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6.1 Nonlinear Dynamics in Mechanical and Structural Systems

Y nepuoay 2 A0 6 jyna 6opasuna cam y bonowu, No nosmey opraHmsaTopa MUHUCUMMNO3NjyMa
HennHeapHa gMHaMMKa y MeXaHUYKMM U CTPYKTYPHUM CUCTEMMMA, KOju je 61O Aeo nporpama eBporicke
KOHdepeHUMje N3 mexaHWKe YBPCTOr TeNa:

10™ European Solids Mechanics Conference (ESMC 2018) will be held in Bologna, Italy,\
http://www.esmc2018.org/drupal8/
6.1 Nonlinear Dynamics in Mechanical and Structural Systems

y opraHu3sauujmu EBponckor gpywtea 3a MexaHuKy, YHuBep3uTeta y bonorwn n YHnsepsuteta y TpeHTy. Ja cm
YynaH oBor EBponckor ApywTea 3a mexaHuKy (EuroMech Society) oz Herosor ocHMBakba.

OpraHu3aTonpyM MUMHUCUMMNO3NjyMa

6.1 Nonlinear Dynamics in Mechanical and Structural Systems
cy OUAN UCTAaKHYTU HAayYHMLUN
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Sergey Sorokin Jon Juel Thomsen Giuseppe Rega
Aalborg University TU Denmark, Lyngby Sapienza University, Rome
svs@make.aau.dk jit@mek.dtu.dk giuseppe.rega@uniromal.it

Y pasy oBe MHTEPHAUMOHAaNHE eBPOMNCKe KOHpepeHLmje 1 MUHUCUMNO3UMjyMa y4ecTBOBas1a CaM Ca
caonwTerem noj, Ha3MBOM:



Hedrih (Stevanovic) K. R. Trigger of coupled three singular points in dynamics of different
mechanical systems each with one degree of freedom, 6.1 Nonlinear Dynamics in
Mechanical and Structural Systems, Abstract 227 , USB -ESMC 2018.

Koje cam canwTuaa NpBor gaHa KoHdepeHuuje y NpBoj cecaHmum MUHUCMMNO3njyma
6.1 Nonlinear Dynamics in Mechanical and Structural Systems.

Buna cam n jepaH op pBa npeaceasajyha jegHom cecnjom ca npodecopo Xapu [aHKoBU3-em
(Harry Dankowicz, University of lllinois at Urbana-Champaign), Koju je n rnasHM M 0AroBOPHMU
ypeaHuK, soaeher y ceety, pedpepatusHor Yaconumca Applied Mechanics Reviews, Koju nybaukyje
Internationa American Society of Mechanical Engineers, unju cam unaH suwe og 20 rogmHa.

M3nararkbe Ha OBOM Hay4yHOM CKyny peasn30BaHO je Yy CKAOMy aKTUMBHOCTU MUCTParknBarba Ha
npojekty ON 174001 AnHammKa XxMbpnaHMX cMCTEMA CIOXKEHUX CTPYKT3ypa.

OBa KoHdepeHumnja ESMC, je jegHa on 4yeTupu rnaBHe EBponcke KoHdepeHumje EBponckor
APYLITBA 33 MEXaHWKy M ofapKaBa ce cBake Tpehe roguMHe Kao Benuka KoHdpepeHuuje, ca no
npasuny suwe oz 1.000 yyecHMKa. Ja cam yyectsoBasa y Behem 6pojy nojeamHx koHdepeHunja oBe
cepuje, a 2009 roauHe cam 1 6UNa OpraHU3aTop jeaHOr MMHUCMMNO3Ujyma u3 Bubpopeonoruje y
okBupy nporpama ESMC Lisanon 2009. Kaga je oBa KoHbepeHumMja 6Buna oapkaHa y Mpayy, ESMC
Graz 2012 roguHe, jeaHa Beha rpyna maaaux UCTpaxkmMBaya M fOKTOpaHaTa ca Mpojekta OH174001,
KOjUM pPYKOBOAMM je y4yecTBOBajsa YyCMeEWwHO Ca CBOjMM caonuwTewnma, U 6uam cmo Beoma
3ana*keHu. Ja cam n Taga npeacenasana jeHOM CEKLMjOM.

Ose roauHe, y pagy ESMC 2018, ykynHo je 6uMno jeaHo onwTte npegaBatbe, 5 naeHapHUx
npegasarba, 55 muHucumnosnjyma, 9 onwtmnx cekumja, 20 napanenHux cecuja, 136 opraHusatopa
MUHUCMMNO3Mjyma, npuxsaheHo je 1136 anctpakata oa 1353 npujasweHux, 1111 ycmeHux
nsnarama, 25 nocrepa. Hajsehn 6poj yuecHmka bmo je ns KuHe, ®paHuycke, Hemauke n Utanuje.
Bune cy 3actyn/beHe cBe eBponcke 3emsbe, Kao U UHawnja, nbaH, Npak, Mapoko, Ayctpanuja,
Janan, CALl, KaHga, Ynne, ApreHTnHa , bpasun u gpyre.

Nmajyhu y Buay 1a caMm ydecTBOBajia y JHcCKocujama 1o BeheM Opojy CEKLHjCKUX
CaoIIITeHha, Ka0 U JlaBajla KOMEHTape U HaydHe MH(popMalije U HHCTPYyKIHUje, Moje yderrhe
je Omito BeoMa akTHBHO y paay oBe Kondpenmumje.

VY mpuiory cy HMHCEpTH JOK3yMEHaTa M3 KOJUX Ce€ MOKe JOOUTH YBUA y paja OBE
Kondepeniuje, kao 1 MOj HAy4HHU HPUIOT OBOj KOH(EPEHILIN]jH, KAa0 U MO3UBHO MUCMO..
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VY beorpany, 3 aBryct 2018. KaticaR. (Stevanovi¢) Hedrih
PykoBoaunar mpojekra OM174001
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September 15, 2017

Prof. Katica Hedrih
Mathematical Institute SANU
Belgrade, Serbia

Invitation to contribute to the ESMC 2018 Mini-Symposium
6.1 Nonlinear Dynamics in Mechanical and Structural Systems

Dear Professor Hedrih,

the 10™ European Solids Mechanics Conference (ESMC 2018) will be held in Bologna, Italy, on July 2-6,
2018. The first edition of this conference series, organized under the auspices of the European Mechanics
Society (EUROMECH), was held in Munich in 1991 and subsequent conferences took place every three
years in Genoa, Stockholm, Metz, Thessaloniki, Budapest, Lisbon, Graz, and Madrid. The next conference
of the series is co-organized by the Universities of Trento and Bologna. Information on the ESMC 2018 is
available at the website http://www.esmc2018.org/drupal8/.

The European Solid Mechanics Conference is the major event for the solids mechanics community

in Europe and provides a unique forum for scientists and engineers to exchange ideas on the current
state-of-the-art in the mechanics of solids, on new concepts and ideas, and to identify new research
directions.

In view of your expertise in the area of nonlinear dynamics, it is our pleasure to invite you to participate in
the 10" European Solids Mechanics Conference and to contribute to the Mini-Symposium

6.1 Nonlinear Dynamics in Mechanical and Structural Systems
The mini-symposium will be focused on recent developments in nonlinear dynamics of mechanical
and structural systems and related subjects. Topics to be covered include, but are not limited to:

— Nonlinear vibrations and acoustics of structural and machine elements
— Nonlinear vibrations and acoustics in engineering design: smart nonlinear structures/devices
— Nonlinear wave propagation in mechanical systems



- Micro/nano-electro-mechanical nonlinear systems
— Slow-fast nonlinear systems and phenomena

— Energy harvesting using nonlinearity

— Fluid-structure interaction

— Reduced-order modelling of nonlinear systems
- Time- or/and space-periodic nonlinear systems
= Nonlinear modeling of friction and damping

— Vibro-impact processes and analysis

— Experimental methods in nonlinear dynamics
— System identification of structural nonlinearity
— Systems with time delay

You are kindly invited to submit an Abstract of your proposed presentation before November 15, 2017.
Online submission with the relevant instructions is open.

We do hope that you will accept our invitation to contribute to the Mini-Symposium on  Nonlinear
Dynamics in Mechanical and Structural Systems at the ESMC 2018.

Please, do not hesitate to contact us in case anything is unclear or if you need additional information.

We look forward to receiving soon your positive response.

With kindest regards,

Yours sincerely

..{/{.h $ [F A 4 ‘;;}_,,H_‘H é’ih vl e A g.k_

i
Sergey Sorokin Jon Juel Thomsen Giuseppe Rega

Aalborg University TU Denmark, Lyngby Sapienza University, Rome
svs@make.aau.dk jit@mek.dtu.dk giuseppe.rega@uniromal.it

Chairs of ESMC 2018 Mini-Symposium
6.1 Nonlinear Dynamics in Mechanical and Structural Systems
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Trigger of coupled three singular points in dynamics of different
mechanical systems each with one degree of freedom

Katica (Stevanovic¢) Hedrih

"Department of Mechanics, Mathematical Institute of Serbian Academy of Science and
Arts, Belgrade, Serbia

? Faculty of Mechanical Engineering, University of Nis, Nis, Serbia, E-mail:
khedrih@sbb.rs

Keywords: trigger of coupled singular points, bifurcation, phase portrait, coupled rotations, vector
rotators, mass moment vectors, Kinetic pressure, heavy mass particle motion along rough
curvilinear trace wit Amontons-Coulomb friction.

A review of different examples with trigger of coupled three singular points in dynamics
of different mechanical systems each with one degree of freedom is presented and
analyzed. Trigger of coupled three singular points appear in the phase portrait of
dynamics of mechanical system with one degree of freedom: 1* and with coupled
rotations and mass deviation with respect to the axes of rotations; 2* in the form of a
heavy mass particle moving along rough curvilinear line with Amontons-Coulomb type
friction; 2* as it is generalized rolling pendulum along curvilinear trace with minimum
and maximums in vertical plane. Phase portrait and constant total mechanical energy
curves for each of the previous listed models of dynamics are mathematically described
and graphically presented and analyzed. A theorem of existence of a trigger of coupled
three singular points and a homoclinic phase trajectory in the form of number “eight”
is presented.

Kinetic pressures on bearing of rotors with simple as well as coupled rotations are
presented by deviational components of mass moment vectors and kinematical vector
rotators coupled for corresponding bearing and axis of rotation.

Acknowledgements: Parts of this research is supported by the Ministry of Sciences and
Technology of Republic of Serbia through Mathematical Institute SASA, Belgrade Project
ON174001.
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10" European Solid Mechanics Conference - Bologna, ltaly

6-1 -Nonlinear Dynamics in Evening Session
Mechanical and Structural Systems

DAY: Monday

ROOM: Magenta A

TIME 17.15-19.15

CHAIR: Giuseppe Rega, Alois Steind|

KEYNOTE 1180 Derivation of Nonlinear Damping from Linear Viscoelasticity by
a Fractional Standard Solid Model and Application to Nonlinear
Vibrations

Author: Marco Amabili
Presenting Author: Marco Amabili

223 Auto-parametric response of a non-holonomic system under
kinematic excitation

Authors: Jiri Naprstek, Cyril Fischer
Presenting Author: Jiri Naprstek

880 Random bouncing ball dynamics under correlated excitation

Authors: Chaima Zouabi, Jogl Perret-Liaudet, Julien Scheibert

Presenting Author: Joél PerretLiaudet

1016 Analysis of explosive aspect ratio in the blast wave: From flat to
spherical case

Avuthors: J.A. Artero-Guerrero, J. Pernas-Sanchez, F. Teixeira-Dias,
D. Varas, J. lopez-Puente

Presenting Author: J.A. Arfero-Guerrero

227 Trigger of coupled three singular points in dynamics of different
mechanical systems each with one degree of freedom

Author: Katica R. (Stevanovic) Hedrih
Presenting Author: Katica R. (Stevanovic) Hedrih

Welcome Reception 19.15 - 1st floor



From: Jon Juel Thomsen
Sent: Wednesday, June 27, 2018 2:35 PM
To: Alois.Steindl@tuwien.ac.at ; Olivier Thomas (Olivier. THOMAS@ensam.eu) ; Stefano Lenci (s.lenci@univpm.it) ;

oded@tx.technion.ac.il ; Francesco Pellicano (francesco.pellicano@unimore.it) ; Harry Dankowicz (danko@illinois.edu) ;
katicahedrih@gmail.com ; Marcelo A. Savi (savi@ufrj.br) ; dmitry.indeitsev@gmail.com ; Marco Amabili (marco.amabili@mcgill.ca)

; cenmazzi@usp.br

Cc: Giuseppe Rega (giuseppe.rega@uniromal.it) ; Sergey Sorokin

Subject: ESMC next week in Bologna: You have been suggested as session-chair, please confirm..

Dear ESMC participant,

On behalf of the organizers of the ESMC minisymposium 6-1 -Nonlinear Dynamics in Mechanical and Structural
Systems | would ask you to kindly confirm (by replying to this mail) your availability to co-chair one of the seven

sessions at the time detailed in the below table:

Time Room Chairs [ok?]

Monday 17.15-19.15 Magenta A Rega [ok] & Steindl [?7]

Tuesday 14.30-16.30 Magenta A | Thomsen [ok] & Thomas [??]

Tuesday 17.00-19.00 Magenta A Sorokin [ok] & Lenci [??]

Wednesday 10.15-12.15 | Magenta A | Gottlieb [??] & Pellicano [?7?]

Thursday 10.15-12.15 Magenta A | Dankowicz [??] & Hedrih [ok]

Thursday 14.30-16.30 Magenta A Savi [??] & Indeitsev [?7]

N[ojun|_ | W N &

Thursday 17.00-19.00 Magenta A Amabili [ok] & Mazzilli [?7]

Due to time constraints we took the liberty to report suggested chair names and times to the main organizers,
without asking first for your availability; we hope you will forgive us this. In case you are not available we will find a
substitute, though by now it is too late to change names in the technical programme, where your name is already

listed in accordance with the above table.

With the best regards,
Jon Juel Thomsen, Technical Univ. of Denmark
- on behalf also of co-organizers Giuseppe Rega and Sergey Sorokin

Jon Juel Thomsen
Associate professor, ph.d., dr.techn.
DTU Mechanical Engineering

Technical University of Denmark
Department of Mechanical Engineering
Nils Koppels Allé, Building 404, Room 122
2800 Kgs. Lyngby, Denmark
jit@mek.dtu.dk
www.staff.dtu.dk/jjth

MS: 6-1 I ¥ in Mechanical and | Systems
DAY: Thursday

ROOM: Magenta A
TIME 10.15-12.15

CHAIR: Harry Dankowlcz, Katica Hedrih

1166 /dentification of nonlinear modes based on normal farm and exp .
KEYNOTE Authors Olivier THOMAS Vivien DENIS , Marguerite JOSSIC , Christophe GIRAUD-AUC, Baptiste
Presenting Author: Olivier THOMAS

to the acoustics of chinese gongs

CHOMETTE |, Adrien

213 Non-linear vibration modes of beoms and cobles on elastic media subjected to linearly varying normal forces
Authors Carlos Mazzilli Eduardo Ribeiro , Stefanc Lenci , Lucio Demeio
Presenting Author: Carlos Mazzilll

1218 Fast computation of forced response in mull g f-freedom nonlinear b systemns using integral equations
Authors Shabhit Jain Thomas Breunung |, George Haller

Presenting Author: __ Shobhit Jain/Thomas Breunung

205  On the coupling between axial and transversal vibration in @ rectilinear Euler-Bernoulli beam

Authors Stefano Lenci Francesco  Clamenti

Presenting Author: Stefano Lenc

528 Motion Contrel of a Flexible Underactuated Manipulator by Utilizing of Resonance of @ Flexible Arm
Authers Satoshi Kobayashi |, Hiroshi ‘Yabuno
Presenting Author: __ Satoshi Kebayashi




10t European Solid Mechanics Conference - Bologna, ltaly

6-1 -Nonlinear Dynamics in Mechanical Morning Session
and Structural Systems

DAY: Thursday
ROOM: Magenta A

TIME 10.15-12.15
CHAIR: Harry Dankowicz, Katica Hedrih

KEYNOTE

1166

Identification of nonlinear modes based on normal form and
experimental continuation. Application to the acoustics of chinese

gongs
Authors: Olivier Thomas, Vivien Denis, Marguerite Jossic,
Christophe Giraud-Audine, Baptiste Chomette, Adrien Mamou-Mani

Presenfing Author: Olivier Thomas

213 Non-linear vibration modes of beams and cables on elastic media
subjected to linearly varying normal forces
Authors: Carlos Mazzilli, Eduardo Ribeiro, Stefano Lenci, Lucic Demeio
Presenting Author: Carlos Mazzill

1389 Nonlinear parametric modeling of compression roller batteries

and experimental validation
Authors: Andrea Arena, Biagio Carboni, Walter Lacarbonara
Presenting Author: Andrea Arena

205 On the coupling between axial and transversal vibration in a
rectilinear Euler-Bernoulli beam
Authors: Stefano Lenci, Francesco Clementi
Presenting Author: Stefano Lenci

528 Motion Control of a Flexible Underactuated Manipulator by

Utilizing of Resonance of a Flexible Arm

Authors: Satoshi Kobayashi, Hiroshi Yabuno
Presenting Author: Satoshi Kobayashi

Lunch 12.15-13.45 - 15t floor
Poster Session 12.15 - 13.45 Ground floor

186

ESMC 2018



Monday, July 2, 201
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GS-1 Biomechanics Morning Session

DAY: Monday

ROOM: Magenia A
TIME 11.15-13.15
CHAIR: Gabriele Greco, Sarah Johnson

226 Resonant frequencies of mouse chromosomes trough mechanical
oscillatory model of mitotic spindle
Authors: Andjelka Hedrih, Katica [Stevanovic) Hadrih
Presenting Author: Andjelka Hedrih

354 Stag beetle elytra sustains the external loads better using multi-
layered structure
Authors: Lakshminath Kundanati, Stefano Signetti, Himadri S. Gupia,

Michele Menegon and Nicola M. Pugno

Prasenting Author: Lakshminath Kundanafi

784 In silico simulation of growth and remodeling in biological tissues
Authors: M. M. A. Payroteo, J. Belinha, J.A.C.F. Leite Moraira, R. N. Jorge
Presenting Author: M. M. A. Peyroteo

914  Modelling of cross-linking dynamics in actomyosin networks
Authars: JoGo Pedro Ferreima, Marco Parenie, Renato Naial
Presenfing Author: Jodo Pedro Ferreira

1081 Biomechanical Characterization of Thrombus Material through
Experimental and Computational Analysis
Authors: Sarah Johnson, Michael Gilvarry, Patrick McGarry, Peter McHugh
Presenting Author: Sarah Johnson

1352 Patient-specific isogeometric analysis of thoracic aortic aneurysm

Authors: Margherita Coda, Elena Faggiane, Michele Contfi, Simene Morganti,
Santi Trimarchi, Ferdinando Auricchio, Robert Leroy Taylor,
Alessandro Reali

Presenting Author: Margherita Coda

lunch 13.15-14.45-

ESMC 2018

15t floor

39



Resonant frequencies of mouse chromosomes trough mechanical oscillatory model
of mitotic spindle

Andjelka N. Hedrihi, Katica (Stevanovic¢) Hedrihi .z

1Department of Mechanies, Mathematical Institute of Serbian Academy of Science and Arts, Belgrade, Serbia
E-mail: handjelka(@niring mi.sanu.ac.rs; handjeka(@gmail.com

2 Faculty of Mechanical Engineering, University of Nis, Nis, Serbia
E-mail: khedrihi@sbb.rs

Kevwords: resonant frequencies, mitotic spindle, oscillatory model.

Recently, scientists pointed out that the way chromosomes move within the cell during the cell division process
could carry additional epigenetic information [1]. Using biomechanical oscillatory model of mitotic spindle [2] we
recently suggest resonance as a potential mechanism for homolog chromosomes separation. According to this
mechanical oscillatory model, mitotic spindle is presented as a system of coupled oscillators: one oscillatory pair
consists of a centrosome, a microtubule and a related chromosome and these are interconnected with their
homologous pairs. Centrosomes are presented as mass particles that represent two rheonomic centers of oscillations.
We assume that rheonomic centers oscillate under single external forced frequency. Each element in the model has
its mechanical counterpart. Using the biomechanical oscillatory model of mitotic spindle [2.3.4] and relevant
numerical data from the literature, the numerical analysis of resonant frequencies of mouse chromosomes is
presented. For each homolog chromosome pair we obtained non-linear frequency curves and identified two eigen
resonant frequencies which behave differently. First resonant frequency is almost the same for all pairs of homolog
chromosomes. while the second resonant frequency increases as mass of homolog chromosome decreases. The first
resonant frequency is impact by the chromosome masses which are very similar to each other, while the second
resonant frequency is impact both by the chromosome mass and its position in the mitotic spindle. The findings are
important for understanding the process of cell division.

Acknowledgements: Parts of this research is supported by the Ministry of Sciences and Technology of Republic of Serbia through Mathematical
Institute SASA, Belgrade Grant ON174001.
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