OupekTopy Matematuukor nHctutyta CAHY
Mpodp. ap 3opaHy OrwaHoBuhy
HayyHom Behy MaTtematnukor uHctutyta CAHY
akagemuky [lparowy LiBeTkoBuhy

CTpyuHu usBewTaj
o yyewhy y HayuHOM cKyny
The 24th International Congress of Theoretical and Applied Mechanics (ICTAM 2016, held in
Montreal, Canada, from 21 to 26 August, 2016. ¥ opranm3aunuju MHTepHanuoHa/IHE yHHje

Teopujcke n npumemeHe mexanuke (IUTAM)
Please visit the ICTAM 2016 Web Site. http://www.ictam2016.org/

Y pagy osor KoHrpeca yyecTBoBana CaM Ca KpPaTKOM OpPanHOM KOMYHUKALWjOM Yy BENUKOj
KOHTPECHO] Ca/fn KOjUM CcaM MpMKasana OCHOBHE HayuHe pesyntate paja W KacHuje npatehom
npeseHTaLMOM Ha noctepy paau objawrauarba AeTpTasba 3aMHTEPECOBAHMM YyYeCHUUMMA, KOjux je
6uno sehum 6poj.

Ceojum y4ewhem cam cmasuna Ha ysud WUpPOj HAYYHOj jaBHOCMU MOj OpU2UHAAHU OOMPUHOC
npowupery KaacuyHe meopuje cyoapa 00npuUHOCOM KUHEMAMUKOM U OUHAMUKOM UEHMPAsaHUX U Kocux
cyoapa Kpymux mesa y KompsoQby. Yeena cam xunomesy 0 KOH3epsayuju cyme MOMeHamMa Kosau4yuHe
Kpemarba (MoMeHama umMnysca) Kpymux mena y Kompsoary nocae cyoapa y 00HOCY HO KUHEeMUYKO
cmarbe rpe cyoapa, Ha nomohy ucme ysesna Hosy OeghuHuUyujy KoeguyujeHma cyoapa (pecmuyumyyuje)
nomohy yeaoHux 6p3uHa Kompsearba 084 KPyma mesa y Kompsroarby npe u nodsae cyoapa. Takohe cam
npuKkasana u HosoussedeHe u3pase 3a 00710a3He yedoHe bp3uHe Kompseama mena nocne cyoapa. o
osux pe3ynmama cam Oowna uHcnupucaHa meonpujom Muxauna [lemposuya "EnemeHmu
mamemamuyke peHomeHonozujeh u "PeHoMeHo0WKO npecaukasare', a 3amum pesyamame u3ssend,
nposepuna u nomepouna enemeHmapHum npucmynom. Mopucmehu 080 npowupere Kaacu4yHe
meopuje cydapa, KosUM OOMPUHOCUMA KUHEMAMUKOM U OUHAMUKOM cydapa, rnocmasusaa cam
mMmemooosnozujy u3lyvyasara OUHAMUKe 8UbpoydapHUX cuCmema Koju cadpice mesna y Kompsroarby U
CYKYecusHuUm cyoapuma ucmux, U noKasana geHomeHe subpoydapHe OUHAMUKe y a3HOj pasHU HaA
ha3HUM nompemuma U nNOPMPEmMuUMa KpUsUX KOHCMAHMHe yHyrnHe MexXaHU4YKe eHepauje cucmema, Ha
Yemupu npumepa subpoydapHuUx cucmema.

O4eKkyjem 0a 08U MOjUu HOBU U OpU2UHAAHU pe3ynmamu 006ujy y HapedOHOM nepuody wupy
npumeHy y u3sy4yasarby OUHAMUKE, HesUHeapHUX U OUCKYHMUHYAsAHUX ¢heHOMeHa, Koju ce jassbajy y
UHMHCEHEPCKUM CUCMeMUMa ca Kompseajyhum O0enosuma u enemeHmMuUmMa Koju ce cyoapajy y npoyecy
pada u hyHKYUOHUCAHA..

KpaTKku ABOCTPAHMYHM YNaHAK, Kao U YynaHcm ceux 2000 yyecHMKa cy Nnyb6IMKOBAHU eNeKTPOHCKM,
Ha noptany MLUTAM MoHTpean 2016, je ca cegehom 6ubnmorpadpckmm nogaumma n HaCNOBOM:

Hedrih (Stevanovi¢ ) Katica, (2016), Vibro-impact dynamics in systems with trigger of coupled three
singular points: Collision of two rolling bodies, The 24th International Congress of Theoretical and
Applied Mechanics (ICTAM 2016), Montreal, Canada, 21 - 26 August, 2016, Book of Papers, pp. 212 -213.
IUTAM permanent site. ISBN: NR16-127/2016E-EPUB; Catalogue Number: 978-0-660-05459-9

[Tocne oapskaHOT KpaTKOT HM3iarama, y3 moctep, on Beher Opoja 3amHTEpecoBaHUX
y4eCHHUKa, MOCTaBJbaHa Cy MM IHUTama, Ha KOja caM, ca 3aJ0BOJHCTBOM OJIrOBapalia H



JaBasia UcupnHa objammema. W mocne, Tokom nayza Konrpeca 6mo je Behu 6poj mmaax
3aMHTEPECOBAHMX 32 HAYYHE KOMYHKaIHje ca MHOM, Kao U 3a pa3roBOpe.

Wwmajyhu y Buay na cam ydecTBOBaJa y JHCKOcHjaMa o Behem Opojy caommTema,
Kao W JaBajia KOMEHTape M Hay4YHe MH(POpMAIHje U WHCTPYKIIMjE, y Pa3HUM CEKIMjaMa,
jeman Opoj yuecHuka u muahe, Kao W cTapuje TeHepaluje, U3pa3uo je MHTEPEeCOBaAmkEe 3a
capaamy, 300T MIUPUHNA MOJUX 3amba KOja CEeM YJIOKWIYA Y HAyYHU pajl MOjeInHX CEKIHja
Konrpeca. Komenrap je Ouo, m HuUBOa oreHa, na cy Ha KoHrpecmma perko cperanu
HayYHHUKE TaKO IIMPOKHUX 3Hama M BuAuka. HapaBHO, TO je Hajiermniie, mTo je1aH yIeCHUK
Ceercjur koHrpeca Teopujcke ¥ TpPHUMEHEHE MEXaHWKE Cca BEIHKUM OpojemM
UCTPAXUBAYKUX U CIEIHjaJTU30BAHUX OOJACTH MEXaHHMKE, MOXKE Jla JOKUBU O]l CBOjUX
caBpeeHuka. Jlemora HayyHHX eMonuja, u cehame Ha M3Yy3eTHY KIETHjaIHy MaXmby KOjy
caM OBJE JOXKMBEJIa M OJf CaCBUM MJAJuX HCTpaXuBaya, Ka0 M OHHUX KOjU Cy Y
MOOJMAaKIUM TOJIMHAMa TPEJICTaBJba 32 MEHE M3Yy3e€THY €HEpPIHjy KOjy caM ca U ca OBOT
cBeTckor koH(ppeca gonena y CpOujy, rie je TemKo J0OUTH 1 HajMamky IMOXBAIY O]l CBOjJUX
KOJIeTa U MIPHU3HAKE 32 JOCTUTHYTE CTBapajauke U HayyHe pe3ynrarte!

[To no3uBy npencennnka ICTAM Montreal 2016, npodecopa H. ®nopuana, Ouia
caM IOCT Ha KOKTeJly KaHAJCKUX ydyecHHKa KoHrpeca u Tamo caM yno3Haja JMPeKTOPKY
Natural Science and Engineering Research Council of Canada, Ilameay Moc,, koja je
U3pa3uiia ’KeJby J1a ce OCTBAPH capaama ca MuHucrapcrsom Hayke y Cpouju.

He Mory a na He HamoMeHeM y OBOM H3BEIITAjy, /a caM y4ecTBOBaia y cienehum
nperxoaHuM cBeTckuM konrpecuma |ICTAM Haifa 1992, ICTAM Warsaw 2004, ICTAM
Adelaide 2008 (15 munyTHO cekuujcko npegasare), ICTAM Beijing 2012, | ICTAM Montreal
2016, u organiyaciji HWurepHanmonanHe yHuje TeopHwjcke W TPUMEHEHE MEXaHUKE
((IUTAM). Hanomuwem pa je cenekuyuja pagosa Beoma CTpora u Aa ce no CTaTUOCTUYKMM nogaumma y
nepuoay op, nperxogHux 30 roanHa oa6buja oko 30% NnogHETUX U NpUujaB/beHUX pagoBa. To 3Hauu Aa cy
MOjU Hay4yHU pe3ynTaTu ouereHU [06po M NpeacTaB/bajy y AyKem nepuoay aonpuHoc Teopujckoj u
npumMmereHoj MexaHULMM Koju je yrpaheH y HayuyHe nporpame oBUX MNeT CBETCKUX KOHrpeca Teopujcke
M NpuMerbeHe MeXaHUKe , KOju ce 0Ap)KaBajy CBake YeTBpTe roauHe.

U3 Cpbuje y nocnearsux ocam roguna, y osum |CTAM — konrpecuma, nocne crpore cenekumje
pagoBa, y nporpame cy 6unu yspwheHu, nopeg mojux pagoHa, camo PajoBM UCTpaXkKuBauya ca
npojeKata KoopauHupaHux y Marematnukom nHctutyt CAHY, a Kojuma cam pyKkoBoauna y npeTxogHom
n Tekyhem npojeKTHOM LMKAycuma: A TO Cy pagoBM UCTpaxKuBaya: ap JynmjaHe CumoHoBuh (KTasko

usnarare u nocrep Ha | CTAM Adelaide 2008), np Auhpaka Xeapux (15 muHyTHO ceKkumjcko
npepasarbe y ceKumju auHammka 6uocuctema Ha | CTAM Beljing 2012, krasko usnarare u nocrep

wal ICTAM Montreal 2016).

Opranuzanuja Kondepenmnuje je 6una nobpa, npenaBama u caorncrema 200 yuecHHKa Ha
BHCOKOM Hay4yHOM HHMBOY. Ha 0B0j xoHpepenuuju je 6uno Behu Opoj miaaux ydeCHHUKA HETro
paHMjuX TOJMHA, IITO MOCEOHO paidyje.

C moIToBameM,

Vbt T

VY beorpany, 12 okrobpa 2016. KaticaR. (Stevanovi¢) Hedrih
PykoBoaunar mpojekra OM174001
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It is indeed a pleasure and an honour for me to finally welcome you, my colleagues, to
Canada and to the fantastic city of Montreal. ICTAM 2016 has taken years of planning and
countless hours of work by an entire community. Collectively, we have built a program
that | trust you will find both scientifically stimulating and personally rewarding as we
explore our field’s latest developments with old friends and new contacts. When this
Congress is over, | hope that we will all return to our labs with even greater momentum
fueling our efforts into the future.

While there are too many individuals to name, | would like to highlight the contributions
of several groups: the IUTAM Congress Committee, the International Papers Committee,
the Session Chairs and the National Committee reviewers whose dedication has resulted
in the program | am proud to present to you today; the National Research Council of
Canada, which has acted as our partner in the local management of this congress;
all our sponsors and exhibitors and in particular our Gold Sponsor, Virginia Tech’s oliBlaEl s

i A i i i . ! President, 24" International
Department of Biomedical Engineering and Mechanics; and finally the volunteers whose  congress of Theoretical and
participation contributes so much behind the scenes. | thank each and every one of you, Applied Mechanics
and wish you a productive and pleasurable Congress.

Executive Committee of the IUTAM Congress Committee / Comité exécutif du congres de I'lUTAM

Prof. J.M. (Maciej) Floryan, (President of the ICTAM 2016 Congress), Western University, London, Canada

Prof. V. (Viggo) Tvergaard, (President of IUTAM), Technical University of Denmark, Department of Mechanical Engineering,
Lyngby, Denmark

Prof. R.M. (Robert) McMeeking, (Secretary of the IUTAM Congress Committee), Department of Mechanical and Environmental Engineering,
University of California, Santa Barbara, USA

Prof. D.H. (Dick) van Gampen, Eindhoven University of Technology, Department of Mechanical Engineering, Eindhoven, Netherlands

Prof. B. (Bruno) Eckhardt, Department of Physics, Philipps-Universitat, Marburg, Germany

Prof. J. (Jacques) Magnaudet, Institut de Mécanique des Fluides de Toulouse, Toulouse, France

Prof. G. (Gabor) Stepan, Faculty of Mechanical Engineering, Budapest University of Technology and Economics, Budapest, Hungary

IUTAM Members of the Congress Committee / Membres du Comité du congrés de 'lUTAM

Prof. L. (Leslie) Banks-Sills (Israel) Prof. N.K. (Narinder) Gupta (India) Prof. R.M. (Robert) McMeeking (USA)
Prof. D. (Davide) Bigoni (Italy) Prof. G. (GertJan) van Heijst (Netherlands) Prof. S. (Sanjay) Mittal (India)

Prof. D.H. (Dick) van Campen (Netherlands) Prof. P. (Patrick) Huerre (France) Prof. R. (Renzo) Piva (Italy)

Prof. R. (Renato) Cotta (Brazil) Prof. Y. (Yukio) Kaneda (Japan) Prof. K. (Krishnaswamy) Ravi-Chandar (USA)
Prof. F. (Frederic) Dias (France) Prof. A. (Ann) Karagozian (USA) Prof. E. (Eric) Shagfeh (USA)

Prof. P. (Peter) Eberhard (Germany) Prof. D. (Djimedo) Kondo (France) Prof. G. (Gabor) Stépan (Hungary)
Prof. B. (Bruno) Eckhardt (Germany) Prof. P. (Paul) Linden (UK) Prof. H. (Howard) Stone (USA)

Prof. H. (Horacio) Espinosa (USA) Prof. T. (Tianjian) Lu (China) Prof. K. (Kazuo) Tanishita (Japan)
Prof. J.M. (Maciej) Floryan (Canada) Prof. J. (Jacques) Magnaudet (France) Prof. V. (Viggo) Tvergaard (Denmark)
Prof. H. (Huajian) Gao (USA) Prof. N. (Nicos) Makris (Greece) Prof. J. (Jens) Walther (Denmark)
Prof. M. (Michael) Gilchrist (Ireland) Prof. V. (Valery) Matveenko (Russia) Prof. J. (Jianxiang) Wang (China)

g

AV Preview Room

i B
VIGER FOYER :

1




Mini-Symposia
MSo01 Bypass Transition MSo04 Nonlinear Dynamics of Engineering Systems
Co-chairs: Bruno Eckhardt, Michael Graham Co-chairs: Giuseppe Rega, Dick van Campen
MSoz Fluid Active Matter MSo05 Soft Solid Active Matter
Co-chairs: William Durham, Federico Toschi Co-chairs: Vikram Deshpande, Zhigang Suo
MS03 Multiphase Flow in the Processing Industry MS06 Topology Optimization
Co-chairs: Patrick Anderson, Staffan Lundstrém Co-chairs: Ole Sigmund, Fred van Keulen

The oldest participant Professor Tomomaasa Tatsu,l (Kyoto University, Japan) and profesor Hiroshi Yabuno
(Tsukuba University, Japan)

ICTAM Montreal 2016, Chirman of Minisysmposia Nonlinear Dynamics Professors Guoseppe Rega (Italy, University
La Sapienza) | Dick Van Camoen ( University of Eudhoven, Holand).
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VIBRO-IMPACT DYNAMICS IN SYSTEMS WITH TRIGGER OF COUPED THREE
SINGULAR POINTS: COLLISION OF TWO ROLLING BODIES

Katica R. (Stevanovi¢) Hedrih'”
'Department of Mechanics, Mathematical Institute Serbian Academy of Sciences and Arts, Belgrade, Serbia
“Faculty of Mechanical Engineering, University of Nis, Serbia

Surmmary Under the author’s use Petrovic’s elements of mathematical phenomenology. especially mathematical analogy. new expressions of
post-collision outgoing angular velocities of two rolling rigid bodies are determined. Advances to theory of collision between two bodies are
eeneralized to collision of two rolling rigid bodies. Using these results, nonlinear dynamics in the vbro-impact system with trigger of coupled
singular points and homoclinic trajectory in phase trajectory portraits is study. Use phase portraits of two nonlinear dynamical systems in which
appear central collision of thin rolling different size disks are studied. In first vibro-impact system disks is in rolling along straight line and
coupled by springs. and in second rolling disks are moving along a circle line rotate with constant angular velocity around vertical central axis,
In both considers system dynamics exist a trigger of coupled singular points.

ADWANCES TO THEORY OF COLLISION OF TWO RIGID ROLLING BODIES
Advances to theory of collision between two bodies are generalized to collision of two rolling rigid bodies. Under the

authors™ use Petrovi¢'s elements of mathematical phenomenology [1.2.3.4]. especially mathematical analogy. new expressions
of post-collision outgoing angular velocities of two rolling rigid bodies are determined in following forms (see Figure 1.a%):.
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Figure 1. a* Plans of the impact velocities of possible points at corresponding circles at same height of balls in central a nd skew

collisions of two rolling heavy balls different radiuses: left for first smaller ball and  right for second bigger ball. b* and ¢* Two vibro-
impact systems each containing two rolling thin different radiuses disks in central successive collisions.

NON-LINEAR DYNAMICS OF TJE VIBROIMPACT SYSTEMS WITH T RIGGESR OF COUPLED SINGULAR
POINTS AND HOMOCLINIC ORBITS IN FORM NUMBER EIGHTIN PHASE PORTRAITS

In Figure 1.b* and ¢* two mechanical vibro-impact syst ems containing two rolling thin different size disks are
presented. Each disks, in both considered systems dynamic s, a corresponding trigger [5.6] of coupled three singular po ints
and homocclinic orbit in the form of number “eight” pos ses in corresponding phase portraits for corresponding rel ation of
parameters of system. In both system exists a bifurcati on parameter and with its variation in the phase portrait s layering of
phase trajectories appear, as well as appearance and disappe arance of trigger of coupled singular points. Kinetic para meters
and phase portraits of each vibro-impact system (in Figu re 1. b* and ¢*) in ideal constraints as conservative and, also, in
the field of turbulent damping as no conservative, an d of each of the rolling disks are determined and graphic ally presented.
in Figure 2 a* and b* phase trajectory branches in phase portraits of two rolling disks for motion in interval be tween
configurations of the initial condition configurations and configurations of pre-first-collision and post-first-co llision
between two rolling disks for corresponding conservativ e systems are presented. On the phase portraits alterna tions of the
pre-collision impact velocities of the disks into post-col lision corresponding translator or angular velocities are visible.

* Corresponding author. Email: khedrih@sbb.rs,khedrih @ cunet.rs.
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Figure 2. Phase trajectory branches in phase portraits and total mechanical energy branches of two rolling disks for motion in interval
between initial condition configuration and configurations of pre-first-collision and post-first-collision between two rolling disks with
vibro-impact dynamics (a*) along a line and (b*) on rotate circle trace with constant angular velocity around vertical central axis for the
conservative systems presented in Figure 1.b* and 1.c*.

CONCLUDING REMARKS

Advances to theory of collision of two rolling rigid bodies open new possibilities for progress in knowledge of vibroimpact
system dynamics. Obtained results are related to different ceases of conservative as well as no conservative vibro-impact
dynamics. Emery analysis for turbulent damping with generalized function of energy dissipation & =hi*/3 gives rate of total
mechanical energy degradation in the form: 4 g+ E, ldi=-3®-
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