKpPOCKOIIa, TEOPHjy OTIOPHHX CHJIa, METOAY HWHTepakuuje (Iyuaa ¥ 4YBPCTOr Tejla 3aCHOBAHE Ha METOMAN
TPaHWYHUX €JEeMEHaTa W JpyrMM KOMOWHanujamMa HaydyHHX Merofa. buhe yKpaTko H3JIOKEHH pPa3IuduTH
METOJIOJIOIIKK MPUCTYIIN HAaBEIACHUX OMOMEXaHMUYKMX (DEHOMEHAa Yy pENpORYKTUBHOj MEIUNMHH Kao M HOB
WHOBATUBHM TIPHUCTYI 3a AWHAMUKY CIIEpMHOreHe3e- TpaHchopMmalyja oOJNnMKa CIIEpMaTo300Maa y MpoLecy
ca3peBama.
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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

Ogpze he Outn nprKa3zaHU HEJABHU PE3YJITATH U3 00JACTH aHAJIM3€ OCLMIAIMja U CTAOMIHOCTH HAHOCTPYKTYpa
Kao IITO Cy HAHOIITAIIOBH, HAHOrpee U HaHomtode. CHCTEMH ca jeTHOM HJIM BHIIIE HAHOCTPYKTYpa Koje ce Hajla3e
Y CPEIMHH Ca eaCTUYHUM/BHCKOCIACTUYHUM CBOjCTBHMA, MOJEIUPAHN Cy IPUMEHOM KOHCTUTYTHBHUX peENaliyja
HEJIOKaJHE EJIACTUYHOCTH M BHCKOJACTUYHOCTH W OJAroBapajyhnx mosba IoMepama M JIMHEApHUX Be3a m3Mehy
nedopmanyja 1 moMepama. JeqHaunHe Kperama cHCTeMa Cy U3BeneHe npruMeHoM JlamamOepoBOr NpHHIMIA U
npuKasaHe y (yHKOMjU ToMepama M oxaroapajyhmx mapamerapa cucrema. YTHI@jU HEJIOKAIHOI Iapamerpa,
mapaMeTapa €JIacTHYHE/BHUCKOENACTUYHE CPEAUHE M KPYTOCTH WIM CTPYKTYPHOI MpUTYIIEHa Ha IPUPOIHE
(peKBeHIyje crucTeMa WM BPEMEHCKH O/I3MB CHCTEMA NPHKA3aH! Cy HAa HEKOJIMKO HYMEPHUYKHX ITpHUMepa.

2 HEJIOKAJIHU MOJEJIM HAHOCTPYKTYPA

HanocTpykType Kao mITO Cy HaHOIITAINIOBH, HAHOTPENE M HAHOIUIOUE Cy LIMPOKO NPUMEHEHU Y CAaBPEMEHHUM
HaHO-EJIEKTPOMEXaHWYKMM, HAHO-ONTOMEXaHWYKMM M JpyruM HaHo ypehajuma. Iloremkohe y wu3Bohemy
eKCIIepUMeHaTa Ha HaHO CKaJIM M OTpaHWYera aTOMHUCTHUKMX METOJa CHMYJalMje Ha CHCTEME ca MamuM OpojeM
aToMa JIOBOJC Y NPBH IUIaH KOHTHHYYM METOJIE M IbMXOBE MOAM(HKALMjE Y CBPXY aHAJIN3E CIOKEHHX CHCTEMa
HaHOCTpYKTypa. HemokanHa Teopuja enacruanocty Epunrena [1] je Moxudukamuja KiaciyHe KOHTHHYYM TeopHje
TJIe je OCHOBHA IIPETIOCTAaBKA Jja HANOH Y HEKOj Tauku Tejla HUje QyHKuWja aedopMmalyje caMo y Toj Taukd Beh
3aBHCH M 0f JeopMmanyje y CBUM OCTaJMM Taykama Tor Tena. KacHuje je Ta TeopHja ImpUMeEmEeHa 3a aHAIN3y
ocuyianyja ¥ CTaOMIHOCTH CIIOKEHUX CHCTEMa HAaHOCTPYKTYpa Kao M HAHOCTPYKTypa IOA YTHIAjeM MarHeTHOT
win temrepaTtypHor nossa [2]. One he Outn cymupaHu HeJaBHM pe3ynTaTu y oOJIACTH aHANIM3€ OCLIandja u
CTaOMIIHOCTH CIIOKEHUX CHCTEMa HaHOIITAIlOBa, HaHOTrpeda M HaHomuiowa [2, 3]. Cucremu ca jeIHMM WIN BHUIIE
€JIaCTUYHO/BUCKOETIACTUYHO CIIPErHYTUX HAaHOCTPYKTYpa KOje MPECTaBibajy CUCTEME YIJbEHHYHNX HAHOLEBH WU
rpadeHa y HeKOj MOJIMMEPHO] CPEAWHHU MOEIMPAaHE Cy IPUMEHOM TEOpHje HEIOKAJIHE EIACTUYHOCTH M KIIACHYHE
win (ppakIHoOHE BHCKOEIACTHYHOCTH W OJroBapajyhnx Teopuja rpena u Iuioda. JenHauyMHE KpeTama CUCTEMa Cy
n3BezeHe puMeHoM JlamaMOepoBor MpUHIMIA U IpUKa3aHe y GpyHKIMju nomepama 1 oaroBapajyhnx napamerapa
cucremMa. Bammpanuja pesyrata W yTHIAjU HEJNOKAJHOT Iapamerpa, Iapamerapa elacTHYHE/BHCKOEIACTHYHE
CpeiMHE M OCTalluX Ilapamerapa CucTeMa Ha (peKBEeHIHMje WM BPEMEHCKH OJI3MB CHCTEMa IPHKa3aHH Cy Ha
HEKOJINKO HyMEPUUKUX IPHMeEpa.
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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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K.rby'me peuun: CTaOWIHOCT HAa KOHAYHOM BPEMCHCKOM HHTCpPBAJY, KOHTI/IHyaJ'IHI/I CUCTCMH Ca NPUCYTHUM
HCO,HpeheHOCTI/IMa, Cucremu ca BPCMCHCKU-TIPOMCHJbUBUM KAllILCHCM, HHHeapHe MaTpU4HC HejeﬂHa‘lI/IHe.

AIICTPAKT

Behnna nocrojehe snmreparype, koja ce 0aBM NpoydyaBameM CTaOMIHOCTH cHcTeMa, Kopuctu JbamyHoBY
aCHMIITOTCKY CTaOWIHOCT JeUHHCaHy Ha OECKOHAa4YHOM BpEeMEHCKOM HHTepBaiy. OBaj KOHLENT CTaOMIHOCTH
YECTO je HEe0BOJbAH 3a MPAKTUYHY MPHMEHY, jep MmocToje oxpeheHn peasHn CUCTEMH 4Hje IPOMEHJBUBE CTama y
TIPEeJIa3HOM PEeXUMY He cMejy 1a npely onpelene rpanune, mpy yHarpesa 3a1aToj TOpHOj IPaHHIM TOYETHUX YCIOBa
cucreMa. Y TaKBUM CITydajeBUMa YBOJHM C€ KOHIETIT CTAOMIIHOCTH HAa KOHAYHOM BpeMeHCKoM uHTepBany (SKVI). ¥
TIOCIIE/I-€ BpEMeE, OBaj KOHLIENT CTAOWIIHOCTH Ce IIPUMEbYje Ha pa3lIMuuTe KJIace CHCTeMa Kao IITO Cy: HeTMHEapHU
CHCTEMH, CHUCTEMHM Ca IlapaMeTapcKuM HeoipeleHOCTHMa, CHCTeMHM HEYpOHCKHX Mpexa, (a3sd CHCTEMH |
MIPEKUIa91 CUCTEMH.

BpemeHcko Kammeme, Koje ce YeCTO I0jaBJbyje Y PasIMuUTHM TEXHHYKUM CHCTEMHMa (XEMHJCKH CHCTEMH,
SJICKTPUYHE MPEKE, BEIMKH CHCTEMH, CHCTEMH ca IYI'MM IPEHOCHHWM JIMHHjaMa), MO)Xe OWTH HW3BOp JIOIIE
neppopmance n HecrabminHOocTH cucrtema. Konment SKVI ce Moxe mpuMeHHTH M Ha OBY Kiacy CHCTEMa ca
KallbemeM. YecTo, y MHOTUM IIPaKTUYHUM CHCTEMHMa BPEMEHCKO Kalllberhe HUje KOHCTAHTHO Beh BpeMEeHCKH
TIPOMEHJBUBO.

Jpyrn BakaH H3BOp Jomie nepdopMaHce CHUCTEMa jecy HEIHHeapHe IeprypOaryje MW IapaMeTapcke
HeozapeheHoctn y cucremy. IIpema Hammm caszHamuma, npotsem SKVI 3a momenyry kiacy cucrema HHjE y
JIOBOJBHO] MEpH MCHHUTHBAH 10 cajxa. 300r Tora cMo, y OBOM pajy, IpOoMMpwIn nocrojehe pesynrare NpuMEeHOM
koHuenta SKVI Ha kiacy cucrema ca BpEeMEHCKH HPOMEHJBMBHM KalllFbelheM M NPUCYTHUM HEIMHEapHUM
neprypOanjamMa U mapamerapckuMm Heoapehenoctuma. Jlompunoc pana je ciepehn. Y mmiby mocTu3ama Mambe
KOH3EPBAaTHUBHUX pE3yJTarTa, IPEJIoKEHa je HOBa HHTErpajHa KBaJApaTHA HEjeJHAKOCT Ca EKCIIOHEHIWjaIHOM
¢ynxmmjom (KNEF) 1 npumemena je Ha pazmatpany kiacy cucrema. Kopucrehn ¢pynkumonan cnuuan JbamryHos-
Kpacoscku ¢ynkimonany ca ekcrioneniujaitaoM ¢yaknujom (LKFEF), KNEF n nponene LKFEF 3a nouernn u
TeKyhn TpeHyTak BpeMeHa, JOOHjeHHM Cy HOBH KPUTEPHUjyMH CTAaOWIHOCTH y OOJNHKY JIMHEAPHUX MaTpPHIHUX
HEjeHAKOCTH, KOjU Cy Mame KOH3epBaTHBHH y mnopehemy ca nocrojehum kpurepujymnma [1], [2], [3]. Konauno,
noMohy HyMepHUYKHX IIpUMepa, JEMOHCTPUpPaHa je IIPUMEHJbUBOCT U3BEICHUX pe3yJiTara.

PE®EPEHIE

[1] Stojanovic, S.B., Debeljkovic, D.Lj. and Antic, D.S. (2013), “Robust finite-time stability and stabilization of
linear uncertain time-delay systems®, Asian J. Control 15 (5), pp. 1548-1554.

[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.

32



M ,
70 roquna paga Matematnakor nHcTUTYTa CAHY
Mini-symposium “Non-Linear Dynamics™
roavHA

MATEMATUSKOT Matematnakn HHCTATYT CAHY u TIpojexkat OH174001, Beorpan, 25 maj 2016

WHCTUTYTA CAHY

CABLE SUSPENDED PARALLEL ROBOT AS A NONLINEAR MECHANISM
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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.

[ NS B O R S
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CAXETAK
OBaj pan ce 0aBU pa3BoOjeM U MOJCIHPAakeM KMHEMaTHKe M JUHAMUKe KaOloBCKH BoheHmx cucrema (Cable-Suspended
Parallel Robot - CPR cucrem). Y oBoM pany je mpencraBibeHo BHIne HOBHX THIOBH Cable-suspended Parallel Robot -
CPR xoHCTpykimja. CBaKM HOBH [H3ajH 3aXTeBa CTYAHO3aH NPUCTYI H NpENO3HaBame KapaKTEPHCTUIHHX (peHOMeHa
koju Tpeba nma Oyny AeUHHCAHH TOKOM IIpolleca MaTeMaTHYKor Mmopenupama. Ocobmue koje kapakrepuiry CPR
CTPYKType MOTy OWTH rpynucaHe Ha caenehn HaumH: 1. 0OIHK pagHOT IpocTopa (paBaHCKH, IPOCTOPHU (pa3HU OOJIHIIH)),
2. 6poj MotTopa, 3. Opoj Tauaka Bemama, 4. yKymaH Opoj kabioBa koju ce kopucrte 3a m3paxy CPR cucrema, 5. 6poj
ka010Ba KOjU IOBE3Y]jy TauKe Off HOcaya TepeTa JI0 Tauaka Bellama,
6. TPAaHCIIATOPHH MM POTAIIMOHH MOTOP, TPAHCIATOPHH MOTOpH Helie OMTH aHAIM3MPaHM y OBOM pafy, AOK POTalOHU
MOTOpPH MOTY J1a pajie Ha ciuenehu HaunH:

X MOTOp HaMOTaBa WJIKM OAMOTaBa YK€ €Ca UCTC CTPAaHE,

% ca jez[He CTpaHC MOTOP HaMOTaBa Y>X€ JOK Ca ApYyre CTpaHe OAMOTaBa yxKe,

% MOTOp HaMOTaBa WM OJJMOTaBa JIBa Y)KeTa ca UCTE CTPaHe.

CBaxka 071 OBHX KapaKTepHCTHKA pa3nuunto yrude Ha om3uB CPR cucrema. ['eomerepujcka Besa n3mely kperama
MOTOpa M HOCada KaMmepe je BeoMa ONTHa 3a (opMupame KHHEMAaTHYKOT U TMHAMHUYKOT Mojena cucTeMa. MareMaTHIKu
Mozien (KHHEMAaTHIKH W JUHAMHYKH) je Je(hHHICAaH Kao TeHepallHo pellemhe. AKO ce MPETIIOCTaBU Ja Cy CBH IapaMeTpu
pa3MaTpaHHX CHCTeMa WISHTHYHH Taja je yIopeAHa aHaIM3a Hpe[CTaBJbCHHX CHCTeMa olakmaHa. EBmmeHTHO je ma
n300p xoHcTpyKnuje CPR cucrema 3Ha4ajHO yTHUE HAa O3UB CHCTEMA.

Vkazyje ce Ha NMPEAHOCTH HOBUX KOHCTPYKIHMja y OJHOCY Ha 10 caja ITyONMKOBaHA pellema. Pa3Boj oBHX
CHCTEMA Jaje MIMPOKY MOTyiHOCT BHXOBE IIPHIMEHE Y Pa3HOPOAHHMM 00TACTHMA JbYACKE AEITAaTHOCTHU:

1. Hagrnmename W CHHMAamke PAgHOT HPOCTOpA 3a pajIMuuTe HaMmeHe: oOes0cheme M HaamIename pagHoT

pocTopa,
2. cHUMame W mpalielhe MacoBHHX CHOPTCKUX ((pymdaickuxX, XOKEjacKHX, TEHHCKUX, ..) H KYJITYypHUX
MaHupecTanyja,

3. Ha/[30p ¥ TIOMOR JIenH, CTapyiM 1 XCHINKENHPaHuM ocobaMma,

4. HaBOAM-aBabE y CTAKJICHHUINMA, IITACTCHUIINMA M OTBOPEHHM IUIAHTaXKaMa, I1a CBE JI0

5. mpuMeHe 3a 6e30eJHOCHE, MONNIN]CKEe U BOjHE HAMEHE.

VY oBOM pajy nprKasyjeMo Iperielil MeTola MOeNIpamka pa3sInIuTiX KoHCTpyknuja [{adme - Suspended Parallel Robots
— CPR cucrema.

Jocamanmsn pe3ylaTraTH HcTpaxuBama Ha mpojekty CPR cucrema ox mouerxka 2011, BepudmkoBaHm Cy Ha
MmehyHapomHoj ® nomahoj HaydHO-CTPYYHO] CIEHHM ITyONMKOBameM HH3a pajgoBa: 4 pajga IyOIMKOBaHA Y
MHTEepHAOHAIHUM Jaconrcuma ca SI mmcte, 18 pamoBa myOnrKkoBaHNX Ha HHTEPHAIIMOHATHAM KOH(epeHIjama, 1 pax
IO MTO3UBY ITyONMKOBaH HAa MHTEPHAIMOHATHO] KOH(peEpeHINjH, 3 paja ImyonnkoBaHa y goMahuM gacommcuma, 7 panosa
myOnukoBaHNX Ha poMahmM koH(pepeHmmjama, 10 TeXHMYKHMX pellema (IPOrpaMcKHX Iakera). bpoj m kamurer
ITyOJIMKOBAaHNUX pajioBa y obmactu pa3Boja CPR cucrema My y Ipmiior akTyeTHOCTH TeMe H Y OJHOCY Ha YHISCHHUITY Ja
0Ba TEXHOJIOTHja HUje [0 caja pa3BujaHa y CpOuju a Takohe HI y 3eMIbaMa y OKPYKEmbY.

34



M ,
70 roquna paga Matematnakor nHcTUTYTa CAHY
Mini-symposium “Non-Linear Dynamics™
TOMMHA

paTewATAYKOT Matematiukn HECTHTYT CAHY u IIpojekat OH174001, Beorpan, 25 maj 2016

Mihailo Petrovi¢ (6 May 1868-8 June 1943)

\i
S IYTOCTIAR

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

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:
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"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 es 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 Petrovi¢ 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 Cviji¢
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
Petrovié'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 title: "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 fo time appear in current scientific
publications. These cited Petrovi¢'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 (''EnemeHTtata matematuuke eHomeHosornje'" [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
Milankovi¢ (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 fransformation 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 conseguences. This
subsection is very important for new quality that Petrovi¢ 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: Ilustration of Mihailo Petrovié in'rer‘disciplinry research results.
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Fundamental Research (2011-2016)

70 roquna paga Matematnakor nHcTUTYTa CAHY
Mini-symposium “Non-Linear Dynamics™

Marematnuku HHCTHTYT CAHY u TIpojekat OH 174001, 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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Mini-symposium “Non-Linear Dynamics™
Matematnakn HHCTATYT CAHY u TIpojexkat OH174001, Beorpan, 25 maj 2016

MATEMATUNKOT
WHCTUTYTA CAHY

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¢

Ugr¢i¢ Marinko
Stevan Maskimovi¢
Dusan Mikici¢
Katarina
Maksimovi¢

Tamara Nestorovic-
Trajkov

Porde Musicki
Marinko Ugrc¢ié
Julka Knezevic-
Miljanovi¢

Marija Miki¢
Milutin Marjanov
Radoslav Radulovié¢

Dragutin
Debeljkovi¢

Nebojsa
Dimitrijevi¢
Natasa TriSovic¢
Dragomir Zekovié¢
Goran Simeunovié¢
Ilija 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$ Jovanovié¢

Tomislav Petrovi¢
Julijana Simonovié¢

Jelena Veljkovi¢-
DBokovi¢

Sreten Stojanovié¢
Andelka Hedrih

Vera Nikoli¢-
Stanojevi¢

Srdan Jovié

Ivica Camagié¢
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 ronuHa pana MaTtematuakor uacTHTYTa CAHY
Mini-symposium “Non-Linear Dynamics™

Matematnakn HHCTATYT CAHY u TIpojexkat OH174001, Beorpan, 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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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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Yugoslav Conference on
Deterministic and Stochastic Processes in Dynamical Systems with
Applications Nis 1991

Invited Lecturer: Professor Willem Nash from MTI Massachusets (Nonlinear Mechanics-Editor)
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Dr. Bilimovié Anton Dr. Kasanin Radivoj Dr. Gavrilovi¢ Bogdan Dr. Milank}vié Milutin
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