Oupekrtopy MatemaTtuukor uHcrutyta CAHY
MNpod. ap 3opaHy OrbaHoBuhy

HayuyHom Behy Matematnukor uHctutyta CAHY
aKagemuky [parouwy LiseTkosuhy

M3BeLwTaj o ogprKaHOM

MuHu-cumnosunjymy ,,MexaHuKa KOHTaKTa: Teopuja u npumeHe”
beorpag, 14. mapt 2017, og, 10:30-19:00h y MaTematmnykom UHCTUTYTY CAHY
y opeaHusayuju
MNpojekta ON174001 "' AuHamumKa xmbpuaHMxX cuctema CN0XKEeHUX CTPYKTypa.

MexaHuka maTtepumjana."
KoopauHupaHor y Matematuukom uHctutyty CAHY

MowToBaHu anpekTope, NMpodecope OrwvaHosuhy,
MowToBaHu npeaceaHunye, NMpodecope LiseTkosuhy,
LereHun ynaHosu HayuHor Beha MU CAHY,

Y OKBMpPY aKTUMBHOCTM MPOMOUMje HayyHWUx pe3yntata npojekta OMN174001 "OmHamwuKa
XMOPUAHUX CUCTEMA  C/NOXEHWUX CTPYKTypa. MexaHuka maTepujana,’’ KoopguHupaHor vy
MaTtemaTnykom MHCTUTYTYy CAHY, Kao M capaarbe ca ApyrMm npojekuma u/uam nojeamHum
UCTPaXMBauMma ca Apyrux npojekaTta 13 3em/be€ M MHOCTPAHCTBA, ¥ beorpaay, 14. mapta 2017, y
MaTtematnukom uHcTUTYTY CAHY ycnewHo je opraHuM3oBaH jow jedaH jeAHOAHEBHU MWHWU-
CUMNO3UjyM:

»MexaHuKa KoHTaKTa: Teopuja u npumeHe”
OpraHusaropu: Op MeaHa []. AmaHacoecka, MaTemaTuyku MHCTUTYT CAHY, Beorpag,
Mpog. Op Kamuya P. (Cmeearosuh) Xedpux, MatemaTuukmn MHCTUTYT CAHY, Beorpag n MalwmHcku dakyntet
YHusep3uteta y Huwy
Ko-opraHusarop: llpog. op Padueoje M. Mumpoeuh, MawmnHcku $pakynTeT — YHUBep3uTeT y beorpaay

Y pagHom geny MuHu-cumnosnjyma ,MexaHWKa KOHTaKTa: Teopuja n npumeHe” oap:kaHo je 10
npeaasaba no nosusy. MNpepasara cy buna nogesbeHa y TpU TeMaTcKke Cekumje, ABe NpenoaHeBHe U
jeAHa nonogHeBHa.

[a ogprke npegasarba y okBMpy oBor MUHUCMMNO3Njyma NO3BaHU Cy UCTPAXKMBAUUM KOjU CY CBOjUM
BULUErOAULIFUM UCTPAXKMBAYKMM PagoM adUMPMUCAHU Yy PasanuMTUM o0biacTMma MCTpakmBakba Y
OKBUPY MEXaHWKe KOHTAKTa, 04, aHAIMTUYKUX, HYMEPUYKMX, NPEKO eKCNepMMEHTAIHUX UCTPAXKUBakba
M KOHKpPeTHWX cnyyajeBa npumeHe. [Mopen aytopa u3 Cpbuje, yyectBoBanuM cy M aytopu u3
nHoctpaHcTea — un3 LnaHwnje, Npuke, Utanunje, Manesnje n UHauje. MHocTpaHMm npegasaynma no
nosmsy 6uno je ob6e3beheHo no aga npeHohuwTa ca gopyvykom y xoteny Cnasuja.

CBa npepaBarba cy buna opurMHanAHA M BEOMA MHCMMPATMBHA, Te CYy HaWWAQ Ha BENUKO
NHTepecoBare YyyeCHUKA MUHU-CMMNO3Mjyma, KOjux je yKynHo 6uno oko nepecet. CBakom op,
npeaaBaya je HAKOH yCneLwHOor n3narakba u guckycuje, ypydeH CeptudumkaTt o ogpKaHOM npegasamy.
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Mopen, pagHor gena nporpama, MWHU-CMMNO3WjyM je cafp)Kao U Npuanke 3a HedopmanHe
pa3roBope, YyCnocTaB/batbe HOBMX KOHTAKAaTa M uaeja 3a 6yayha 3ajeaHMYKa UCTpaxkuBakba U
mehyHapoaHy capaay.

ANCTPaKTU U3NOXKEHUX NpefaBarba, Y ABOje3UYHOM MPUKA3y Ha CPrCKOM WU EHINIeCKOM je3uKy,
ob6jaB/beHU cy y Kvou3n ancrpakarta (Booklet of Abstracts) ca katanorusauymjom Hb Cpbuje.

Y Mpunory 1 aat je cnucak oapxaHUX Nnpeaasakba.

foct Ha MwuHu-cumnosmjymy je 6mo m Prof. Yuri Vladimirovich MIKHLIN, Dept.of Applied
Mathematics, National Technical University “Kharkov Polytechnical Institute”, Ukraine.

Prof. Yuri Vladimirovich MIKHLIN je HapegHor gaHa, 15.03.2017., ycnewHo ogpao npeaasBare Ha
CemuHapy 3a mexaHuky Ogememna 3a mexaHuKy MatemaTtuukor nHcTUTyTa CAHY:

Prof. Yuri Vladimirovich MIKHLIN, Dept.of Applied Mathematics, National Technical University “Kharkov Polytechnical
Institute”, Ukraine.
SREDA, 15.03.2017. u 18:00, Sala 301f, MI SANU, Kneza Mihaila 36
NONLINEAR NORMAL MODES OF VIBRATING MECHANICAL SYSTEMS AND THEIR APPLICATIONS

Abstract: Nonlinear normal modes (NNMs) are periodic motions of specific type, which can be observed in
different nonlinear mechanical systems. In the normal vibration mode a finite degree-of-freedom system
vibrates like a single-degree-of-freedom conservative one. The significance of NNMs for mechanical
engineering is determined by the important properties of these motions. In particular forced resonances
motions of nonlinear systems occur close to NNMs. Nonlinear localization and transfer of energy can be
analyzed using NNMs.

Y Mpunory 2 paT je acTpaKT ogprkaHor npeaasara Mpod. Yuri Vladimirovich MIKHLIN-a, a y
Mpunory 3 werosa buorpaduja.

C nowToBaeM 1 3axBasnHowhy 3a NoAPLIKY NPOjeKTHUM aKTUBHOCTUMA,

Y beorpaay, 22.03.2017.

Mpod. ap Katmua (CteBaHoBuh) Xegpux
Pykosogunauy Mpojekta ON174001

Ap MBaHa ATaHacoOBCKa, BMLUM Hay4YHU CapagHUK



Mpunor 1. Crincak oap)kaHUX MpeAaBamba Ha

MHUHU-CUMITO3HjyMy

» MexaHuka koHTakTa. Teopuja u npumene*

Maremarnukn nacrutytr CAHY u [Ipojexkar OM174001,

Beorpan, 14. mapt 2017, ox 10:30-19:00h, cana I, npu cnpar, Kuneza Muxauna 36

| Session.

[-1. Contact problemsin airframe structur es on elastic supports (IIpo6JeMu KOHTAKTa KO Ba31yXONJIOBHUX
CTPYKTYpa Ha eJIACTUYHUM OCJIOHIIMMA)
Prof. dr Mirko Dinulovié, University of Belgrade-Faculty of Mechanical Engineering, Serbia, mdinulovic@masbg.ac.rs

[-2. Some aspects of 3D finite element modeling of contact effectsin wirerope strands (Hekun acniektn 3D

MO/IeJIOBaba YTHIAja KOHTAKATA H3Mel)y sKuIa Y IUVIETEHUM Y:KaJMMa METOI0M KOHAYHHX eJleMeHaTa)
Prof. dr Gordana Kastratovié, University of Belgrade, Faculty of Transport and Traffic Engineering, Serbia,
g.kadratovic@sf.bg.ac.rs

[-3. Numerical simulation for investigating the contact problems in industrial life (Hymepuuke cumymnauuje y
UCTPAKUBAKHLHMA KOHTAKTHUX NPo0/ieMa Y HHAYCTPHjCKOM KHUBOTY)

dr Ana Pavlovié, AlmaMater Studiorum- University of Bologna, Italy, ana pavlovic@unibo.it

dr Cristiano Fragassa, AlmaMater Studiorum- University of Bologna, Italy, cristiano.fragassa@unibo.it

dr SneZana Vulovié, Faculty of Engineering, University of Kragujevac, Serbia, vsneza@kg.ac.rs

Il Session.

[1-1. A quater nion-based analytical solution for the generalised 3-D non-conjugate gear contact analysis problem
(AHanuTHYKO peleme 3a reHepanu3oBany 3-D aHanu3y HeKOBYTroBaHOI KOHTAKTHOT NMPodJieMa Ko
3yNYAHUKA, 02a3UPAHO HA KBATEPHUOHNMA)

Prof. dr Vasilios Spitas, National Technical University of Athens, School of Mechanical Engineering , Athens, Greece,

vspitas@central .ntua.gr

[1-2. Contact analysisapplied to gear design (AHaIu3a KOHTAKTAa Y KOHCTPYUCAaHY 3yNYaHUKA)

dr Victor Roda-Casanova, Jaume | University, Castellén, Spain, vroda@uiji.es
Prof. dr Francisco Sanchez-Marin, Jaume | University, Cagtellon, Spain, ftsan@uji.es

[1-3. Effect of friction inclusion on gear contact stresses (YTunaj Tpema Ha KOHTAKTHE HANOHE KO/ 3yMYaHHKA)
dr Santosh Patil, Department of Mechanical Engineering, Manipal University Jaipur, Jaipur, Rajasthan, India,
santosh. patil @jai pur.manipal.edu

Prof. dr Saravanan Karuppanan, Department of Mechanical Engineering, Universiti Teknologi PETRONAS, Perak,
Malaysia, email: saravanan_karuppanan@utp.edu.my

dr lvana D. Atanasovska, Mathematical ingitute of SASA, Belgrade, Serbia, iviatanasov@yahoo.com

Il Session. Chairman:

[11-1. Contact between abrasive particles and wor n surfaces within rolling bearing (Kourakr nzmel)y adpa3nBaux
YeCcTHIA H M0Xa0aHMX MOBPILIMHA KOJ KOTP/bAjHHUX JIeKaja)

Prof. dr Tatjana Lazovié, Prof. dr Radivoje M. Mitrovié, Zarko Miskovié,

University of Belgrade-Faculty of Mechanical Engineering, Serbia

tlazovic@mas.bg.ac.rs, rmitrovic@mas.bg.ac.rs, zmiskovic@mas.bg.ac.rs

[11-2. A review of as-cast and austemper ed ductileiron behaviour under cavitation conditions (IlperJyiex noHamama
JIMBEHOT TBOk)a 1 aycTeMIepoBaHOT HOAYJIAPHOT JIMBA Y YCJIOBUMA KABUTaLHje)

dr Olivera Erié Cekié, Innovation center, Faculty of Mechanical Engineering, University of Belgrade, Belgrade,

Serbia,oliverab6eric@gmail.com

dr Dragan Rajnovié, Prof. dr Leposava Sidjanin, dr Sebastian Balo3

Department of Production Engineering, Faculty of Technical Sciences, University of Novi Sad, Serbia, draganr@uns.ac.rs,

lepas@uns.ac.rs, sehab@uns.ac.rs




[11-3. Wheel-rail contact for ces —experimental and computational approach (Cuie y nonupy To4aKk—IImMHa —
€KCIIEPUMEHTAITHH M IPOPAYYHCKH MPUCTYI)

dr Dragan Milkovié, University of Belgrade-Faculty of Mechanical Engineering, Serbia, dmilkovic@masbg.ac.rs

Prof. dr Goran Simié, University of Belgrade-Faculty of Mechanical Engineering, Serbia, gdmic@mas.bg.ac.rs

[11-4. Contact mechanics of wheel/brake block on railway vehicles (KontakTHa MexaHHKa CKJI0NA TOYAK/KOYHHLA
KOJ KeJIe3HMYKHX BO3MJIA)

mr sci. Marija VukSié Popovié , College of Professional Railway Studies, Belgrade, Serbia, vuksi cpopovic@bvcom.net
mr sci. Sasa Radulovié, University of Belgrade-Faculty of Mechanica Engineering, Serbia, sasaradul ovic76@gmail.com

MMPUJIOT 2.
NONLINEAR NORMAL MODES OF VIBRATING MECHANICAL SYSTEMSAND THEIR
APPLICATIONS

Yuri V. Mikhlin
National Technical University “ KhPI” , Kharkov, Ukraine,

Nonlinear normal modes (NNMs) are periodic motions of specific type, which can be observed in
different nonlinear mechanical systems [1-3]. In the normal vibration mode a finite degree-of-freedom
system vibrates like a single-degree-of-freedom conservative one. The significance of NNMs for
mechanical engineering is determined by the important properties of these motions. In particular forced
resonances motions of nonlinear systems occur close to NNMs. Nonlinear localization and transfer of
energy can be analyzed using NNMs,

Kauderer [4] was the first who developed quantitative methods for the NNM analysis in two-DOF
conservative nonlinear systems. Rosenberg considered n-DOF conservative systems and deduced the
first definition of NNMs as “vibrations in unison”, i.e., synchronous periodic motions, where all
material points of the system reach their maximum and minimum values at the same instant of time
[5,6]. He considered wide classes of essentially nonlinear systems, which have nonlinear vibrations
modes with straight modal lines. The NNMs based on the determination of modal lines in configuration
space, can be called the Kauderer-Rosenberg nonlinear normal modes. In general, the NNM modal
lines in a configuration space are curvilinear. The power series method to construct the curvilinear
trajectories in conservative systems was proposed in [1,7-9]. The non-localized and localized NNMs,
bifurcations of the NNMs and global dynamics of the nonlinear systems near NNMs are analyzed in
different papers [1-3,10-15]. Pade approximations are used to derive the NNMs with arbitrary
amplitudes [16].

Shaw and Pierre developed an alternative concept of NNMs for nonlinear dissipative finite-DOF
systems[17,18]. Their research was based on the computation of invariant manifolds of motion in phase
gpace. This second type of the NNMs is called the Shaw-Pierre nonlinear normal modes.
Generalization of the NNMs concepts to forced, self-exited and parametric vibrations is possible
[1,11,19-24]. In particular the Rauscher method and the power-series method for the modal line
construction can be used to analyze the NNMs of non-autonomous systems. NNMs in systems with
non-smooth characteristics are considered [25-28]. Generalization of the NNMs to continuous systems
is made in several publications [29-31].



NNMs have been used to solve applied problems of mechanical and aerospace engineering [32]. Such
vibrations take place in different structures and machines.

The Kauderer- Rosenberg NNMs are applied for the analysis of large amplitude dynamics of finite-
DOF nonlinear mechanical systems. In particular, free and forced NNMs are considered in systems with
nonlinear absorbers [33-35]. Localized and non-localized NNMs are analyzed in such systems.
Applications of the Kauderer-Rosenberg NNMs for discretized systems are also discussed. These
systems can be obtained by use of the Galerkin procedure to initial continuous structures. The
Kauderer-Rosenberg NNMs are successfully used to analyze large amplitude free and forced vibrations
of the cylindrical shells with geometrical nonlinearity [36,37]; cylindrical shellsinteracting with a fluid
[38]; parametric vibrations of cylindrical shells under the action of longitudinal force [39]; shallow arch
snap-through motions [40]; vibrations of beams interacting with essential nonlinear absorbers[41].

The Shaw-Pierre NNMs are applied to analyze the dynamics of nonlinear mechanical systems. In
particular NNMs are used to analyze dynamics of pre-twisted beams with geometrical nonlinearity [42];
beam parametric vibrations [22]; nonlinear free vibrations of shallow shells with complex base [43];
nonlinear vibrations of the vehicle suspensions [44]. Nonlinear dynamics of an one-disk rotor in two
bearings is studied using the Shaw-Pierre NNMs [45-47]. Gyroscopic effects, nonlinear flexible base,
inertial forces in supports and internal resonances are taken into account.
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MMPHJIOT 3.

Yuri Vladimirovich MIKHLIN, Professor
CURRICULUM VITAE

Pogtal address. Prof. Yuri V. Mikhlin, Dept.of Applied Mathematics, National Technical
University “Kharkov Polytechnical Institute” 21 Frunze str., Kharkov 61002 Ukraine
Tel.: (+38) 057-2948275, 057-7076032 Fax: (+38) 057-7076601
E-mail: nuv@xpi . khar kov. ua

Yuri_Mikhlin@mail.ru

EDUCATIONAL BACKGROUND:

1988 Doctor of Science (Physics & Mathematics), Moscow Institute for Problems in
Mechanics (Russian Academy of Sciences).

1974 Ph.D. (Physics & Mathematics), Dnepropetrovsk State University.

1970 Graduated from the Dneptopetrovsk State University summa cum laude in Mechanics.

INDUSTRIAL AND FACULTY APPOINTMENTS:

1995 - a present: National Technical University “Kharkov Polytechnic Institute’

(Professor).

1989-1995  Dnepropetrovsk State University (Professor).

1976-1989  Dnepropetrovsk Civil Engineering Institute (Docent in Mathematics,
Researcher in Mechanics).

1970-1976  Dnepropetrovsk Automation in Metallurgy Institute (Researcher in Mechanics
and Control).



QUALIFICATION and AREA OF EXPERTISE:

More than 45 years of experience in Nonlinear Dynamics and Applied Mathematics.

The main scientific results in: Theory of nonlinear normal vibration modes; Analysis of the
nonlinear vibrations stability; Theory of perturbation; Applications of the nonlinear
dynamics.

Current research focuses on: Nonlinear normal mode theory, Nonlinear rotor dynamics;
Nonlinear dynamics of elastic systems, Vibro-absorption problems, Transient and
localization problems et al.

INTERNATIONAL SCIENTIFIC ACTIVITY:

Organizer and Chair of the Mini-Symposium on Nonlinear Dynamics in Engineering
Systems at the European Nonlinear Oscillations Conference, June 25-30, 2017, Budapest,
Hungary

Organizer and Chair of the Mini-Symposium on Nonlinear Dynamics of Structures and
Machines at the European Nonlinear Oscillations Conference, July 6-11, 2014, Vienna,
Austria

Organizer and Chair of the Mini-Symposium on Nonlinear Dynamics of Structures and
Machines at the European Nonlinear Oscillations Conference, July 24-29, 2011, Rome, Italy
Organizer and Chairman of the Sci. Committee of the Fifth International Conference on
Nonlinear Dynamics which will be held at the National Technical University “Kharkov
Polytechnic Institute”, Kharkov, September, 27-30, 2016.

Organizer and Chairman of the Sci. Committee of the Fourth International Conference on
Nonlinear Dynamics which will be held in Sevastopol, June, 19-22, 2013.

Organizer and Chairman of the Sci. Committee of the Third International Conference on
Nonlinear Dynamics which will be held at the National Technical University “Kharkov
Polytechnic Institute”, Kharkov, September, 21-24, 2010.

Organizer and Chairman of the Sci. Committee of the Second International Conference on
Nonlinear Dynamics at the National Technical University “Kharkov Polytechnic Institute”,
Kharkov, September, 25-28, 2007.

Organizer and Chairman of the Sci. Committee of the International Conference on Nonlinear
Dynamics at the National Technical University “Kharkov Polytechnic Institute”, Kharkov,
September, 14-16, 2004.

Memberships in Editorial Board of the journals. Nonlinear Dynamics, Mathematical
Problems in Engineering and Journal of Mechanical Engineering Science.

Memberships in Scientific Committees of Int. Conferences in Belgium, France, Greece,
Italy, Poland, Ukraine, UK et al.

Membershipsin AMS, GAMM.

Visits to: Technion (Haifa), Israel, 2014, Lublin Technical University, Poland, 2013,
University UNESP, Rio-Claro-San-Paulo, Brasil, 2012, Glasgow University, UK, 2008;
Aberdeen University, UK, 2008; Michigan University, Ann Arbor, USA, 2005; ENTPE,
Lion, France, 2003; Modena University, Italy, 2001; Technical University, Vienna, Austria,
2000 et al.

SUPPORTING AGENCIES: Grants by Ukrainian Academy of Science and the Russian
Academy of Science (2009-2013); NATO Scientific Affairs Division (2001-2003), USA Air
Force Office of Scientific Research (2001-2003); Grants from the Ministry of Science and
Education of Ukraine (1997-at present).



PUBLICATIONS: - Number of papersin refereed journals. 125
- Number of communications to scientific meetings: 125
- Number of books: 7

SOME SELECTED PUBLICATIONS:

Normal Modes and Localization in Nonlinear Systems. NY: Wiley, 1996, 552 p.
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The Method of Normal Oscillations for Essentially Nonlinear systems. Moscow: Nauka,
1989, 216 p. (in Russian; L.I.Manevich, Yu.V.Mikhlin, V.N.Pilipchuk), ISBN 5-02-014011-2.

. Nonlinear Dynamics of Elastic Systems. V.1. Models, Methods, Phenomena. Moscow-
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. Nonlinear Dynamics of Elastic Systems. V.2. Applications. Moscow-1zhevsk: I1CI, 2015,
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