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MPEJATOBOP

Teopwuja cTOXacTUUYKKX anMdepeHunjaNHNX jedHauyMHa, Kao 4e0 ONwTe Teopuje CTOXAaCTUUKUX
npoueca, noyena je Aa ce pa3Buja 4veTpAeceTux rofAuHa MpOLIOr BeKa pafoBUMMa COBjeTCKOT
maTemaTundapa U.N. TnxmaHa (eHrn. TpaHckpunt Gikhman) u janaHckor matematmyapa K. Utoa (Kisio
It0) Koju cy, HE3aBUCHO jeaaH oA ApYror, yBean Nojam CToXacTuuKe andepeHumjanHe jeaHaumHe umje
je pewetrbe npouec Mapkosa. OnwTe je npuxeaheH npuctyn MUToa, y 4mjoj je ocHoBM AeduHMUMja
CTOXaCTUYKOI MHTErpasa Kao MHTerpana cayyajHe GpyHkumje no npouecy Brown-osor kpetawba. Op,
TaZla ce 0Ba Teopuja MHTEH3WBHO pa3Buja, NocebHO nocne ysohera nojMa MapTUHrana og, ctpaHe J.
Doob-a nepecetux rogvHa npownor BeKka, WTo je omoryhuno dopmuparbe 6pojHUX Knaca
CTOXaCTUYKMX AnbepeHLMjaHUX jeAHAYMHA N0 MapTUHIaIMMa U MAapPTUHIaIHUM Mepama. 3HayajHu
pesyntatu notudy og l. Gihman-a, A.N. Skorohod-a, H. Kunite-a, S. Watanabe-a, P.A. Meyer-a, H.P.
McKean-a, C. Doleans-Dade-a u mHorux apyrux. Y Cpbuju y obnactv cToxacTuukux audepeHLumjanHux
jeaHauMHa 3HavajHe pesynTaTe Cy MNOCTUMIe rpyne MUCTparkuBada ca: [lpupogHo-maTemaTUyKor
dakynteta y HoBom Caay ca MCTakHyTUM akagemukom CreBaHom lMuaunosuhem, MaTematuukor
nHctutyta CAHY, TMpupoaHo-maTematuykor dakyateta y Huwy ca Bogehom npodecopkom
CsetnaHom JaHkosuh, MaTtemaTtumukor ¢akynTteta y beorpaay.

Mmajyhm y Buay fa ce CTOXacTUYKUM pudepeHUMjanHUM jeaHauynMHama MaTemaTUuKu
MoZenunpajy AMHaMUYKM CUCTEMM ca C/yYajHMum nobypgama, Beoma yecto TmMna Gauss-osor 6enor
WYMa, YMja je maTeMaTu4yKa MHTepnpeTaumja npouec Brown-oBor KpeTara, eBUAEHTAH je nHTepec
Hay4yHMKa y CKOPO CBMM 06/1aCTMMa HayKe W TEXHUMKE 3a MPOoy4YaBartbeM OBWX jeiHA4YMHA U HUXOBO]j
NPUMEHU Yy MOAEeNupary PasIvuuTMX MojaBa, Ha MpUMep, Y MEeXaHWLUM, eKOHOMWjWU, eKONoruju,
€/1eKTPOTEXHULUM, MeANUMNHK, caobpahajy uta. MehyTum, Beoma je ycKa Knaca epeKkTUBHO peLumnBux
CTOXaCTUUKMX AndepeHLMjanHMX jeaHaumHa, Na je of nocebHor MHTepeca Npoy4YyaBakbe PasaInunTMX
meToza, Koje omoryhaBajy HbMXOBO aHa/IMTUYKO M HYMEPWUYKO peluaBakbe. Y MpUMeHW casHakba U
MaTeMaTUYKNX ONMca CTOXACTUYKUX NpoLLeca UCTakna ce rpyna ca Kateape 3a mexaHwky MalumHcKkor
dakynTeta y Huwy, noyeBlwn ca pesynTatmma M3 CTOXacTUUKe CTabUAHOCTU KOHTUHYaIHWUX, O4HOCHO
OVCKPETHUX cUCTeMa M ofbparbeHUMM LOKTOPCKMM AucepTaumjama AeBefeceTux rofuHa npowsior
BEKa, Ha Ty TeMy W cepujom nNyb/AMKOBAHWX pajoBa M3 TUX AOKTOpaTa, Moc/ie Tora, y OBOM
MUJIEHUjYMY.

CaBpeMeHV NpUCTYyN M3yyaBakby peHOMEeHa 3amopa CBe BMLLE 3axTeBa anaT Koju jefivHO
caBpeMeHa MexaHuKa, a nocebHO Teopuja IMHeaPHWX, HEIMHEAPHUX U CIYYAjHUX OcLmMAaLmMja , Kao 1
caBpeMeHa MaTeMaTUYKa J0CTUrHyha onmca CTOXacTMUYKMX NpoLeca ca CBUM eleMeHTMMa maTema-
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TUUYKe GeHOMEHO/I0TUje, MOXKe Aa NoHyAW. KomnieKcHa aHanusa npomeHe ontepeherba MallMHCKUX
efemeHata y XMOpUAHUM MALUMHCKMM CUCTEMUMA Ca C/IOXKEHOM CTPYKTYPOM W FeomeTpujama
yKasyje Ha TO Aa cy U3/10XKeHN BULegMMEH3NOHOM 3aMopy 1 Aa je aHanu3a Hemoryha 6e3 npumeHe
HenuHeapHe gMHaMKKe U M3yYaBakba CTOXACTUYKMUX ocLmnaLumja. Yenen CTanHuX 3axTeBa UHAYCTpUje,
y nocneamux AeceT roguHa cy aeduHUcaHe HoBe Teopuje M3 obacTn 3amopa, Koje objeanbaBajy
MOCTaBKe MEXaHWKe maTepujana U MexaHuKe IoMa U aepuHWLLY HOBE CKYNnoBe MapameTtapa y3 uunjy
nomoh MOXemMo [Ja KBaHTUOMKYjeMO YTWLAj] WM3BOpPa KOHLEHTpauuje HanoHa, MNpOU3BOJ/bHE
reomeTpuje y ycnosMma BULLIEOCHOT 3amopa. Te HoBe Teopuje cy TCD (Theory of Critical Distance —
Teopuja KPWUTUYHUX pacTojakba) M MWCM  (Modified Wohler Curve Method - MeToaa
mopuduKosaHe Veler-oBe Kpuse) 1 HWXOB Aa/bi Pa3Boj UAeE Y HEKOJMKO Npasaua. Tv nNpaBuu cy:
HUCKOLIMKIMYHUW 3aMOp, BMBpaLumje y 3amopy M KyMynaTUBHU edeKaT cToxacTUUYKor 3amopa. Boaehu
MCTParKMBAUYKM TMMOBM y Cpbuju Ha Temy 3amopa cy ca MawwuHckor dakynTeT y beorpasy, Kao u ca
OPYrUX TEXHUYKMX GaKyATeTa U UHCTUTYTA.

Y Tom cmucay, Tema Hawer MuWHU-CUMMO3Wjyma je MW3y3eTHO aKTyesHa, 3axTesa
aHra)KOBaHOCT MCTpaskmBada M y 06/1aCTM MaTeMaThKe, Kao U TEOPMjCKe aim U eKCnepuMeHTanHe
MeXxaHuKe.

Y ume opraHusaTtopa MuHu-cumnosmjyma

Katnua (CreBaHoBuh) Xeapux
MaTtematnykun nHctutyt CAHY
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PREFACE

Theory of stochastic differential equations, as part of theory of stochastic process, starts to
develop on forties of XX century by works of soviet mathematician I.I. Gikhman and Japanese
mathematician Kisio It6. Both scientist, independently introduce term of stochastic differential
equation which solution is MarkoVv’'s process. In the definition of general accepted Ito’s approach,
stochastic integral lays as an integral of random function on process of Brownian movement. Since
that time, this theory has intensive development, especially after introduction of martingale by J.
Doob, in fifties of XX century. This allowed creation of numerous classes of stochastic differential
equation on martingale and martingale values. Significant results were achieved by I. Gikhman, A. N.
Skorohod, H. Kunite, S. Watanabe, P. A. Meyer, H. P. McKean, C. Doleans-Dade and many others. In
Serbia, significant results were achieved by groups of researchers from: Faculty of Sciences from Novi
Sad with prominent academician Stevan Pilipovic; Mathematical Institute of Serbian Academy of
Science and Art; Faculty of Sciences and Mathematics in Nis with leading professor Svetlana Jankovic
and Faculty of Mathematics in Belgrade.

Keeping on mind that stochastic differential equations can be used for modeling of dynamic
systems with random excitations, very often of Gaussian white noise type, which mathematical
interpretation is process of Brownian movement, it is evident that scientists have interest in
research, finding solutions and application of such equation in mechanics, economy, ecology, electro-
technical sciences, medicine, traffic etc. However, there is very narrow class of effectively solvable
stochastic differential equations, which makes interesting research of different methods for their
analytical and numerical solving. There is a particular contribution of Department for Mechanics from
Mechanical faculty in Nis, in discovering, mathematical description and application of new results,
starting from stochastic stability of continuous and discrete systems. This is verified by two doctoral
dissertations and published papers last twenty years.

Contemporary approach in research of fatigue phenomenon have more demand toward
science of mechanics, particularly in theory of linear, nonlinear and random oscillations, as well as
mathematical achievements in description of stochastic processes with all elements of mathematical
phenomenology. Complex analysis of loading variation on machine elements in hybrid mechanical
systems with complex structure and geometries, leads to conclusion that they are exposed to multi-
axial fatigue. This also means that analysis is impossible without application of nonlinear dynamics
and understanding stochastic oscillations. Due to always present demands from industry, in last ten
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years new theories in fatigue are formulated, which integrate basic fracture mechanic ideas with
mechanics of material. As a result a new class of parameters emerged and helps us to quantify
influence of any type of stress raiser under multi-axial fatigue loading. These new theories are TCD -
Theory of Critical Distance and MWCM - Modified Wohler Curve Method and their further
development goes in few directions. Those directions are: low-cycle fatigue, vibrations in fatigue and
cumulative effect of stochastic fatigue. Leading research teams in Serbia in this field of research are
from Faculty of Mechanical engineering in Belgrade and other technical faculties and institutes.

All above noted makes the topic of our Mini symposia very state-of-the-art and requires
engagement of researchers from mathematics, as well as from theoretical and experimental
mechanics.

On behalf of the organizers of Mini-symposium

Katica (Stevanovic) Hedrih
Mathematical Institute of SASA
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Mporpam
MUWHN-CUMNO3Njym
CroxacTuuke ocumnaumje u 3amop: Teopuja nu npumeHe

Mpojekat O 174001, MaTtemaTmnikm nHcTuTyT CAHY
"
BbunatepanHu npojekar 3-19,
MawwHcKku pakynTeT YHUBep3uTeTa y beorpagy u
School of Science, Northwestern Polytechnic University, Xi"an, Shaanxi.
MW CAHY, Beorpag, 4 jyn 2017, og,11,00h, cana | Ha npsom cnparty, yia. KHesa Muxauna 36.

Organizers:
Katica R. (Stevanovi¢) Hedrih, Mathematical Institute SASA
Radivoje Mitrovi¢, Faculty of Mechanical Engineering, University of Belgrade
Junfeng Zhao, School of Science, Northwestern Polytechnic University, Xi’an, Shaanxi
Natasa TriSovi¢, Faculty of Mechanical Engineering, University of Belgrade

OpraHusaropm:
Katuua (CresaHosuh) Xeapux,
Matematnukn nHctutyT CAHY y beorpagy, pykosoaunal, Mpojexkra OX 174001.

Pagueoje Mutposuh,
MalumrHcKm dakynTeT, YHUBep3uTeT y beorpaay,
KoopAauHaTop 6unatepanHor npojekTa 3-19 usmehy Cpbuje n HapogHe Penybivke Kune.

JyHdeHr 3xao,
Northwestern Polytechnic University, Xi'an,
KoopAuHaTop bunatepanHor npojekTa 3-19 nsmehy Cpbuje n HapogHe Penybavke Kune.

Harawa Tpuwosuh,
MawwuHckmn dakynTet, YHuBep3uTeT y Beorpaay, ydecHuk npojekata O 174001 n 3-19.
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Welcome addresses

Zoran Ognjanovi¢
Director of Mathematical institute of the Serbian Academy of Sciences and Arts

Vladimir Popovi¢, State secretary of State,
The Ministry of Education, Science and Technological Development of the Republic of Serbia

O6pahare gobpogownuue:
3opaH OrwaHoBuh
Oupektop MaTemaTuiKor MHCTMTYTa Cpricke akasemuje HayKa M YyMETHOCTH

Bnagumup Monosuh, apxasHu cekpetap
MMHUCTapCTBO NPOCBETE, HayKe M TEXHOOLWKOT pa3soja, Bnage Penybamke Cpbuje

MpBa cekyuja — First Session.

MNpepcepasajyhu:

CseTnaHa JaHkosuh, MNpnpoaHo-maTeMaTUYKK GakynTeT YHMBep3uTeTa y Huwy
Wei Li, Northwestern Polytechnic University, Xi’an

Paausoje Mutposuh, MawunHcku dakynTeT, YHUBep3uTeT y beorpaay

Chairmans:

Svetlana Jankovi¢, Faculty of Science and Mathematics at University of Nis

Wei Li, Northwestern Polytechnic University, Xi’an

Radivoje Mitrovié, Faculty of Mechanical Engineering, University of Belgrade

Opening lecture

Dynamics of a fractional derivative type of a visco-elastic rod with

random excitation
Stevan Pilipovi¢
Serbian Academy of Sciences and Arts and
Department of Mathematics and Informatics , University of Novi Sad, Serbia
e-mail: <stevan.pilipovic@gmail.com>

OnHamuKa n3Boaa GppaKLMOHOr TUMNA 32 BUCKO-e/1aCTUYHM LITan ca

cnyyajuum nopemehajuma
CreBaH Nuaunosuh
Cpncka akagemumja HayKa U YMeTHOCTU U
[enapTmaH maTemaTtnke n nHbopmaTtmke YHusepsuteta y Hosom Cagy, Cpbuja
e-mail: <stevan.pilipovic@gmail.com>
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Invited Lectures - MpepaBaka no nosusy:

Some effects of perturbations on solutions of backward stochastic differential equations
Authors: Jasmina Djordjevi¢, Svetlana Jankovi¢
Faculty of Sciences and Mathematics, University of Nis, Serbia

E-mail: djordjevichristina@gmail.com, sviank@pmf.ni.ac.rs

Heku edpeKktn neprypbaumja Ha pewwerba “backward” croxactuukux audepeHumjanHUX jegHauMHa
Aytopu: JacmuHa Hophesuh, CBeTnaHa JaHkosuh
MpupogHO maTemaTUYKM GarynTeT, YHMBep3uTeTa y Huwy, Huw, Cpbuja
E-mail: djordjevichristina@gmail.com, sviank@pmf.ni.ac.rs

* %k %k

An application of Taylor expansion in the approximation of solutions to various types of stochastic
differential equations
Authors: Marija Milosevi¢, Miljana Jovanovic and Svetlana Jankovié¢
Faculty of Sciences and Mathematics, University of Nis, Serbia

E-mail: : 27marija.milosevic@gmail.com, mima@pmf.ni.ac.rs, sviank@pmf.ni.ac.rs

MpumeHa TejnopoBsor pasBoja y anpoKCMMaLMju peLleba pas/IMuUTUX TUNOBA CTOXaCTUYKUX
AndepeHumnjanHUX jeaHaumHa
Aytopu: Mapuja Munowesuh, MumpaHa JosaHosuh u CBeTnaHa JaHKosuh
MpupoaHo matemaTnukun dakynTet, YHusepsuteta y Huwy, Huw, Cpbuja

E-mail: 27marija.milosevic@gmail.com, mima@pmf.ni.ac.rs, sviank@pmf.ni.ac.rs

A review: Two methods and two models for investigation of stochastic stability of deformable forms and
dynamical processes in hybrid systems with complex structures

Author: Katica (Stevanovi¢) Hedrih
Mathematical Institute of SASA, Belgrade, Serbia
e-mail: khedrih@sbb.rs

JepaH npernea: [ise metoge 1 ABa MOAeNa CTOXacTMUKe cTabuaHocTi aepopmabunHmx popmu m
AVHAMMUYKUX NpoLLeca Y XM6PMAHUM CUCTEMUMA Ca KOMNIEKCHUM CTPYKTypama

Aytop: Katnua (CreBaHosuh) Xeapux
MaTtematnukm nHctutyT CAHY, Beorpag, Cpbuja

e-mail: khedrih@sbb.rs

Opyra cekuuja — Second Session.
MNpepcepasajyhu:
Drazan Kozak, University of Osijek, Faculty of Mechanical Engineering, Slavonski Brod, Croatia

Junfeng Zhao, Northwestern Polytechnic University, Xi’an
AnekcaHgap Ber, MawuHcku dakyntet, YHUBep3uTeT y beorpagy
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Chairmans:

Drazan Kozak, University of Osijek, Faculty of Mechanical Engineering, Slavonski Brod, Croatia
Junfeng Zhao, Northwestern Polytechnic University, Xi’an

Aleksandar Veg, Faculty of Mechanical Engineering, University of Belgrade

Lecture: Application of improved genetic algorithm in microstructure optimization of closed cell material
Authors: Junfeng Zhao, Radivoje M. Mitrovi¢
Applied Mathematics Department, School of Science, Northwestern Polytechnical University,
Xi’an, Shaanxi, 710072, China
Email: zhaojf@nwpu.edu.cn
Faculty of Mechanical Engineering, University of Belgrade, Belgrade, Serbia
E-mail: rmitrovic@mas.bg.ac.rs

MpepaBare: MpumeHa NO60/bLIAHUX FTEHETUUKMX anropuTama y onTUMMU3aLmnju MUKPOCTPYKTYpe
3arBopeHor henujckor matepujana
Aytopwu: Junfeng Zhao, Pagusoje Mutposuh
Applied Mathematics Department, School of Science, Northwestern Polytechnical University,
Xi’an, Shaanxi, 710072, China
Email: zhaojf@nwpu.edu.cn
MawwwuHckmu dakynTet, YHuBepsuTet y beorpaay, beorpaa, Cpbuja
E-mail: rmitrovic@mas.bg.ac.rs

* %k k

Lecture: First passage problem of a kind of fractional dynamical system under noise excitations
Authors: Wei Li, Natasa Trisovic
School of Mathematics and Statistics, Xidian University, Xi’an, Shaanxi, 710071, China
Email: liweilw@mail.xidian.edu.cn
Faculty of Mechanical Engineering, Department of Mechanics, University of Belgrade, Belgrade, Serbia
E-mail: ntrisovic@mas.bg.ac.rs

MNpepaBare: MpBu NPosa3 CTOXaCTUYKOT AMHAMUYKOF cUCTeMa ca PPaKLLMOHUM U3BOZOM MoJ,
FaycoBom nobyaom
Aytopu: Wei Li, Hatawa Tpuwosuh
School of Mathematics and Statistics, Xidian University, Xi’an, Shaanxi, 710071, China
Email: liweilw@mail.xidian.edu.cn
MawwuHckmu dakynTet, YHuBepsuTet y beorpaay, beorpaa, Cpbuja
E-mail: ntrisovic@mas.bg.ac.rs

* %k k

Lecture: Role of stochastic vibrations in neural and fault dynamics
Authors: Srdan Kosti¢, Kristina Todorovic¢
Institute for Development of Water Resources "’Jaroslav Cerni”’,
Belgrade, Serbia
E-mail: srdjan.kostic@jcerni.co.rs
Faculty of Pharmacy, Department for Mathematics and Physics, University of Belgrade
Belgrade, Serbia
E-mail: kisi@pharmacy.bg.ac.rs
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MpepaBarbe: Ynora cToxacTMUKMX BUGpauuja y AMHaMULLIM pacesa U HeypoHa
Aytopu: CphaH Koctuh, KpuctuHa Togoposuh
MHcTUTYT 33 Bogonpuepesy 'Japocnas YepHu'’, beorpaa, Cpbuja
E-mail: srdjan.kostic@jcerni.co.rs
dapmaueytcku pakynteT, Kategpa 3a matemMatuky u ¢usmnky, YHusepautet y beorpaay,
Beorpag, Cpbuja
E-mail: kisi@pharmacy.bg.ac.rs

Lecture: Monte Carlo simulation method application in stochastic stability analysis of
complex nano-systems
Author: Ivan Pavlovi¢
Faculty of Mechanical Engineering, University of Nis, Nis, Serbia
E-mail: pivan@masfak.ni.ac.rs

MpepaBawe: MpumeHa MoHTe Kapao cumynaumje y aHanu3m cToxacTuuKe ctabuaHoctu
CNOXKEHUX HAHO-cUcTEMa
Aytop: UeaH Masnosuh
MauwwuHckmu pakynTet, YHusepsutet y Huwy, Huw, Cpbuja
E-mail: pivan@masfak.ni.ac.rs

k% k

Tpeha cekuuja — Third Session.

MNpepcepasajyhu:

Harawa Tpuwosuh, MalumnHckn dakyateT, YHusep3suteT y beorpaay,

AnekcaHgap Cegmak, MawunHcku dakyntet, YHuBep3uTeT y beorpaay

Oejan b. Momuunosuh, UHCTUTYT 3a ncnutuBarbe matepujana, beorpaa, Cpbuja

3nara Jenaunh, MawwmnHcku dakyntet, YHuBep3utet y CapajeBy, Capajeso, bocHa 1 XepLerosuHa

Chairmans:

Natasa TriSovié, Faculty of Mechanical Engineering, University of Belgrade

Aleksandar Sedmak, Faculty of Mechanical Engineering, University of Belgrade

Dejan B. Momdilovi¢, Institute for testing of materials IMS, Belgrade, Serbia

Zlata Jelaci¢, Faculty of Mechanical Engineering, University of Sarajevo, Sarajevo, Bosnia and Herzegovina

Lecture: Vibration analysis in the thermal power plant
Authors: Aleksandar Veg, Emil Veg
Faculty of Mechanical Engineering, University of Belgrade, Belgrade, Serbia
E-mail: aveg@mas.bg.ac.rs, eveg@mas.bg.ac.rs

MpepaBare: AHann3a BM6paLmja y TepmoeneKkTpaHm
AyTtopu: AnekcaHpap Ber, Emun Ber
MawwHcku pakynTeT YHUBep3uTeTa y beorpagy, beorpag, Cpbuja
E-mail: aveg@mas.bg.ac.rs, eveg@mas.bg.ac.rs

k% %k
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Lecture: Fatigue crack growth in friction stir welded AA 2024 T joint
Authors: Aleksandar Sedmak, Drazan Kozak
Faculty of Mechanical Engineering, University of Belgrade, Belgrade, Serbia
E-mail: asedmak@mas.bg.ac.rs
University of Osijek, Faculty of Mechanical Engineering, Slavonski Brod, Croatia

E-mail: dkozak@sfsb.hr

MNpepaBatbe: Pact 3amopHe NpcanHe y 3aBapeHom T-cnojy Tperbem
Aytopu: AnekcaHgap Ceamak, [ipaxkaH Kosak
MawwuHckmu dakrynTet, YHuBepsuTeT y beorpaay, beorpaa, Cpbuja
E-mail: asedmak@mas.bg.ac.rs
University of Osijek, Faculty of Mechanical Engineering, Slavonski Brod, Croatia

E-mail: dkozak@sfsb.hr
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Lecture: Reinventing gradient mechanics
Authors: Dejan B. Momcilovi¢, Radivoje M. Mitrovi¢
Institute for testing of materials IMS, Belgrade, Serbia
E-mail: dejan.b.momcilovic@gmail.com
Faculty of Mechanical Engineering, University of Belgrade, Belgrade, Serbia
E-mail: rmitrovic@mas.bg.ac.rs

MpepaBsare: NoBpaTtak mexaHULM rpaaujeHara
Aytopu: flejaH 6. Momuunosuh, Pagusoje M. Mutposuh
MHCTUTYT 33 ucnutmneare matepujana MMC, beorpaga, Cpbuja
E-mail: dejan.b.momcilovic@gmail.com
MawwuHckmn dakyntet YHnsepsuteta y beorpaay, beorpag, Cpbuja
E-mail: rmitrovic@mas.bg.ac.rs
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Lecture: Fatigue crack initiation in a spur gear tooth root
Author: Daniela Risti¢
TEHNIKUM TAURUNUM High School of Engineering, Belgrade-Zemun, Serbia
E-mail: daniela.ristic@gmail.com

NpepaBare: HactaHak 3amopHe NPC/AMHE Y KOPeHy 3ynua LWWANHAPUYHOT 3yNYaHuKa
Aytop: OaHuena Puctuh
TEXHUKYM TAYPYHYM, Bucoka UHKerepcKa WKoAa CTPYKOBHUX CTyAuja
Beorpag-3emyH, Cpbuja
E-mail: daniela.ristic@gmail.com

Yerspra ceKumja — Fourth Session.

Npepcepasajyhu:
Kpuctuna Togoposuh, ®apmaueytckun daryntet, Kateapa 3a matematuky u ¢ounsmky, YHusepsuTeT y beorpaay

AnekcaHpap Ber, MawuHcku dakynTtet, YHuBep3uteT y beorpaay
Danuena Puctuh, TEXHUKYM TAYPYHY M, Bucoka UHKerepcKa LLKOIa CTPYKOBHUX CTyAuja
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Chairmans:
Kristina Todorovié, Institute for Development of Water Resources " Jaroslav Cerni’

Aleksandar Veg, Faculty of Mechanical Engineering, University of Belgrade
Daniela Risti¢, TEHNIKUM TAURUNUM High School of Engineering, Belgrade-Zemun, Serbia

Lecture: Perturbation methods applied for solving nonlinear pendulum oscillations
Authors: Misa Stojicevi¢, Branislav Popkonstantinovic¢
Faculty of Mechanical Engineering, University of Belgrade, Belgrade, Serbia
E-mail: mstojicevic87@gmail.com

MpepaBare: MeTtoaa neptypbaumja npumerbeHa y pellaBakby HeIMHeapHUX ocuuiaumja KnaTHa
Aytopu: Muuwa Crojuhesuh, BpaHucnas NMonKkoHcTaHTMHOBUA
MawwuHckmu dakynTet, YHuBepsuTeT y beorpaay, beorpaa, Cpbuja
E-mail: mstojicevic87@gmail.com
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Lecture: Contact force problem in the rehabilitation robot control design
Author: Zlata Jelaci¢
Faculty of Mechanical Engineering, University of Sarajevo
Sarajevo, Bosnia and Herzegovina
E-mail: jelacic@mef.unsa.ba

MpepaBatkbe: Mpobnem KOHTAKTHE CUe y AN3ajHY ynpaB/bayke cTpaTternje pexabunuraymoHmx pobora
AyTtopu: 3nata Jenaunh
MawuHcku dakyntet, YHusep3suTert y Capajesy, Capajeso, bocHa 1 XepuerosuHa
E-mail: jelacic@mef.unsa.ba

* %k k

Lecture: Risk based approach to integrity assesment of a large steel structure
Authors: Aleksandar Sedmak, Snezana Kirin, Petar Stanojevi¢
Faculty of Mechanical Engineering, University of Belgrade, Belgrade, Serbia
Innovation Center of the Faculty of Mechanical Engineering, Belgrade, Serbia

MNpepasambe: MpoLueHa MHTErpuTeTa BEJIMKUX YEIMYHUX KOHCTPYKLIMja 3aCHOBaHA Ha OL,EHU pU3MKa
AyTtopu: AnekcaHpap Ceamak, CHexkaHa KupuH, Metap CtaHojesuh
MawunHcKkux parynTet, YHuBep3uTeT y beorpaay, beorpaa, Cpbuja
MHoBaLMOHM LeHTap MalunHcKor dpakynTeT YHuBep3uteta y beorpagy, beorpaa, Cpbuja
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DYNAMICS OF A FRACTIONAL DERIVATIVE TYPE OF A VISCO-ELASTIC ROD
WITH RANDOM EXCITATION

Stevan Pilipovié
Serbian Academy of Sciences and Arts
Department of Mathematics and Informatics, University of Novi Sad
Trg D. Obradovica, 21000 Novi Sad, Serbia
e-mail: <stevan.pilipovic@gmail.com>;

In many applications we are faced with axially loaded visco-elastic rods. Often, the load that is
applied at the one end of the rod has two components: the deterministic one and the stochastic one
that we call noise. The deterministic part may come from the own weight of the system (for example
the weight of the bridge that is supported by a rod) while the stochastic part may come from
additional load (wind, or traffic over the bridge, for example).

In this work we continue our earlier investigation and essentially extend the analysis presented there
by introducing the stochastic components to the loading. The stochastic component is assumed to
have two parts, unbounded and bounded ones. In this way we direct our investigations to more
realistic models related to visco-elastic rods. We prove the existence of solution for the case of such
stochastic loading and we present a numerical example illustrating the results for specified values of
parameters.

In this talk, the problem is modeled by the constitutive equations with fractional derivatives as well
as with the perturbations involving a bounded noise and a white noise process. Weak solutions for
the equations given below in two cases of constitutive equations as well as their stochastic moments
are determined.

Key words and phrases: Visco-elasticity, Fractional derivative distributed order, random excitation

Acknowledgement: Joint work with Academician Teodor Atanackovi¢ and Professors Marko
Nedeljkov and Danijela Rajter Ciri¢.
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OWHAMMUKA N3BOJA ®PAKLIMOHOI TUNA 3A BUCKO-E/TACTUYHM LUTAN
CA CNYHAJHUM NOPEMERAIMMA

CreBaH Munaunosuh
CpncKka akagemuja Hayka U YMEeTHOCTU U
Kateapa 3a matemaTnKy 1 MHPopmaTuKy YHuBep3uTeTa y Hosom Cagy
e-mail: <stevan.pilipovic@gmail.com>;

Y MHOrMM MpUMMeHamMa CMO CYO4YEeHM Ca aKcujasHo onTepeheHUMm BUCKOENACTUYHMM LUTAaNoBUMA.
Yecto, ontepehere, Koje ce npumerbyje Ha jeAHOM Kpajy lWTana Mma ABe KOMMOHEHTE:
OETEPMUHUCTUYKY W CTOXaCTUYKY, KOjy Ha3mMBamo LWyM. [leTepMUHUCTUYKM Ae0 moxe aohu u3
BNACTUTE TEXMHE cucTema (Ha npuMmep TeKMHA MOCTa KOju je MoAprKaH of WWIMKK), OOK ce
CTOXaCTUYKM Ae0 MoXKe nojaButu 36or goaaTHor ontepehera (Betap, uam caobpahaj npeko mocTa,
Ha npumep).

Y oBom pasy hemo HaCTaBUTU Halla paHWja UCTPaKMBaHbA U CYLUTMHCKM NPOWUPUTK HaLLy aHanusy
yBoherem CToXacTuuKe KOMMoHeHTe. [peTnocTaB/baMo Aa CTOXaCTMYKa KOMMOHEHTa MMa ABa 4ena,
HeorpaHuyeH WM orpaHuyeH. Ha oBaj HaYMH CMO YCMepMAM Halla UCTPaXKMBakba Ka peanHujum
MOZeNrMma, Koju ce oaHOCe Ha BUCKOeNacTUyHe wunke. [lokasyjemMo nocrojarbe pellera 3a Cayyaj
CTOXaCTUYKOr fAenoBakba M MPeacTaB/baMO HYMEPUUYKM NPUMEpP, KOju WAyCTpyje pesyntate 3a
oapeheHe BpeaHOCTU NapameTapa.

Y nsnarakby npobnem ce mogesnyje KOHCTUTYTUBHUM jefHa4YMHaMa ca GPaKLMOHUM M3BOAMMA Kao U
ca nopemehajuma, Koju yK/by4yjy OrpaHuyeHm Wym Kao u 6enn wym. Cnaba pellersa 3a jegHauvHe
Ca [,Ba TUMa KOHCTUTYTUBHMWX jeHAYMHa, Kao U HMXOBMU CTOXAaCTUYKM MOMEHTU he BUTK NprKasaHu.

HanomeHa: Pag je ypaheH y capagreu ca akagemmkom Teogopom ATaHaukosuhem u npodecopuma
Mapkom HepemmkoBum u anunjenom Pajrep hupwh.
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SOME EFFECTS OF PERTURBATIONS ON SOLUTIONS OF BACKWARD STOCHASTIC
DIFFERENTIAL EQUATIONS

Jasmina Djordjevié, Svetlana Jankovic¢
Faculty of Sciences and Mathematics
University of Nis
Nis, Serbia
E-mail: djordjevichristina@gmail.com, sviank@pmf.ni.ac.rs

ABSTRACT

Existence, uniqueness and some qualitative properties of solutions of backward stochastic differential
equations are mostly established. However, the behavior of state and control processes when drift and
diffusion coefficients are perturbed is interesting. The topic of this talk is the influence of additive, linear and
general functional perturbations on some more complex types of backward stochastic differential equations, as
well as the behavior of solutions of equations when these perturbations depend of a small parameter.

New results refer to a class of backward stochastic differential equations with different perturbations. The
solutions of these equations are compered in a sense of Lp norm with the solutions of appropriate unperturbed
equations of the same type. It is shown that there exists an interval on which the difference in Lp sense of
solutions of perturbed and unperturbed equations is smaller than a given value. The relation between the
solutions of homogeneous and nonhomogeneous backward stochastic Volterra integral equations with
additively perturbed coefficients, where the homogeneity is treated as a perturbation, is established.

The same problems are analyzed for backward doubly stochastic differential equations with the perturbation in
forward stochastic integral. The problems are solved when the coefficients satisfy Lipschitz, non-Lipschitz and
linear growth conditions. Theorems of comparison of solutions in all three cases, the existence of minimal and
maximal solutions and Kneser theorem are given. The relation between the solutions of these equations and
the solution of an associated quasilinear stochastic partial differential equation is established, i.e one type of
Feynman-Kac formula for nonhomogeneous backward doubly stochastic differential equations is derived.

Keywords: Perturbations, stability, comparison, Kneser.
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HEKU E®GEKTU NEPTYPBALIMIA HA PELLEHA “BACKWARD” CTOXACTUYKUX
ANOEPEHUMIANHUX JEAHAYUHA

JacmuHa hophesuh, CBeTnaHa JaHkosuh
MpupogHo MaTtemaTtnukum ®akynter,
YHuBep3uTeT y Huuwy,

Huw, Cpbuja
E-mail: djordjevichristina@gmail.com, sviank@pmf.ni.ac.rs

ANCTPAKT

EraucteHumja, jeAMHCTBEHOCT M HEKa KBa/MTaTMBHA CBOjcTBa pewerba ,backward”  croxactuukux
andepeHLuMjanHNX jegHaunHa yrnaBHOM cy no3Hatu. MehyTum, 3aHMM/bMBO je MoHalarbe npoueca cTakba U
KOHTPOJ/IHOT NpoLieca Kaga ce koedpuumjeHTn apmudta n gudysuje neptypbyjy. Tema oBor npesasatba je yTuLaj
KaKO aUTUBHUX U SIMHEAPHUX, TaKO U OMWTUX GYHKUMOHANHUX nepTypbauuja Ha HeKe CoXKeHuje Tunose
,backward” croxacTuukux pudbepeHUMjaNHUX jefHAauYMHA, Kao W MOHallakbe pellera jefHauMHa Kaja Te
neptypbaumje 3aBu1ce og Manor napamerpa.

HoBswu pesyntatu ce ogHoce Ha Knacy ,backward” cTtoxacTukmux gudepeHumjaiHUX jelHauMHa ca PasINunTUM
neprypbaumnjama. Pewera oBux jegHaumHa ce ynopehyjy y cmucay Lp Hopme ca peluersuma ofrosapajyhux
HenepTypboBaHWX jeAHauYMHa ucTor TMna. Mokasyje ce Aa NOCTOjU MHTEPBAN Ha KOME je pa3/ivKa peluersa y Lp
cmucny neptypboBaHe M HenepTypboBaHe jegHauYMHe Makba 04, 3ajaTe BpeaHocTU. U3Boam ce Besa usmehy
pellerba XomoreHe M HexomoreHe ,backward” ctoxactuuke Volterra uHTerpanHe jegHauvHe ca agUTUBHO
neptypboBaHUM KoepUUMjeHTMMa, rae Ce HEXOMOreHOCT TPETUPA Kao nepTtypbaumja.

AHanusumpajy ce uctm npobnemu 3a ,backward doubly” croxactmuke amdepeHumjanHe jegHaumHe ca
neptypbaumjom y ,forward” croxactmukom uHTerpany. Mpobnemu cy pewasaHW Kaga KoebuumjeHTu
33408B0/baBajy Lipschitz-ose ycnose, He-Lipschitz-oBe MHTerpanHe ycnose v ycioB AMHeapHor pacrta. Jokasyjy
ce Teopeme ynopehuBarba pellera y cBa TpM Cay4aja, ersucteHumja MMHUMANHON U MaKCMMasIHOT pellera 1
Kneserova Teopema. U3BeaeHa je Be3a pellera OBUX jeAHaYyMHa ca pellereM NpUApYyKeHe KBaswinHeapHe
cToXacTMuKe napuujanHe andepeHumnjanHe jefHaunHe, Tj. U3BeaeH je jeaaH 06k Feynman-Kac popmyne 3a
HexomoreHu T1n ,backward doubly” cToxacTnuke andepeHuymjanHe jeaHaumnHe.

KmyuHe peun: Meptypbauuje, ctabunHoct, ynopehusare pellera, Kneser
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AN APPLICATION OF TAYLOR EXPANSION IN THE APPROXIMATION OF SOLUTIONS TO
VARIOUS TYPES OF STOCHASTIC DIFFERENTIAL EQUATIONS

Marija Milosevi¢, Miljana Jovanovi¢ and Svetlana Jankovi¢
Faculty of Sciences and Mathematics
University of Ni$
Nis, Serbia
E-mail: 27marija.milosevic@gmail.com, mima@pmf.ni.ac.rs, sviank@pmf.ni.ac.rs

ABSTRACT

Stochastic differential equations in most cases cannot be solved explicitly and this fact represents a motivation
for studying different methods in order to determine their approximate solutions. The subject of this talk are
analytic approximations of solutions to various types of these equations, such as stochastic differential
equations, stochastic integrodifferential equations, stochastic functional differential equations, pantograph
stochastic differential equations with Markovian switching and stochastic differential delay equations with
Poisson random measure.

For each type of stochastic differential equations the corresponding approximate equations are defined on
equidistant partitions of the time interval, and their coefficients are Taylor approximations of the coefficients
of the initial equations. The estimation of the closeness between the exact and approximate solutions requires
the application of particular techniques, which depend on the type of the equations under consideration. This
technique is based on Lipschitz condition and linear growth condition, which implies the existence and
uniqueness of the solution to the initial equation. Additionally, we impose the appropriate differentiability
conditions on the coefficients of the initial equation in order to guarantee that the approximate equations are
well-defined, together with the assumption that the moments of the exact and approximate solutions are
finite.

It will be shown that the approximate solutions converge in the L*-sense and almost surely to the solutions of
the corresponding initial equations. The order of the L°-convergence of the approximate solutions to the
solution of the initial equation is established and it increases when the number of degrees in Taylor
approximations of coefficients increases.

Keywords: Stochastic differential equations, Taylor expansion, analytic approximation.
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NMPUMEHA TEJJTOPOBOTI PA3BOJA Y ATPOKCUMALWUIN PELLEA PASTUMUTUX TUIMOBA
CTOXACTUYKMX AUDEPEHUUIANHUX JEAHAYUHA

Mapuja Munowesuh, MusbaHa JosaHosuh u CeeTnaHa JaHkosuh
MpupoaHo-maTemaTnuku dakynteT, YHuBepautet y Huwy , Huw, Cpbuja
E-mail: 27marija.milosevic@gmail.com, mima@pmf.ni.ac.rs, sviank@pmf.ni.ac.rs

ANCTPAKT

CroxacTuuke gaudepeHuMjanHe jeAHAYMHE Yy MHOTMM  CAy4YajeBMMA HUCY eKCMIMUMTHO peluunBe, LITO
npeacTaB/ba MOTUBALMjy 3a MpoyvaBarbe PasIMUUTMX MeToda 3a opapehuBarbe anpoKCMMATUBHUX pelleHsa.
MpegmeT oBOr M3narakba Cy aHaIMTUYKE anpoKCMMaLmje pellera pasinynTX TUNoBa jeAHaynHa, Kao WTo cy
cToXacTuuke gudepeHumjanHe jeaHauMHe, CTOXacTUUKe UHTerpo-aubepeHumjanHe jeaHaunHe, GyHKLMOHaNHe
cToxacTuuke aAundepeHumjanHe jeaHauuHe, naHTorpadcke CcToXacTuuke audepeHuMjanHe jeaHauuHe ca
npenasvma MapKoBa U CTOXacTuyKe audepeHumjaniHe jefHaunHe ca KallkbereM U MyacoHOBOM C/yvajHOM
Mepom.

3a CBaKM TUM CTOXaCTUYKUX AudepeHLMjanHUX jeAHAYMHa, ogrosapajyhe anpoKCMMaTUBHE jeflHaYMHe ce
OebUHMILY Ha eKBWMAMUCTAHTHO] MNapTULMjM BPEMEHCKOT WHTEPBANA M KOepUUMjEHTU TUX jefHauYuHa cy
TejnopoBe anpokcvmauuje KoedbuumjeHaTa nonasHUX jeaHaumHa. OuerouBarbe 6/IMCKOCTM  TayHOr W
ANPOKCUMATUBHOI peLleHa 3axTeBa NPUMeHy crneundUYHUX TEXHMKA Koje Cy YCI0B/beHEe TUMOM pa3maTpaHe
jeAHauMHe. Y OCHOBM Te TexHWKe je npumeHa JIMNWMLOBOr ycioBa M YCAOBa /IMHEAPHOr pacta Koju
UMMIMLMPAjY ersucTeHumjy 1 jeAMHCTBEHOCT pellera NnosiasHe jeaHaumHe. Mopea Tora ce yBoae oarosapajyhu
ycnosu andepeHumjabunHocTv KoeduumjeHaTa noiasHe jefHauYMHe Kako b1 anpoKkCcUMmaTuBHe jefHaumHe bune
006po aedunHMCcaHe, Kao 1 NPETNOCTAaBKA O OFPAHUYEHOCTM MOMEHATa TaYHOT M anPOKCMMATUBHOT peLletba.
Moka3syje ce Oa anpoKCMMaTVMBHa pellerha KOHBeprupajy y LP-cmucay M CKOpo M3BECHO Ka pelleruma
oarosapajyhux nonasHux jegHaumHa. Oppehyje ce pep, LP-koHBepreHupje anpoOKCUMaTMBHMX pellerba Ka
pelerma NoNas3HUX jeflHAaYMHA M OH pacTe Kaga pacte 6poj cteneHu y Tejnoposum anpoKcumaumjama
KoeduumjeHaTa.

KmbyuHe peun: Ctoxactnuke gudepeHumjanHe jeaHaunHe, TejiopoB passoj, aHaAUTUUKe anpoKcumaumje.
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A REVIEW: TWO METHODS AND TWO MODELS FOR INVESTIGATION OF STOCHASTIC
STABILITY OF DEFORMABLE FORMS AND DYNAMICAL PROCESSES IN HYBRD SYSTEMS
WITH COMPLEX STRUCTURES

Katica (Stevanovi¢) Hedrih
Mathematical Institute of SASA, Kneza Mihaila 36/11l, 11000 Belgrade, Serbia, e-mail: khedrih@sbb.rs

Two systems of partial differential equations of transversal stochastic vibrations of two different hybrid
sandwich double beam system (see Figure 1.) was derived. Beams are graded by ideal elastic material and
elastically or visco-elastically connected by distributed standard light elastic or fractional order of hereditary
elements. Beams have same length and compressed by axial stochastic external excitation. The influence of
rotator inertia of beam cross sections and transverse shear of beam cross section under the transverse forces
are taken into account and corresponding member in the partial differential equations. Bernoulli particular
integral method and Lagrange method of variation constant are used for transformation problem. Asymptotic
averaged method is used for obtaining first approximation system of differential equations as Ito stochastic
differential equations. The Lyapunov functional and its corresponding first derivative with respect to time are
derived for stochastic stability investigation of sandwich double beam system deformable shapes and
transversal vibration processes under the external stochastic axial one frequency excitation. Also, by the use of
the averaging method for system stochastic Ito differential equations with respect to the stochastic amplitudes
and phases of eigen time functions in the corresponding eigen amplitude modes the sets of Lyapunov
exponents are obtained and evaluated asymptotically when the intensity of the excitation process is small
(Refs. [1-6]).

Fugyre 1. Two models of double beam hybrid systems.a* ideal elastic system and c* corresponding element of the system: b* two ideal
elastic beams coupled by discrete continuum layer with fractional order properties and d* corresponding element of the system
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JEAAH NPEMNEA: ABE METOAE U ABA MO/JE/IA CTOXACTUYKE CTABU/THOCTH
AEOOPMABUNTHUX ®OPMU U ANHAMUNYKUX NPOLIECA Y XUBPUAHNUM CUCTEMUMA
CA KOMMJIEKCHUM CTPYKTYPAMA

Katuua (CreBaHosuh) Xegpux
MaTtemaTnukm MHcTUTYT CAHY, KHesa Muxauna 36/I11, 11000 beorpag, Cpbuja, e-mail: khedrih@sbb.rs

M3BeaeHa cy ABa cucTema napumjanHux amdbepeHumnjanHmUx og4HOCHO MHTErpaaHo audepeHUunjanHux jeaHaunHa
unn GpaKkLMOHOr pesia, Koju onucyjy TpaHceep3asHe ocuuaaumje Aga pasnmynTta xubpugHa cuctema og, o age
cnperHyte rpege (Bugu cavky 1). Tpege cy MOeanHo enactuyHe, a Be3aHe Cy AUCKPETHUM WAeanHo
€N1aCTUYHUM WU BUCKO-€MaCTUYHUM, GPaKLUMOHOr pefa UAM HacnegHUM CTaHAAPAHWM NakUM enemeHTMma
KOTMHyaNHO pacnoge/beHUM Ay rpefa. I'peae cy ucte ayxuHe n ontepeheHe cy cnosballikbMM MPUTUCHUM
AKCUjalHUM CTOXaCTMUYKMM cunama. YTuuaj uHepumje obpTarba MONpPeYHMX Npeceka rpeda U CMuUaba
nonpeyHuUx npeceka ycnen AejcTBa TpaHCBEP3a/HUX CUA y3eTW cy y padyH ogrosapajyhum uynaHom y
napumvjanHum audepeHumjanHum jegHaumHama. KopuwheHa je Bernoulli-jeBa meToga napTuMKynapHUX
UHTerpana, Lagrange-osa meToda Bapujaumje KOHCTaHaTa 3a TpaHchopmaumjy npobaema, Kao M acCMMNTOTCKA
MeTofa ycpeatbera 3a gobujarbe cuctema gudepeHLMjanHUX jegHauMHa Npee anpokcMmalmje Kao |to-osumx
CTOXaCTUUKUX AndepeHumjanHUX jegHaunmHa no oarosapajyhvm CTOXacTUYKMM amnautygama u ¢dasama
COMCTBEHUX BpemMeHCKUX ¢yHKuuja. OppeheH je Lyapunov-/beB ¢yHKUMOHan u oarosapajyhu reros npsu
M3BOZ, MO BPEMEHY, 3a MOCMATPaHW XMOPUAHU CUCTEM, Pagm UCMUTUBAKA CTOXACTUYKe CTabUAHOCTM cucTema
noZ, A4ejcTBOM aKcujanHux cuna. Takohe je oppeheH ckyn Lyapunov-/beBuX eKCMOHeHaTa, Koju oprosapa
COMCTBEHO]j BPemMeHCKoj dyHKUMjU y oaroBapajyhem obnuky concteeHe amnautyaHe dyHKumje, Kopuwherem
oprosapajyher ckyna Ito-oBux cTOXacTUUKMX AudepeHUMjaNHUX jeflHauYMHa, a 3a UCMUTMBaHbe CTOXaCTUYKe
CTabuNHOCTM aKcujanHo onTepeheHor XMbpuaHor cuctema ciyyajHum cunama (Peg.. [1-6]).

Cnvka 1. [1sa mogena xubpuAHWX CUCTEMA Ca CTIPETHYTUM ABEMA rpeAama. a* MaeanHo enactuuHm cuctem; u c* ogrosapajyhu enemeHt
TOr cuctema; b* aBe naeanHo-enacTMyHe rpeae CnperHyTe AUCKPETHO KOHTUHYANHUM cnojem GppaKLMOHUX CBOjCTaBa (MW HacneaHUX
cBojcTaBa) u d* oarosapajyhu enemeHT TOr cUcTEMa
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APPLICATION OF IMPROVED GENETIC ALGORITHM IN MICROSTRUCTURE OPTIMIZATION OF
CLOSED CELL MATERIAL

Junfeng Zhao', Radivoje M. Mitrovi¢®
! Applied Mathematics Department, School of Science, Northwestern Polytechnical University, Xi’an,
Shaanxi, 710072, China
E-mail: zhaojf@nwpu.edu.cn
%Faculty of Mechanical Engineering, University of Belgrade, Belgrade, Serbia
E-mail: rmitrovic@mas.bg.ac.rs

ABSTRACT

Taking our proposition about the grid-based simulation for the microstructure of the closed-cell foam
into account, and choosing position of voids as optimal variables, this paper builds an optimal model
for the two-phase material with maximizing the effective thermal conductivity of the microstructure.
Then the paper seeks its solution by using the genetic algorithm. The numerical results show that the
optimal model we built is reasonable and the optimal algorithm we used to solve this model is also
effective. Furthermore, the results illustrate how the related factors make an effect on the optimal
solution.

Keywords: Genetic algorithm; Niche; Density clustering; Microstructure optimization
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NMPMMEHA NOBOJbLLUAHUX TEHETUMKUX AITOPUTAMA Y MUKPOCTPYKTYPHOJ
ONTUMU3ALUIU SBATBOPEHUX RENTUICKUX MATEPUIANIA
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ANCTPAKT

YBoaehu Haw npeasior 0 MPEXHO 3aCHOBaHO] CMMy/MaUMjM MWUKPOCTPYKTYpe MaTepujana ca henmnjckom
CTPYKTYPOM Yy NPOpayyH 1 buparbem nosuumja NpasHuHa (LWyn/brHa) Kao onTMMaHMX NPOMEH/bUBUX, OBaj Pag,
haje onTMmManHW Mmogen 3a pABodasHe MaTepujase ca  MaKCMMaZHOM  TepMUYKOM  nposogHowhy
MUKPOCTPYKType. MOoTOM, paf TpaXku pellerbe ynoTpebom reHeTcKor anroputma. Hymepuyku pesyntatu
MoKasyjy Aa je OnTMMasHW MOZesn KOju CMO HanpaBuAW pasymMaH a OMTMMAsHWM anroputam Koju CMo
ynotpebunu 3a pelwasare 0BOr mMogena Takohe eduKkacaH. Hagasbe, pesyntatm uaycTpyjy Kako nosesaHu
YMHMOLM Aenyjy Ha ONTUMANHO peLlerse.

K/byuHe peun: FeHETUMUYKM anropuTmn, MUKpPOCTPYKTYpHa onTMMM3aLmja
3axBanHoct

OBO wcTpaxkmBatbe je ypaheHo y okBupy npojekta Cpncko-KuHecke bunatepasHe capaarbe 3a nepuog 2015-
2017 (bpoj 3-19), Koju je nogp:kaH og, MUHUCTapCTBa MPOCBETE, HAayKe M TEXHOJIOLKOr pa3Boja, Ha YeMy CMO
VUCKPEHO 3aXBaJIHMW.
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FIRST PASSAGE PROBLEM OF A KIND OF FRACTIONAL DYNAMICAL SYSTEM UNDER NOISE
EXCITATIONS

Wei Li', Natasa Trisovic?

School of Mathematics and Statistics, Xidian University, Xi"an, Shaanxi, 710071, China
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ABSTRACT

In this paper, first passage problem of a kind of stochastic dynamical system with fractional integration and
derivative under Gaussian white noise excitation is explored. First, the fractional terms are approximated by a
set of combination of periodic functions based on the generalized van der Pol transformation. Then, stochastic
averaging method of energy envelope is applied to obtain a diffusive differential equation, from which the
Backward Kolmogorov equation governing the conditional reliability function and Generalized Pontryagin
equation governing the statistical moments of first-passage time are derived from the averaged equation and
solved numerically. Finally, the effectiveness and efficiency of our proposed methods on the first passage
problem are examined by the numerical experiments of two examples.

Keywords: First-passage, Stochastic averaging method, Monte Carlo simulation
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NPBM NPOJIA3 CTOXACTUYKOI AUHAMUYKOT CUCTEMA CA ®PAKLUMOHUM U3BOAOM MNOA,
FAYyCOBOM Noeyaom
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ANCTPAKT

Y oBOM pady, pasmaTtpa ce npobsem NpPBOr Nposasa CTOXACTUYKOT AMHAMUYKOP cucTema ca PppPaKLMOHOM
WHTerpauujom v 1M3BoAoM YKbydyjyhu laycos 6enun wym. Mpeo, GPaKLMOHW YNAHOBU CYy anpPOKCUMUPAHM
KOMOMHOBaHUM  MepUOaUYHUM  PyHKUMjamMa 3aCHOBAHMM Ha reHepanucaHoj BaH pgep [osoBoj
TpaHchopmaumju. MoTom je mnpvmerbeHa CTOXacTMUKa MeToAa YcCpeArbaBatba eHepruje 06BOjHMLE 33
oapehusarbe andysmoHe audepeHumjanHe jegHauvHe, M3 Koje npeko Kosmoropose jegHauuHe ce pobujajy
ycnoBHe QyHKUMje v reHepanusoBaHa [oHTpjarnHoBa jefHauYMHa Koja oapehyje CTaTUCTUUYKe TpeHyTKe npBor
nposasa M u3BeAeHe Ccy M3 ,ynpocedyeHe” jeAHauyuMHe U pelleHe Hymepuuyku. Hajsaz, edukacHocT u
edeKTUBHOCT HaLLUX NPeaNoXKeHNX MeToa Ha NPBOM MNPoJia3y NOKa3aH je HYMepPUYKM NpeKo ABa Npumepa.

KmbyuHe peun: pBu Nponas, CToxacTUYKa MeToaa ycpearbaBara, MoHTe Kapno cumynaumja
3axBanHoct
OBO ucTpaxkmBarbe je ypaheHo y okeupy npojekata OW 174001, TP 35011 n Cpncko-KuHecke bunatepanHe

capagrwe 3a nepuog 2015-2017 (Bpoj 3-19), koju je nogpskaH og MuHMCTApCTBa MPOCBETE, Hayke U
TEXHO/IOLWKOT pPa3Boja, Ha YeMy CMO UCKPEHO 3axBasHMU.
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ROLE OF STOCHASTIC VIBRATIONS IN NEURAL AND FAULT DYNAMICS

Srdan Kosti¢*, Kristina Todorovi¢?
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ABSTRACT

This lecture includes authors’ work on stochastic ordinary and delay differential equations, which govern the
complex neural and earthquake fault dynamics. In particular, stochastic vibrations are observed as an inherent
property of the environment where the real process takes place. In case of neurons, these random oscillations
refer to electrical fluctuations within neural networks, while, in case of seismogenic fault dynamics, white or
colored noise is associated with the background seismic noise, whose origin could be ascribed to the influence
of ocean waves, traffic, tectonic forces, distant earthquakes, etc. One should note that analyzed systems in fact
represent deterministic dynamical models, with included additive or multiplicative effect of white or colored
noise. From the purely mathematical viewpoint, these stochastic systems are solved by employing the mean-
field method, which enables the reduction of large systems of equations to relatively simple dynamical systems,
expressed through variables’ means, variances and a covariance.

Modeling of earthquake fault dynamics is based on the analysis of spring-block model, which is composed of a
single or more blocks interconnected via elastic springs. Blocks themselves are also connected to the driving
plate, which moves the whole system along the rough surface. Modeling of neural dynamics is based on a
simple FitzHugh-Nagumo model, which is a model of a neuron as an excitable system. This model could also be
treated as a representation of a relaxation oscillator.

There are two main effects of stochastic vibrations in these examined systems. In case of earthquake fault
dynamics, even small amplitude oscillations could induce a transition from equilibrium state to periodic
oscillations within the co-seismic regime. This actually means that seismogenic fault, which is near the
bifurcation (dynamical change), could make a transition between different regimes, even under the effect of a
weak noise. In case of neural dynamics, stochastic resonance and self-induced stochastic coherence are two
main mechanisms of noise-induced coherent motion. In particular, introduction of noise produces series of
spikes which could occur regularly so that the dynamics appears coherent with quite well defined frequency,
implying, in that way, the controlling effect of noise on neural dynamics.

Keywords: background seismic noise, bifurcation, mean-field, stochastic resonance, self-induced stochastic
coherence
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ANCTPAKT

Mpenasatbe obyxBaTa paj, ayTopa Ha pellaBatby CTOXACTUUKMX OBUYHMX M AudepeHUMjanHMX jegHaumHa ca
KalHeHeM, KOjUMa ce onucyje KOMNAEeKCHa AMHAMUKa KpeTakba reoIoWKNX paceia v AMHaMUKa HeypoHa. Y
OBMM CMCTEMMMA CTOXACTUUKe BUBpaLmje ce NoOCMaTpajy Kao MHXePEeHTHO CBOJCTBO CpeaMHe Y OKBUPY Koje ce
ofiBMja peanHuM npouec. Y cayyajy HeypoHa, CcToxacTuuke Bubpauuje oaparkaBajy efnekTpuuHe ¢ayKTyauuje
YHYTap NOCMaTPaHUX HEYPOHCKUX MPeXKa, AOK, Kog, AMHaMUKe cem3MoreHux paceaa, 6enm unm obojeHu wym je
Yy BE3N Ca LWYMOM Yy MO33aAMHU KpeTarba pacesa, M3a3BaHUM PAJOM OKeaHCKMX Tanaca, caobpahajem,
TEKTOHCKMM CU1ama, A,ejCTBOM yaasbeHux notpeca, U Ap. Tpeba uctahu Aa MCIUTMBAHW AUHAMUYKM CUCTEMM
3anpaBo MNpeacTaB/bajy AEeTEPMUHUCTMUKE MoAene, Ca YK/byYeHUM aAUTUBHUM WAUN MYATUMIMKATUBHUM
6enum nnm obojeHum wymom. Ca MaTemaTUUKOT acneKTa, OBU CTOXaCTUYKM CUCTEMM Ce peLlaBajy MPpUMeHOM
MeTofe ycpelraBarba, Koja omoryhaBa peayKkumjy BENUKUX CUCTEMA jeflHAYMHA Ha jeAHOCTaBHe, uuja ce
OVHaMMKa onucyje NPOMeHOM CpeAtbUX BPeAHOCTU, BapujaHCU U KOBapujaHCe NPOMEH/bUBUX.

MogaenoBare AMHAMWKE CEU3MOTreHWX pacesa 3aCHOBAHO je Ha aHanusu bapuu-KHonod mopena, Koju ce
cactoje opf, jegHor unun suwe mehycobHo nosesaHMx B10KOBA, KOjU Cy Takohe MoBe3aHW U Ca MOKPETHOM
N/JI04OM, KOja Y3pOKyje KpeTarbe YMTaBOr CMCTEMA Ay Xpanase nosplwun. Moaenosare AMHAMUKE HEypoHa
3aCHOBAHO je Ha aHanu3u jegHocTaBHOT PuLjy-Harymo moaena, Kojum ce HeypoH NOCMaTPa Kao eKcuUTabuaHu
OVHAMUYKM CUCTEM U PenaKkcaLMoHN 0CLMAaTopP.

Mory ce 13480jUTM ABa rnaBHa edeKTa CTOXaCTUYKMX BMOpaumja y aHa/iM3UpPaHUM cuctemmma. Y caydajy
OVHaMUKe CeM3MOreHMX pacea, CToxacTuuKe BMbpaLmje Mane amnantyae Mory M3assaTv npenas cuctema us
PaBHOTEXKHOT CTakba Y KO-CEU3MUYKU PEXUM NEPUOANYHUX OCLMNALM]A, LITO 3aMpaBO 3HAYM Aa CEM3MOreHU
paces, Koju ce Hanasu Bpao 6amsy budypkauuje, moxke npehu us jegHor AMHAMUYKOT CTakba y ApPYyro, camo
nos AgejctBom cnabor wyma. Y cayyvajy AMHAMUKE HeypoHa, CTOXAacTMYKa pe3oHaHLa M camowu3asBaHa
CTOXaCTMYKa KOXepeHUMja npeacTaB/bajy [fABa [/laBHAa MeXaHM3Ma KOXEePeHTHOr KpeTakba W3a3BaHor
CTOXaCTMUYKMM BMbpaumjama. Y oBom cayyajy, ysoherbe yTuuaja Wyma y CMcTem y3pOoKyje NnojaBy HM3a ChajKoBa,
KOjW Ce Mory jaBUTW y NPaBUIHUM BPEMEHCKUM pasmalMa, Tako Aa AMHAMMKKa MNOCTaje KoOXepeHTa, ca jacHo
aedvHncaHom ¢dpekBeHLOM. TUMe ce yKasyje Ha KOHTPOJIHY Y/Ory CTOXaCTUMUYKMX BMBpauuja y AMHamuuUm
HeypoHa.

K/byuHe peum: ceMsmMuku Wym y no3aguHu, Gudypkaumja, mMeToq ycpearbaBakba, CTOXaCTMYKa pe3oHaHua,
Camou3a3BaHa CTOXaCTMUYKa KOXepeHumja.
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MONTE CARLO SIMULATION METHOD APPLICATION IN STOCHASTIC STABILITY ANALYSIS
OF COMPLEX NANO-SYSTEMS

Ilvan Pavlovi¢
Faculty of Mechanical Engineering, University of Nis, Nis, Serbia
E-mail: pivan@masfak.ni.ac.rs

ABSTRACT

The goal of this work is to present the application of the Monte Carlo simulation and its advantages in moment
Lyapunov exponent numerical calculation as well stochastic stability analysis according to the obtained
numerical results for the observed system. Numerical determination of the p™ moment Lyapunov exponent is
important in assessing the validity and the ranges of applicability of the approximate analytical results. Also, in
many engineering applications analytical methods, such as perturbation or stochastic averaging method,
cannot be applied for the system stability analysis by determining the moment Lyapunov exponent. Therefore,
numerical approaches have to be employed to evaluate the moment Lyapunov exponent, and when it is
extremely hard or almost impossible to obtain an analytical solution it is necessary to apply the Monte Carlo
simulation method for the moment Lyapunov exponent determination.

For this purpose the validation of the suggested simulation method was done for a two-dimensional system
under real noise excitation where the analytical solution of the moment Lyapunov exponent was obtained
using the regular perturbation method. The results from this example also show the validity of the program
code used for stochastic real noise process simulation, which presents the input signal in this simulation. This
simulation method is further applied to the complex nano-system presented with five viscoelastically
connected nanobeams under compressive axial loadings modeled by white and real noise processes.
Differential equations of nanobeams are given according to Eringen’s nonlocal elasticity theory of Helmholtz
type of kernel and Euler—Bernoulli beam theory. Bounds of the almost sure stability of the nanobeam system
are obtained as a function of different parameters of the viscoelastic medium and nanoscale coefficient.

Keywords: Monte Carlo simulation, nanobeam system, white and real noise process, moment Lyapunov
exponent, nonlocal elasticity.
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ANCTPAKT

AKLUEHaT y 0BOM pagy je Ha npumeHn meTtoge MoHTe Kapno cumynauuje Kopg Hymepudkor oapehusara
MOMEHTA eKCMOoHeHTa /banyHoBa Kao M aHAAN3M CTOXACTUYKe CTabUNHOCTU NMOCMATPAHOr CMCTEMA HA OCHOBY
006MnjeHnX HymepurUuKuxX pesyntata. Hymepuuko ogpehunBatbe MOMEHTA EKCNOHEHTa /banyHoBa je Beoma 6GUTHO
KOA4, Banugauuje npPeTxogHo A06MjeHWX aHAUTUUYKMX pesynTata. Takohe, y MHOMMM UHXerepcKnum
anavKauujama aHanuTMuKe metoge HNp. nepTypbauMoHa MAM MeToAa CTOXAaCTUUKOT yCpearbera YecTo ce He
MOTy NPYMEHWUTU 33 aHaNMU3y CTabUNHOCTU cucTema oapehnBarbem MOMEHTa eKCNOHeHTa /banyHoBa. Y TakBUM
C/ly4ajeBMMaA HEONXOAHO je KOPUCTUTU HYMEPUYKN MeTof 3a oapehrBatbe MOMEHTA eKCnoHeHTa /banyHoBa,
na je y cnyyajeBMMa Kaja je BeEOMa TELKO MAM roToBo Hemoryhe fohu A0 aHaNWUTUUKOr pellera HeONXoAHO
npumeHnTU meToay MoHTe Kapno cumynaupmje 3a ogpehrBarbe MOMEHTa eKcnoHeHTa JbanyHoBa.

MpeanoxeHa cMmynaumoHa MeToaa je Hajnpe npukasaHa U BepnduKoBaHa Ha NpMMepy ABO-AUMEH3UOHANIHOT
cucTema nog, AejcTBOM npoueca peasiHor Wyma rae je aHa/IMTUYKO pellere MOMEHTa eKCrMoHeHTa /banyHosa
nobujeHo meTogom perynapHe neptypbaumje. Pesyntatu M3 osor npumepa Takohe notsphyjy onpasaaHocT
Kopuwhera NporpamcKor KoAa 3a CMMy/aLLMjy CTOXaCTUYKOT MPOLEeca peasiHor LWyMa Koju NPeaCcTaBHa yaa3Hu
cuMrHan y osoj cumynaumju. OBa meToda je ga/be MPUMEHbeHa Ha C/IOMEHW HaHOo-cucTemM JaT ca net
BMCKOEMACTUYHO CMNOjeHUX HaHO-Tpeaa Noja AejCTBOM NPUTUCHUX aKCUjaIHUX cuia Tuna 6enor 1 peasHor Wwyma.
OndepeHumjanHe jegHaunmHe HaHo-rpeda M3BeAeHe Cy Ha ocHoBy Eringen-oBe HenokanHe Teopwuje
enactnyHoctn 3a Helmholtz-oB 061K jesrpa n Euler—Bernoulli-jeBe Teopuje rpega. paHuLe CKOpPO curypHe
cTabunHOCTN NocmaTpaHor cuctema gobujeHe cy y GyHKLUMjU Pa3aMUUTUX NapameTapa BUCKOENacTUYHOT cnoja
1 KoeduuMjeHTa HaHOCKaIMpakba.

KmbyuHe peun: MoHTe Kapno cumynauuja, npouecy 6ei0r 1 peasHor wyma, MOMEHT eKcrnoHeHTa /banyHosa,
HeNOoKanHa enacTUYHoCT.

JIUTEPATYPA

[1] Xie, W-C. (2001), Moment Lyapunov exponents of a Two-dimensional System Under Real-noise Excitation,
Journal of Sound and Vibration, 239:139-155.

[2] Pavlovi¢, I., Pavlovi¢, R., Ciri¢, 1., Karlici¢, D. (2015), Dynamic Stability of Nonlocal Voigt—Kelvin Viscoelastic
Rayleigh Beams, Applied Mathematical Modelling, 39: 6941-6950.

[2] William, S. (2010), On the Simulation and Estimation of the Mean-Reverting Ornstein—Uhlenbeck Process,
10/01/2014,http://commoditymodels.files.wordpress.com/2010/02/estimating-the-parameters-of-a-mean-
reverting-ornstein-uhlenbeck-processl.pdf.

29



Mini-Symposium “Stochastic Vibrations and Fatigue: Theory and Applications”
Project Ol 174001 in Mathematical Institute of SASA and Bilateral Project 2015-2017, No.: 3 -19,
Faculty of Mechanical Engineering, University of Belgrade and Department of Applied Mathematics,
School of Science, Northwestern Polytechnic University, Xi’an, Shaanxi.

MI SASA, Belgrade, Serbia, July 4, 2017, at 11 h, Auditoria |

VIBRATION ANALYSIS IN THE THERMAL POWER PLANT
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E-mail: aveg@mas.bg.ac.rs
*Faculty of Mechanical Engineering, University of Belgrade
Kraljice Marije 16, 11000 Belgrade, Serbia
E-mail: eveg@mas.bg.ac.rs

This lecture presents methodology for determination of the cause of excessive floor vibrations in a thermal
power plant control room. Floor structure is a composition of a steel grillage and concrete slabs at 12m high
level above soil. It was detected the floor vibration severity exceeds the threshold of permitted rate. After the
full scale measurements were conducted on site, the results are arranged versus time and frequency domain.
In parallel to site measurements a 3D modal analysis was performed in ANSYS. The outcome is a set of modal
frequencies and modal shapes. Cross correlated analytical and experimental analysis formed a true picture of
the excitation, response and their mutual interaction. The obtained results and appropriate conclusions
profiled a remedy strategy to mitigate floor vibration severity.

Redesign of working space in a thermal power plant at the 12m high level shifted of a former stockroom into a
new control room. The set of instruments and devices for the permanent condition monitoring of the turbine
and generator set, as well for the other accessories is installed in the new control room. Severe vibrations of
the floor, beyond the permissible threshold, disturbed a normal operation. The floor vibrations of the room
occupied by individuals are usually treated as man induced vibrations. Very few scientific paper deals with
detection of machine induced vibration on civil structure. Lack of published researches in this field justifies the
complexity of the problem. In order to solve the described problem, it is necessary to have a true case study of
increased vibration intensity. Substantial dilemma that arose in this case is whether the severe vibration is a
reflection of excessive excitation from the turbine set and associated equipment or it is a resonant response of
the floor structure, or else the problem is a mixture of both. This thermal power plant is of vital importance for
the national power supply grid. Therefore it is absolutely out of question any kind of experiment with a start-
stop operation in order to reveal main source of the severe vibration. Recognizing the true cause of excessive
vibrations would ease the further steps in rehabilitation.

Keywords: modal analysis, vibrations, structural health monitoring.
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OBO npepaBatbe MpeacTaB/ba  MeToAoNOMMjy 3a oapehuBarbe y3poka MOBUILEHMX Bubpauuja vy
TepmoenekTpaHu. Mog jeaHe on npocTopuja y TEPMOeNEKTPaHW Hanasm ce Ha KoTu of, 12 meTapa u3Hag 1ia.
BeToHckM 610K noga M3nueeH je Ha Hocehum YennyHum rpegama. Meperem je yTBphHeHo fJa BpesHOCTH
ybp3arba BMbpauuja noga npenase 3aKOHOM [03BOJbeHY rpaHuLy. Mopes U3BpLLIEHMX Mepetba, YpaheHa je u
MoAanHa aHanusa BepHor 3[ BupTyenHor mogena y coprBepckom nakety ANSYS. Kao pesyntat Tux
BUPTYE/NIHUX WCMUTMBAKa [06MjeHWn Cy HU30BM COMCTBEHWUX (peKBeHUuWja, Kao M oarosapajyhu monanHu
0b6amun cTpykType. U3BpweHo je ynopehusarbe pesyntata fobujeHUX Meperem U pesynTata gobujeHux
aHann3oM BUpPTyenHor mogena. Pesyntatn Te ynopeaHe aHanude omoryhunum cy ytephuBarbe y3poka
nosuweHux subpaumja, Kao n geduHucarbe byayhux Kopaka y Uusby caHaumje npobaema.

MpeHameHOM NPOCTOpPKUja Y TEPMOENIEKTPAHM, CTAPO CKAAAMLITE NOTPOLLIHOT MaTepujasa NPETBOPEHO je y HOBY
KOHTPOJ/IHY cOoby. Y peHOBMPaHOM MPOCTOPY MHCTAaAMPaHe Cy MallMHe 3a KOHCTAHTHM HaA30p npoueca paja
TypbuHe u reHepaTopa. MosuieH HWMBO BWOpauuja noga oHemoryhaBao je HopmanaH pag M bopasak
3anocneHux y npocropuju. Bubpaumje nogoea npoctopuja ce y CTPYYHOj iMTepaTypu Hajuewhe UcTpaxkyjy Kao
nocneamua JbyACcKOr XoA4a M KpeTakba yonwTe. Beoma mano uynaHaka ce 6aBu npobiemuma moBULLIEHWUX
BMbpauuja nofosa ycnes paja MallMHa y Npoctopuju. Y aHanunsmn npobnema jaBuio ce BaKHO NuTake: Aa av
cy nosuweHe Bubpaumje nocnesmua AUMPEKTHOr npeHoca Bubpaumja ca TypbuHe M reHepatopa, A3 Au cy
Bubpauuje noga camo peakuuja Ha Heky oa nobyaa uaum cy nomeHyte Bubpaumje nocneamua KombuHaumje
NpeTXoA4HO HaBeAeHWX onuuja. TepmoenekTpaHa je of NpecyfHOr 3Hayaja 3a e/1eKTPO-eHEepreTcku cucrem
ApKaBe, Tako fa Huje 6uno moryhe npeknaat npouec NpPov3BOAHE W WUCK/bYUMBATM jeflaH Mo jefaH
noTeHUMjaHU y3pOK nosuweHux Bubpaumja. MpeunsHo oapehmBarbe y3poka of NpecyfHor je 3Havaja 3a
npas/berbe afeKBaTHOr M1aHa 3a pellaBakbe Npobaema.

K/byuHe peun: mozanHa aHanunsa, Bubpaumje, npahere MHTErpUTETa KOHCTPYKLUM]E.
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FATIGUE CRACK GROWTH IN FRICTION STIR WELDED AA 2024 T JOINT

Aleksandar Sedmak®, Drazan Kozak®
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E-mail: asedmak@mas.bg.ac.rs
University of Osijek, Faculty of Mechanical Engineering, Slavonski Brod, Croatia

E-mail: dkozak@sfsb.hr

The large scale use of welding for joining of aerospace structures has long being inhibited by the difficulty of
production of Al alloys welds with high fatigue strength, especially in the case of 2XXX and 7XXX series. These
types of aluminum alloys are usually perceived as non-weldable due to limited porosity and microstructure
during solidification in the fusion zone. There is also a substantial loss in the mechanical properties as related
to the base material. The Welding Institute (TWI) came up with Friction Stir Welding (FSW) in 1991 as a process
for joining Al alloys in the solid state, providing good mechanical properties and avoiding aforementioned
problems, [1]. The concept behind FSW can be perceived as very simple, but still a bit complex when applied to
produce T joints, [2-4]. Another problem is lack of data regarding structural integrity of such weldments,
especially when dynamic loading is applied, i.e. when welded component life is limited by fatigue crack growth.
The Extended Finite Element Method (xFEM) has been applied to simulate fatigue crack growth in an AA2024-
T351 T welded joint, 5 mm thick, made by friction stir welding. The ABAQUS and Morfeo software has been
used. Tensile fatigue loading (mean stress 10 MPa, stress ratio R=0) is applied to T joints with a configuration
suitable for reinforced panels where both skin and the web (reinforcement or stiffener) is made of a high
strength AA2024-T351. Crack is introduced in one edge of the skin base material. The properties of materials
and geometry of T joint are adopted from available experiments. Following numerical results are obtained:
crack front coordinates (x, y, z) and stress intensity factors (K, Ky, K;; and K) distribution along the crack tip, as
well as the fatigue life estimation for every crack propagation step. The main objective of this research is to
better understand fatigue behaviour of friction stir welded T joint of AA2024-T351.

Keywords: Extended finite element method, fatigue crack growth, friction stir welding, T joint, AA 2024 T351.
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LLinpoka ynoTpeba 3aBapuBatba 3a Crajatbe Ba3AyXOMNJ0OBHUX CTPYKTypa 6una je ayro orpaHuyeHa Tewkohama y
3aBapvBakby Ba3fyXOMJOBHUX MaTepujana Bucoke uspctohe og Al nerypa, nocebHo y cayuajy 2XXX n 7XXX
cepuja. OBM TWUMOBWU anyMUHUJYMCKUX nerypa yobuuajeHo ce y3umajy Kao Hes3aBapueBu C 063Mpom Ha
OorpaHuYeHy NMOPO3HOCT U MUKPOCTPYKTYpY 3a Bpeme ouBpwhaBaka y 30HM TOoM/bera. Ty moctoju, Takohe,
6uTaH rybuTak MexaHWYKMX CBOjCTaBa y OAHOCY Ha OCHOBHW MaTtepujan. MHCTUTYT 3a 3aBapuBarse (TWI) yBeo je
1991. 3aBapuBatbe Tperbem (FSW) Kao noctynak 3a cnajakbe Al nerypa y 4Bpctom cramy, obesbehyjyhu nobpa
MeXaHMW4Ka CBOjCTBA y3 u3berasarbe rope HaBeaeHux npobnema [1]. KoHuenTt Koju obyxsata FSW moxe ce
CMaTpaTh Kao BP/O jegHOCTaBaH, a/iv UMaK M KOMIJIEKCAH Kaga ce npumetbyje y npoussoaru T cnojesa [2-4].
Opyrn npobnem je rybutak nopaTtaka Koju ce OAHOCE Ha WHTErpuTET CTPYKType TaKo M3BeAeHOr 3aBapa,
nocebHo Kaja je u3NoXKeH AMHaMUYKUM onTepeherbnMa, Tj. Kaga je BEeK 3aBapeHe KOMMOHEHTe OrpaHuyeH
pacTom 3amopHe npcavHe.

MpolwmrpeHa meToaa KoHauyHux enemeHata (XFEM) npumetrbyje ce 3a cumynaumjy pacta 3amoOpHe MpCiauHe y
AA2024-T351 T 3aBapeHom cnojy, AebsbuHe 5 mm, u3paheHor 3aBapuBarbem Tperwem. KopuwheHu cy
codpteepn ABAQUS n Morfeo. 3atesHo 3amopHo ontepehemne (cpearby HanoH 10 MPa, oncer HanoHa R=0) je
npumerbeHo Ha T cnojese ca KoHGUrypaLumjom NpUMKAaZHOM 32 OjadyaHe MaHese rae cy U NoBpLUMHA U je3rpa
(ojayann unm ykpyhenu) nspahenn og sucokouspcror AA2024-T351. MpcavHa je NPeTNoCTaB/beHA Ha jeaHOM
pyby nosplunHe ocHOBHOr maTepujana. CBojcTBa matepujana u reomeTpuja T cnoja y3eTu cy M3 AOCTYNHUX
eKkcnepumeHata. JobujeHn cy cnepehu Hymepuuku pesyntaTu: KoopauHate ¢poHTa npcauHe (X, Yy, z) u
pacnogena koedbuuujeHaTa nHTeH3uTeTa HanoHa (K, Ky, Ky 1 Ke) Ay Bpxa NnpcavHe, Kao 1 npoLeHa 3aMmopHor
BEKa 33 CBaKM KOpak nponarauuje npcavHe. MMaBHM CMWUCA0 OBOT UCTpakMBatba je bosbe pasymeBare
3aMopHoOr noHawaka T cnoja AA2024-T351 pobujeHor 3aBapuBakbem TpereMm.

KmbyuHe peun: MpolmpeH MeToa, KOHAaYHWUX eleMeHaTa, pacT 3aMOPHe NPCUHE, 3aBapuBatbe Tperem, T croj,
AA 2024 T351.
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REINVENTING GRADIENT MECHANICS
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ABSTRACT

The variations of complex geometries on real mechanical components are in direct relation with local stress
concentration phenomena. During recent years different theories have been developed to particularly perform
the high-cycle fatigue assessment of notched components without missing the undoubted advantages of
linear-elastic finite element solutions.

Researchers in the field of fracture mechanics predominantly developed appropriate solution algorithms for
problems of solid bodies with cracks. Problems in mechanics generally, related with fracture and fatigue for
solid bodies with various geometries of sharp notches, are studied to a much lesser extent. This situation can
be explained by analytical difficulties arising in solving problems of elasticity theory for bodies with rounded
notches. To solve problems of such class, starting from data on stress concentration in the rounded notch tip
with a significant radius of curvature, simplified solutions with are therefore of great importance. Recent years,
due to constant rise of computing power and development of numerical methods, re-evaluation of stress
concentration factors from a viewpoint of theory of elasticity is present. This is mainly as a feedback from
industry which has requirements toward mega and nanostructures.

Corrosion represents an important limitation to the safe and reliable use of many alloys in various industries.
Pitting corrosion is a form of serious damage on metals surface such as high-strength aluminium alloys and
stainless steel, which are susceptible to pitting when exposed to a corrosive attack in aggressive environments.
This is particularly valid for dynamic loaded structures. The subject of this paper is application of new method
of determining length scale parameter for estimating the mechanistic aspect of corrosion pit under
uniaxial/multiaxial high-cycle fatigue loading. The research results presented in this abstract present upgrade of
old concepts regarding influence of stress gradient near stress concentrator with new concepts of gradient
mechanics.

Key words: gradient mechanics, fatigue, multiaxial fatigue, stress concentration, corrosion pit
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ANCTPAKT

MpomeHe y reomMeTpuju peasHnXx MaLUMHCKMX eNeMeHaTa je y AMPEKTHO] Be3n ca deHoOMEeHMMa OKO M3Bopa
KOHLeHTpaLuuje HanoHa. TOKOM MocieArMX roAuHa pasanyumTe Teopuje Cy HacTane ca uubem 6osbe npoueHe
eNeMaHTa ca M3BOPOM KOHLUeHTpauuje 6e3 usberaBarba Kopuwherba HECYMHMBMX NPEAHOCTU pellerba
Kopuwherem IMHeapHO — enacTUYHMX KOHAYHWX efleMeHaTa.

McTpaxknBaum M3 061acT MexaHUKe JIoMa NPETEXHO PasBujajy anroputme 3a pellerbe npobnema YBPCTUX
Tena ca npcavHama. Mpobaemmn 13 onwTe MexaHWKe, BE3aHM 3a JIOM U 3aMOp Ce pasBujajy Y HEWTO Matbem
o06umy. OBaKBO CTatbe MoOXe OUTM objalrbeHo noTelwKohama Be3aHMM 33 MPOHaNaXKeke aHaANUTUYKMX
peluerba 33 Tea ca M3BOPOM KOHLeHTpaLMje HanoHa. OAHOCHO, 33 peluaBarbe HaBedeHWx npobaema, npcanHa
ca BPXOM paaMjyca KOHayHe Be/fMYMHe, HEOMXOAHO je MNpOoHanaXerbe MOojefHOCTaB/bEHNX aHANTUTUYKMX
pelera. Ycnes ctanHor noseharba moryhHocTu padyHapa y nornegy eGukacHUjUX HYMepUUKMX NpopaydyHa, ca
CTaHOBWLUTA TeOpUje eNacTUYHOCTH, BEOMA YeCTo ce NpencnuTyjy GakTopu KoHLEeHTpaLumje HanoHa. OBa BpcTa
aHa/IM3a je YecTo 3axTeBaHa Of NPUBPee Kao HeONXoAaH 3aXTeB NPU U3PaaM Mera U HaHO KOHCTPYKLMja.
Koposuja npepactae/ba 3Ha4ajHO OrpaHUYerbe CUrypHOM M Noy3AaHom Kopuwherby MHOMUX nerypa vy
pasnnumntum obnactuma. MUTUHT Kopo3suWja NpeacTaB/ba 06MK owTehera Ha NOBPLIMHM MaTepujana Kao LTo
cy nerype anymuHujyma u Hephajyhu Yenuk, Koju cy OoceT/bMBM Ha HacTaHak osor owTeherba y ycnosuma
arpecuBHe cpeanHe. OBaj 06Uk owTeherba je NocebHO M3pakeH Koa AMHAMUYKK onTepeheHUX KOHCTPYKUWja.
MpegmeT uCTpaskuBarba MpPUKasaH Yy OBOM pajoM je TMNpUMeHa HoBe MeTole Kojom ce oapehyje
KapaKTePUCTUYHA Be/IMYMHA AUMEH3Uje AyKUHE 33 NPOLLEHY MEXaHWULMCTUYKOT acmeKTa yTuuaja Kopo3uoHe
jamuue y ycnoBMma je4HOOCHOT M BULLIEOCHOT 3amopa. Pe3ynTaTi UCTpaXkuBakba NpuKasaHM oBUM abcTpakTom
Cy Hagorpagtba A0 Cafa MPUCYTHWX MAEja BE3aHMX 33 NPOMEHy rpafujeHTa HamoHa y 6aMsuHM u3Bopa
KOHL,eHTpaLuje HanoHa.

K/byuHe peun: mexaHWKa rpagmjeHTa, 3amop, BULLEOCHM 3aMOp, KOHLEeHTPpaLMja HarnoHa, KOpPo3MoHa jaMuua
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PERTURBATION METHODS APPLIED
FOR SOLVING NONLINEAR PENDULUM OSCILLATIONS

Misa Stojicevic, Branislav Popkonstantinovi¢
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E-mail: mstojicevic87 @gmail.com

ABSTRACT

It is well known that the period of oscillation of mathematical and physical pendulums can be assumed
constant only in the first approximation if it is correct to consider that oscillation amplitude is sufficiently small.
Actually, the oscillation periods of mathematical and physical pendulums depends on oscillation amplitude.
This fact can be demonstrated and proved by the directly solving of the nonlinear differential equation of the
pendulum oscillation which leads to the incomplete elliptical integral of the first kind. In this paper, the
oscillations of the mathematical and physical pendulums are considered as nonlinear perturbation problem.
The influence of the amplitude to the pendulum period of oscillation is derived by the using of the method of
multiple time scales and the Poincare — Lindstedt method. These methods give an approximate solution of the
nonlinear differential equation by which the pendulum oscillation is described as series of an asymptotic
expansion. The essence of the both methods is explained and their application on the solving of the nonlinear
differential equation of the pendulum oscillation is demonstrated.

In particular, the nonlinear differential equation of the pendulum oscillation is transformed to the Duffing
differential equation and demonstrated that regular perturbation theory fails to solve the problem since it
leads to the unacceptable solution in the form of power series which contains the secular terms. In
perturbation series, secular terms grow without bound during the flow of time and thus destroy the asymptotic
expansion of the solution. To overcome this problem, the perturbation technique of two time scales, as well as
the method of Poincare — Lindstedt are applied which enable the elimination of secular terms. The
approximate solution of the nonlinear differential equation is determined as the first order perturbation
approximation. The period of the pendulum oscillation obtained by this method is identical to the result
obtained by the first order approximation of the corresponding incomplete elliptical integral of the first kind.
The procedure for obtaining the higher order approximations is also explained.

Keywords: nonlinear oscillation, pendulum, perturbations, multiple time scales, Poincare — Lindstedt method;
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ANCTPAKT

Mo3HaTo je ga ce moKe camo y NPBOj anPOKCMMALMjM YCBOJUTU Aa je Nepuos OCUMN0Batba MAaTeMATUUKOr U
dU3NYKOT KNaTHa KOHCTAHTaH, ako ce KOPEeKTHO MpUXBaTWUTKU A3 je amnauTya OCLMN0Baka AOBO/bHO Mana. Y
CYyLUTMHM, NEpUoAN OCLMAOBakba MAaTEMATUUKOT U GU3MYKOT KNaTHa 3aBuce o anmauTtyae ocumnauuja. Osa
YMHEeHWULLA MOXKe BUTK AeMOHCTpMpaHa M A0oKa3aHa HenmocpeaHM pellaBarbem HennHeapHe audbepeHumnjanHe
jeAHauMHe ocumnoBakba KaaTHA Koja AOBOAWM [0 HEKOMMIETHOT eMMNTUYKOr MHTerpaaa npee BpcTe. Y 0BOM
pagy ocuunauuje matemaTUuKor U OWM3MYKOr KAATHA pasmaTpaHe Cy Kao HenuHeapHu nepTypbaumoHu
npobnem. YTvuaj amnantyae Ha nepuog ocuuialmja KnatHa M3BeaeH je Kopuwherem MeTose BULLECTPYKUX
pa3smepa BpemeHa M metode [loeHkape — JluHawTeT. OBe MeToAe Jajy anpoOKCMMATMBHa peLllera
HenHeapHUX audepeHuujanHuX jefHaumHa y Gopmn YHKUMOHANHOT pefa ca aCMMMTOTCKUMM pas3Bojem.
ObjawbeHa je cywTuHa obe meTode M AEMOHCTPUPAHA HMXOBA MPUMEHA Y pellaBaky HenumHeapHe
andepeHumjanHe jefHauYMHe oCcUMN0Bakba KNaTHa.

MocebHo, HennHeapHa andepeHLMjanHa jefHauYMHa OCLMI0Baka KNaTHa NpeTBopeHa je y AyduHr jegHaumHy u
NoKa3aHo Aa perynapHa Teopuja neptypbaLmja He ycnesa Aa pelum npobiem jep 4OBOAM [0 HENPUXBAT/bUBOT
pelera y 061MKy CTeneHor pefa Koju CafipXu CeKynapHe 4ynaHose. Y neptypbauuMoHOM pefy, CEeKynapHu
Y1IAHOBM HEOrpaHWYEHO PacTy ca TOKOM BpeMeHa M TaKo HapyluaBajy aCMMMTOTCKU pa3Boj peluersa. [a bu ce
npeBasuLwao oBaj npobiem, npumerseHa je neptypbaumoHa TEXHUKA BULLECTPYKMX pasmepa BPEMEHA, Kao U
meToga [oeHkape — JleHawTeT, Koje omoryhaBajy enMmMMHauMjy CeKynapHux uvnaHoBa. OgpeheHo je
NPUBNMKHO pellerbe HelMHeapHe audepeHUMjanHe jegHaumMHe Kao nepTypbaumoHa anpokcumaumja npsor
pega. Mepuog ocumnauuja KnaTHa AobujeH OBOM METOAOM WAEHTMYAH je ca pesyatatom aobujeHum
anpoKcMmaumjom npsor pefa oarosapajyher HeKOMNIETHOT UHTerpana npse BpcTe. lNpoueaypa 3a Aobujare
anpoKcumaumja Buwwer pega Takohe je objawmeHa.

K/byuHe peun: HenvHeapHe ocuunauumje, KnaTtHo, neptypbauuje, BUWECTPYKe pasmepe BpemeHa, MoeHKape —
JlvHawTeT metoza;
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FATIGUE CRACK INITIATION IN A SPUR GEAR TOOTH ROOT

Daniela Risti¢
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ABSTRACT

Great deal of gear tooth root load capacity have tooth root form, tooth root fillet radius, respectively. It has
direct influence on the stress intensity factor, fatigue crack appearance and gear service life. This article
researches fatigue life of the gear but some effects like non-homogenous material and possible causes of
irregularity of the crack propagation (crack closure) were not taken into account in the numerical analysis. The
initiations of fatigue crack in the gear tooth fillet radius are products of cyclic load growth. The stress intensity
factor and its relationship with crack length K=f(a) are used for determination of a number of loading cycles N,.
The complete gear service life may be determined from the sum of the number of stress cycles Ni required for
the fatigue crack initiation and the number of stress cycles N, required for the fatigue crack propagation to the
critical crack length a,, when the final crack is possible to occur. The simple Paris equation is used to describe a
crack growth rate. For the numerical simulation of failure crack propagation FRANC2D program is used.
Developed FEM (finite element method) of stress determination in gear tooth root allows not only good picture
of stress distribution but even defines exact position of maximum stress value point. In the same time, it is
possible to consider crack initiation and its growth up to the fatigue failure. Numerical results (tooth root
stresses o, stress intensity factor K, service life of spur gear with fatigue failure in tooth root) are presented in
tables and graphs.

Keywords: finite element method - FEM, tooth root stress concentration, tooth root fillet radius, fatigue crack
growth, service life.
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ANCTPAKT

Benwvku yTuLaj Ha onTepeherba y KOpeHy 3ynua 3ynyaHMKa Mma 06/MK NoAHOXKja 3ynua, O4HOCHO BEAUYMHA
NoZHOXKHOr 3a06/berba. OBa AMMEH3Mja MMA AMPEKTHOr yTUUAja Ha GaKTOp WHTEH3UTeTa HamoHa, nojaBy
3aMOpHe NPC/IMHE W pafiHU BeK 3ynyaHuKa. Pas ce 6aBu ncnutMBarbem 3amopa Kof 3ymnyaHuKa, aau ce mopa
HaMOMEHYTU Ja HWUCy Yy3eTu y 063Mp yTUUAjM HEXOMOreHOCTM MmaTepujana Kao wu  moryhu y3poum
HEMPABWIHOCTW Y LUMPEHY MPCAMHE (BpXa MPCAUHE) Y HYMEPUYKOj aHann3u. HacTaHak 3amopHe npcavHe Ha
NOBPLIMHM MOAHOMXja 3ynua 3ynyaHWKa je nocneguua pacta UMKAMYHKUX ontepeherba. 3a ogpehusarbe 6poja
uMKayca HamoHa N, KOPUCTU Ce 3aBUCHOCT (aKTOpa WMHTEH3UTETa HamoHa oA AyxuHe npcauHe, K=f(a).
LlenokynHu pafHu BEK 3ynuyaHMKa Ce MOXe oapeautu cabuparbem bpoja umkayca HanoHa N; noTpebHux 3a
CTBapatbe MUKPOMNPC/INHE U HEHO LWIMPEHE A0 AYXKMHE Gy, WTO Yy CTBAPU NPEACTaB/ba AYXWHY UHULMjanHe
npcavHe. 3a NpUKas pacta, OAHOCHO LWMpera NPCANHE Kopuctu ce lMapucoBa jegHauymHa. 3a HyMepUuKy
CMMynauumjy iMpera MPCAMHE KOpUCTM ce nporpamcky nakeT FRANC2D. Ynotpebom meTofe KOHauHWX
enemeHata (MKE) 3a ogpehusarbe HanoHa y KopeHy 3ynua 3ynyaHuka gobuja ce He camo NpuKas pacnogene
HanoHa Beh ¥ TauyaH NonoXKaj Tayaka ca Hajsehum BpegHOCTMMa HanoHa. Y ucto Bpeme je moryhe npeasuaetu
nojaBy MHULMjaNHE MPCAMHE U HEHO LMpeHe CBe A0 HacTaHKa 3aMopHOr noma. Pesyntatm Hymepuuke
aHanuse (HaNoH y KopeHy 3ynua 3ynyaHuka o, GaKTop WMHTEH3UTeTa HamnoHa K, pagHW BeK LUAUHAPUYHOT
3yMYaHUKa y NPUCYCTBY 3aMOpPHE NPC/IMHE Y KOPEHY 3ynua) NpeacTaB/beHU cy TabenapHo v rpaduykm.

K/byyHe peun: metoga KoHauHux enemeHata (MKE), KOHUEHTpaLMja HanoHa y KOpeHy 3ynua 3ymnyaHuKa,
NOAHOMKHA 3306/betba Y KOPEeHy 3ynLa, pacT 3aMOpHE NPC/IUHE, PaSHU BEK.
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CONTACT FORCE PROBLEM IN THE REHABILITATION ROBOT CONTROL DESIGN

Zlata Jelacic¢

Faculty of Mechanical Engineering
University of Sarajevo
Sarajevo, Bosnia and Herzegovina
E-mail: jelacic@mef.unsa.ba

ABSTRACT

Designing robots that can communicate physically and move among people for the sake of jointly performing
motoric tasks or physically assisting in achieving motor goals in rehabilitation is a major challenge for robotics.
Robotic devices have the potential to improve rehabilitation through the initiation of the treatment process
before it can be established through conventional methods, which increases the intensity of training. It creates
an enriched environment that allows simulation of the realistic conditions and performance of motor tasks that
patients in some other way are not able to do themselves. Physical interactions between patients and
therapists during rehabilitation have served as motivation for the design of rehabilitation robots, yet there is a
lack in fundamental understanding of the principles governing such human-human interactions. Review of the
literature posed important open questions regarding sensorimotor interaction during human-human
interactions that could facilitate the design of human-robot interactions and haptic interfaces for rehabilitation.
The goal is to use the leading principles of the human-human interaction in order to define a way in which
people could be in contact with robots in a more intuitive and biologically inspired way. The proposed hybrid
impedance control solves the robot — environment contact problem and offers a possible solution for the
rehabilitation robot interaction problem.

Keywords: contact task, cooperative robotics, human-machine interface, impedance control
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PAXABUJIUTALUUOHUX POBOTA
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ANCTPAKT

MpojeKkToBatbe pobOTa KOjU GU3MUKM MOTYy KOMYHULMPATU M KpeTaTu ce mehy /byauma 3apag 3ajegHuykor
ob6aB/batba MOTOPMUKMX 334aTaka UAK GU3MUKe MCNOMONKM Y NOCTU3akbY MOTOPUYKMX LM/beBa Man nomohu npu
pexabunutaumju npeacTaB/ba BENMKM M3a30B poboTMKe. PoboTM MMajy noTeHuujan 3a nobosbliakbe
pexabuautaumje Kpos MHMUMjaLmMjy NpoL,eca neyerba Npe Hero WTOo TO NyTeM KOHBEHLMOHANHUX METOAa MOXKe
6UTK ycnocTae/beHo, Yume ce nosehaBa MHTEH3UTET TPeHWHra, cTBapa oboraheHo oKpyKere Koje omoryhasa
CUMYNaUMjy CTBAPHMX YCN0Ba U M3BOHeHEe MOTOPUYKMX 3a4aTaKa Koje NauMjeHTU Ha HEKU APYTY HAYMH HUCY Y
moryhHocTM 06aB/bat camu. ®DusnyKe UHTepaKkuumje u3mely nauujeHaTa M TepaneyTa 3a Bpeme
pexabunutaumje Nocayxune cy Kao MOTMBaLMja 3a AM3ajHMpatbe pexabunutaumoHmx poboTa, ann mnak
HefocCTaje TeMe/bHO pasymeBarbe Hauyena Kojuma ce Bofe YOBEK-YOBeK WHTepakuuje. Mpernep nutepatype
NOKas3ao je BaXHa OTBOpEHa nNuTatba Be3aHa 3a CEH30PMMOTOPHY WHTEepaKuMjy TOKOM YOBEK-4OBEK
MHTEpaKuuje Koja b1 Morna oNaKwWwaTh AM3ajH UHTepaKuuje YOBEK-poBOT Kao M XanTUUKUX MHTepdejca 3a
pexabunutaumjy. Lnmb je ynotpebutn Bogeha Hauena YoBEK-YOBEK MHTEpPAKUMje Kako by geduHMcanm HaumnH
Ha Koju 61 Jbyay MOTIM BUTK y KOHTAKTy ca poboTMMA Ha MHTYUTUBHMU U BUONOLWKN UHCMMPUCAH HAYMH.
MpeanoxeHa ynpaB/bayka cTpaTerMja xmbpuaHe mmnegaHue pelwasa npobsem KoHTaktTa uamehy poboTta u
OKOJ/IMHE U HyAM peluerbe 33 Npobiem UHTepaKLumje Koa pexabunvTaunoHe poboTuke.

K/byuHe peun: KOHTaKTHM 334aTak, KoonepaTMeHa poboTHKa, Y0BEK-po6OT MHTepdEjC, KOHTPOIA UMMeaaHce
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RISK BASED APPROACH TO INTEGRITY ASSESSMENT OF A LARGE STEEL STRUCTURE
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ABSTRACT

The risk based approach, [1], has been applied, in its simplest form, i.e. by using the risk matrix to illustrate how
the fatigue crack growth can shift risk from low to very high level in the case of large steel structure, Tab. 1.
Having in mind the basic definition of risk, being the product of the probability and consequence, and fixing the
consequence at the highest level, only probability of unfavorable event (failure) has been evaluated. Toward
this end, the failure assessment diagram (FAD, Fig. 1) has been used here as another simple engineering tool to
estimate probability of the failure, as the function of the position of the operating point, i.e. defining
probability as the ratio between the distance of the operating point from the zero point, and the appropriate
distance between the point on the limiting curve and zero point. This simple engineering tool to assess

structural integrity showed clearly that the fatigue crack growth can bring risk to an unacceptable level.

Consequence category
A B C D E

Table 1. Risk matrix

1 Medium risk Very high risk
High risk

Medium risk

Probability
category

2

3

4 Low risk High risk
5

Very low risk

Medium risk

1.2 T T T

T
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5 Figure 1. Failure Assessment Diagram

Keywords: Risk based approach; structural integrity assessment; large steel structure
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MPOLIEHA UHTETPUTETA BEJIMKUX YHENTUYHUX KOHCTPYKLIUJA SACHOBAHA
HA OLIEHU PU3NKA

AnekcaHgap Cegmak’, CHexkaHa KMpMHb, MNetap C'raHojeBmhh

*MalLuHCKM pakynTeT YHusepsuteta y beorpaay,
Kpasmbuue Mapuje 16, 11000 Beorpaa, Cpbuja
®YHoBaLmoHM LeHTap MawwuHcKor pakynTeTa YHuBepsuteTa y beorpaay,
Kpambuue Mapuje 16, 11000 Beorpaa, Cpbuija,

MpumerseH je NpucTyn oueHe pu3nka, [1], y HajjeaHocTaBHUjem 06/1MKY, Kopulwherem maTpuLe pUsmnKa, aa 6m
ce MOoKa3ano KaKo pacT 3aMOpHe MPC/MHE MoMepa pPU3MK U3 NoApyYja HUCKOT y MOApYyYyje BUCOKOT pU3MKa Y
CNYYajy BENMKMX YeNMYHUX KOHCTPYKUMja, Tab. 1. Umajyhm y Buay OCHOBHY AedUHULM]y pu3MKa, OJHOCHO
npoussog BepoBaTHohe U nocneauue gorahaja, Kao M YMHbeHULY Aa je Yy OBOM pasmaTtparby nocneamua Ha
dUKCHOM, HajBULLIEM HUBOY, jacHO je Ja BepoBaTHoha Agorahaja Uma npecyaaH yTuuaj Ha NpoLeHy uHTerpuTeTa.
Y Tom upsby, KopuwheH je Aujarpam AHanuse Jloma (Failure Assessment Diagram - FAD, cn. 1) Kao jow jeaaH
jeaHOCTaBaH MHXEHEePCKM anat 3a NpoueHy OMacHOCTU of Aoma, T.j. 3a ogpehuBare BepoBaTHohe Ka
KOJIMYHWMKA pacTojarba pafiHe TauyKe of, Hy/lTe Tauke W pacTojarba uamehy oarosapajyhe Tauke Ha rpaHUYHO]
JIMHUjKU M HynTe Tauke. OBaj jeAHOCTAaBHU WHXXEHEPCKM anaT je jaCHO NOKa3ao Yy KOjoj Mepwu pacT 3aMOpHe
npcavHe nosehasa pU3MK 04 I0Ma Y CyYajy BEIMKUX YHENNYHMX KOHCTPYKLWja.

KaTeropwuja nocneguue
A B C D E

1 Cpearou pusuk Bpnio Bucok
pu3mMK
2 Bucok pusmk
3 Cpearomn
pu3MK
4 Huzak Bu1coK pu3nk
pu3MK
5 Bpno Hu3ak Cpepgu pusmk
pU3NK

KaTeropuja
BepoBaTHohe

Tabena 1. Pusuk

maTpuua

1.2 . O = = = T

1 .
Kr =s{ln see(t- Sr]]z 1 Cnuka 1. Aunjarpam AHanuse Jloma
0.8

0.6

0.4

L - E
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KroyyHe peyu: NpUCTyn 3aCHOBAH Ha PU3MKY, NPOLLEHa MHTErpuTeTa KOHCTPYKLMja, BE/IMKE YeNNYHE KOHCTPYKLMje
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SERBIAN - CHINESE SCIENCE & TECHNOLOGY COOPERATION
FOR YEARS 2015-2017, PROJECT NUMBER 3-19
Fatigue estimation in probability of a stochastic dynamical system
under random loads

Project Description

The content of this project is fundamental research, which belongs to the fields of mechanics and engineering.
The project studied the estimation of fatigue probability for one kind of structural systems subjected to
random loads, and the project will be finished by three points of mathematical analysis, Monte-Carlo
simulation and laboratory tests respectively. Firstly, from the viewpoint of mathematics, random loads may be
modeled as Gaussian white noise, wide-band noise, bounded noise and modulated noise respectively. After
that, fatigue estimation in probability was dealt by studying the response and behavior of such kinds of
stochastic dynamical systems. The methods to get fatigue probability were concerned with the stochastic
averaging method, equivalent linearization, finite difference and so on. The analytical results with respect to
fatigue estimation such as reliability function, mean time of first passage is given in this part. From the aspect
of simulation, Monte-Carlo simulation, a method which is based on probability statistics theory, simulating all
kinds of noise excitations by computer program and solving equations from the original stochastic dynamical
systems, was the best way to testify the efficiency and correction of all proposed methods. In addition, all the
numerical results about fatigue estimation are needed to display. From the viewpoint of experiment study, the
Serbian side utilizes their advanced laboratory instrument to collect sample data so as to build a mathematical
model and determine some critical parameters which affects vibrations characteristics of tested machine
elements or systems. As a relevant test samples the conveyor idlers rolling bearings are chosen. During the
laboratory testing they exposed to radial loads and rotational speeds larger than those in real working
environment — in order to accelerate their failure. Then the estimation for fatigue probability, position and size
were obtained respectively after finishing the research on mathematical model. Actually, the loss of local
stiffness or quality in engineering structure usually leads to the fatigue, and system response leaving from its
structural safe domain, called the first-passage, is theoretically exactly corresponding to this fatigue. Therefore,
what we did is that we studied the problem of first-passage in stochastic dynamical systems. Basically, the first-
passage is a branch of reliability research, which is also a hot topic in the field of stochastic dynamics due to its
important measure for fatigue estimation. Consequently, some approaches often used in deterministic
dynamical system such as generalized cell-mapping developed by Xu, Galerkin method carried forward by
Spanos and stochastic averaging method proposed by Zhu can be used in our project. All achieved results
provided significant instruction to improve structural stability and lifetime.

Project Actuality

Technological development brings all kind of the new mechanical systems for example new development in
material science put forward mechanical systems describes using fractional derivatives. The problem of
reliability of such mechanical systems has not been studied yet and it lacks theoretical and other methods for
solving it. There have been some attempts in the recent years to give some mathematical framework which can
be used in studies, but only with limited success. New methodology has to be invented in order to have
analytical methods for solving problem. Approximation which has to be used to give the answer in the
analytical form has not been found yet. Therefore, simulation methods are of considerable importance in order
to strengthen theoretical efforts. Apart from being the guiding tool for analytical method, simulation method
has its own importance since for the complex mechanical system it is the method of preference. Development
of new simulation technologies is important direction of research on its own. Appearance of new hardware and
software tools which can perform simulation fast has enabled very precise and fast simulation.
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NMPOrPAM HAYYHE U TEXHOJ/TIOLLKE CAPAAHE
U3MEBY PENYB/IMKE CPBUJE U HP KUHE 3A NEPUO[, 2015-2017, 6poj npojekTa 3-19
YTuuaj cnyyajuux ontepeherba Ha NpoueHy 3aMmopa KOHCTPYKLMja ca npuMeHama

Onuc npojekra

Capp:kaj oBOr NpojeKkTa je pyHAAMEHTaNIHO UCTPaXKUBaHE Koje npunaza nosby MeXaHUKe U UHXKekepcTBa. Y
NpojeKTy ce aHanusupa npoueHa BepoBaTHohe 3aMopa 3a jegHy BPCTY CTPYKTYPaZHMX CUCTEMA M3NOMKEHUX
cnyyajHum ontepeherbMma. PesyntaTt NpojekTa je UCKasaH Ha TPM HauMHa: maTemMaTUYKOM aHann3om, MoHTe-
Kap/iio cumynaumjom u nabopatopujckum TecTuparbem, pecrnekTuBHO. Hajnpe ca maTeMaTU4KOr CTaHOBULLTA,
cnyyajHa onTtepeherba mory 6UTM Mof.enoBaHa Kao raycoBckM 6enu Luym, LWMPOKO-NOjacHU LYM, OFrpaHUYEHN
WYM WA MOZYy/MCAHWU LWYM pecnekTusHO. [poueHa BepoBaTHOhe 3amMopa MOXe Ce MCKasMBaTU Kpos3
npoyyaBakbe 0f3MBa M MOHAlaka AMHAMUYKOr cucTema. MeTtog 3a fobujarbe BepoBaTHohe 3amopa MoKe
6UTM pasmaTpaH Kpo3 CTOXaCTUYKM METOA YCpeArbaBarba, METOJ €KBMBAJIEHTHE JIMHeapu3auuje, MeTos,
KOHAYHMX PasauKa U CAMYHO. AHANUTUYKK pesynTaTn fobujajy ce y cknagy ¢ NpoLeHOM 3aMopa Kao LWTo cy
dYHKUMja Noy3JaHOCTM WMAWM cpeArbe Bpeme npsor nposasa. Ca craHoeBuwTa cumynauumje, MoHTe Kapno
cMMy/aumja je meTof, 3acHOBaH Ha BEpPOBAaTHONM CTAaTUCTMUKe Teopuje M CUMyAMpa cBe BPCTe Wyma nobyae
KOMMNjyTEPCKMM NPOrpaMom 1 peLlaBsa jegHauymHe U3BOPHON CTOXaCTUYKOT AMHAMUYKOT cucTema. To je Hajbossum
HauvH fa ce NoTBPAM edMKACHOCT M Ta4UHOCT CBMX NPeA/IoXKeHUX MeToaa. Y Be3n npoLieHe 3amopa KopucTe ce
HYMepUUKK pesyntat. Nybutak NoKanHe KPyTOCTU WAW KBAJIUTETA Y UHXKEHEPCKOj CTPYKTYPU 06UYHO foBOAU
[0 3aMOpa, @ CUCTeM OZroBapa TaKo LUTO HaMyLTa CBOj CTPYKTypanHo 6e3besHN fOMEH, Ha3BaH NPBU NPoas,
LUTO TEOPMjCKM Ta4YHO OAroBapa oBom 3amopy. CTora, oHo WTo Tpeba Aa ce ypaaum je Aa ce npoyyasa npobnem
NpBOr Mpo/siasa y CTOXaCTUYKOM AMHAMWYKOM CUCTEeMy. Y OCHOBW, MPBM MpPOJa3 je rpaHa WUCTpa)kusarba
noy3AaHocT, Koja je Takohe akTyenHa Tema y obnacTu CTOXacTMuKe AMHAMWKe 360r CBOje BaXKHOCTU Y
npvMeHu 3a npoueHy 3amopa. Cxo4HO TOMe, HEKM NPUCTYNY KOjU Cy YecTo KopulheHn Kog, AeTePMUHUCTUYKO
OVNHAaMUYKOr CUCTEeMa, Kao LWITO Cy reHepasnn3oBaHo Manuparbe henuja koje je passuo Kcy, ManepkuHoBsa
MeToAa Kojy je nokpeHyo CNaHOC 1 MeToZ CTOXaCTUYKOT ycpearbaBakba Koju npegnaxe Ky moxe ce Kopuctu y
0BOM npojeKkTy. CBM O4YeKMBaHW pesynTaTu obesbepuhe 3HauvajHa ynyTcTBa 3a Nobosbliakbe CTPYKTypasiHe
CTabUHOCTM U Tpajatba.

AKTYeNHOCT NpojeKTa

Mpobnem noysaaHOCTU MALWMHCKUX KOHCTPYKLUMja je Beoma BaxaH. OH ce npoy4yaBa Aye Bpeme U HaheHa cy
peLlera 3a HEKe MEXaHMYKe CUCTEME Ca Pa3/IMYUTUM YCreXom. Y HEKMM NpobaemMnma KNaCUUHUX MeXaHUYKMX
cuctema npobniem je pelleH ca 3a80Bosbasajyhum ycnexom. MehyTrm, TEXHOIOLWKM Pa3Boj AOHOCK HEKe HOBe
MexaHuuKe cucteme. Ha npumep, HOBM PasBoj y UCTPaXKMBakby mMaTepujana Hamehe mexaHUUYKe cucTeme Koju
ce mory onucatu kopuctehu dpakumoHe ussoge. NMpobaem Noy3aaHOCTU TAKBUX MALLMHCKUX CUCTEMA je BeOMa
MHTEepPeCcaHTaH M HOB M jol je Ha MOYEeTKy Pa3Boja, TaKO A3 HeJOCTajy TEOPUJCKU U APYrM METOAM 3a HUXOBO
pelwasarbe. buno je nokywaja y nocnefrux HEKOIMKO TOAMHA Aa ce Aa MaTeMaTUUYKM OKBUP KOjU Ce MOXKe
KOPWUCTUTU Y NpOyYaBartbMMa, asiM ca OrpaHMYeHnm ycnexom. Mopa 4a ce CMUCIM HOBA METOZ0/10TMja, Kako 6u
ce pobune aHaNUTUUYKe METOe 3a pellaBatbe npobnema. AnpoKkcMmalmja Koja ce mopa KOPUCTUTW 33 AaTu
O/rOBOP Yy aHAa/IMTUYKOM 06/MKY jow Huje npoHaheHa. CTora, cMMynaumMoHe meToAe Cy o4, BeNUKOr 3Hayaja y
UMby jayatba TeopUjcKMX Hanopa. Ocum wTo uma Bogehu anat 3a aHa/MTUUKe MeTofe, MeToda CumynaLmja
MMa CBOj 3Ha4aj jep je 3a KOMMJIEKCaH MeXaHMYKM CUCTEM TO MeToda u3bopa. Pa3Boj HOBMX TexHo/OrMja
CMMynaumje je BaxaH Npasal, UCTpaxusaka cam no cebu. MNojas/bMBarbe HOBOr Xxapagepa u codTBepa Koju

mory obassbaTi cumynaumjy 6p3o omoryhasa Beoma npeupsHy 1 6p3y cmyiaLMoHy npoueaypy.
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