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Proposal for Cooperation



Department of Applied Mathematics has almost 70 years
of collective experience in scientific studies in the field
of mathematics and mechanics.

We invite scientific and industrial organizations to
carry out cooperation in the field of development and
introduction of new numerical and analytical methods
of investigation of regular and chaotic dynamics of
non-linear systems, investigation of nonlinear effects
In dynamics of thin-walled elements of modern
constructions, using composite and functionally-
graded materials.



Our scientific results are reflected in a large number of papers and
monographs. Some of them are listed here:
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Y.V. Mikhlin, K.V. Avramov. Review of applicationsof nonlinear normal modes for vibrating
mechanicakystemsAppliedMechanicReviews5 (2), 2015 020801

K.Y. Plaksiy, Y.V. Mikhlin . Resonancéehaviorof the limited powersupply systemcoupledwith the
nonlinearabsorberMathematicsn EngineeringScience AerospacéMESA)6 (3), 2015

K.Y. Plaksiy, Y.V. Mikhlin . Dynamicsof nonlineardissipativesystemsin the vicinity of resonance
Journalof SoundandVibration 334, 2015 319-337.

NV Perepelkin, YV Mikhlin, C Pierre. Non-linear normal forced vibration modesin systemswith
internalresonancent. Journalof Non-LinearMechanics7, 2013 102115

YV Mikhlin, KV Avramov. Nonlinear normal modesfor vibrating mechanicalsystems Review of
theoretical developments Applied Mechanics Reviews 63 (6), 2010 060802

J. Awrejcewicz, L.Kurpa, O. Mazur. Dynamicalinstability of laminatedplateswith external cutout
Int. Journalof Nontlinear Mechanics81, 2016 103114

J. Awrejcewicz, L. Kurpa, T. Shmatko. Investigatinggeometricallynonlinearvibrationsof laminated
shallowshellswith layersof variablethicknessvia the R-functionstheory CompositeStructures 125
2015 575 585.

J. Awrejcewicz, L. Kurpa, and A. Osetrov. Investigationof the stressstrain stateof the laminated
shallow shellsby R-functionsmethodcombinedwith splineapproximation ZAMM Z. Angew Math.
Mech, 17 10, 2011 DOI 10.1002zamm?201000164

J.Awrejcewicz, L.Kurpa, O.Mazur. On the parametricvibrations and meshlessdiscretization of
orthotropic plateswith complex shape Int. J. of Nonlinear Science& Numerical Simulation 11(5),
201Q 371 386

LV.Kurpa, TV .Shmatko,GN.Timchenko. Free vibration analysis of laminated shallow shells with
complexshapeusingthe R-functionsmethod// CompositeéStructure93, 2010 225233

LV.Kurpa, OS.Mazur. Method of R-functionsfor investigatingparametricvibrations of orthotropic
plateswith complexshapeJournalof MathematicalSciencesl71(4), 201Q 1-14.
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Burlayenko V.N., SadowskiT. Simulationsof postimpactskin/coredebondgrowthin sandwichplates
underimpulsiveloading Journalof AppliedNonlinearDynamics3(4), 2014 369 379

Burlayenko V.N., Sadowski T. Transientdynamicresponseof debondedsandwichplatespredicted
with finite elementanalysis Meccanica49 (11), 2014 26172633

Burlayenko V.N., Sadowski T. Nonlinear dynamic analysis of harmonically excited debonded
sandwichplatesusingfinite elementmodelling CompositeStructuresl08 2014 354 366.

Burlayenko V.N., Sadowski T. Finite elementnonlineardynamic analysisof sandwichplateswith
partially detachedacesheeandcore Finite Elementsn Analysis& Design62, 2012 49-64.

Burlayenko V.N., SadowskiT. A numericalstudyof the dynamicresponsef sandwichplatesinitially
damaged by low velocity impact Computational Materials Science 52(1), 2012 212-216.

J. Awrejcewicz, L. Dzyubak. Chaoscausedby hysteresisand saturationphenomenonn 2-DOF
vibrations of the rotor supportedby the magnetehydrodynamicbearing, International Journal of
Bifurcationand Chaos 21(10), 2011, 2801-2823

J. Awrejcewicz and L.P. Dzyubak. 2-dof nonlineardynamicsof a rotor suspendedn the magnete
hydrodynamidield in the caseof soft andrigid magneticmaterialsInt. J. of Non-Linear Mechanics45,
2010 919 930

J. Awrejcewicz, L. Dzyubak, C.-H. Lamarque. Modelling of hysteresisusing Masing Bouc\Wen's
frameworkand searchof conditionsfor the chaoticresponsesCommunicationsn Nonlinear Sciences
andNumericalSimulation13, 2008 939958
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Studiesin the field of regular and chaotic dynamics of non-linear
systems In particular, problems of vibration damping by means of
nonlinear absorbers, problems of stability of motion, problems of
vibro-impact oscillations, nonlinear dynamicsof systemswith limited
powersupply. analysisof resonancebehavioretc

Scientific advisor - Professor Yu.Mikhlin

It is expected to describe interaction of vibration modes, the effect of
localization of vibration energy, loss of vibration mode stability and
appearancef newvibrationregimesasa resultof bifurcationsetc

It is expectedto determinethe s y s t pamahsterregions where strong
reduction of the vibration amplitudes can be obtained Results of the
investigation of resonancedynamics and vibration absorptionduring large
amplitude resonancedynamicsin such systemscan be usedin engineering
practice

It is planed to investigatedynamicsof the nonideal systems(systemswith
limited power supply) containing some kinds of nonlinear absorbers,in
particular, the pendulumabsorber,the snapthrough truss (Mises truss) etc
Both n-DOF anddistributednontideal systemscan be consideredin the latter
casethe BubnowvGalerkin discretizationprocedurepermits one to obtain the
approximatefinite-DOF model Then the multiple scale method and the
conceptof nonlinearnormal modescan be usedin the investigation Behavior
of dissipative nontideal systemswith nonlinear absorberin vicinity of the
resonancevill beconsidered
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Investigationof geometricallynonlinear bending, free and parametric
vibration of the laminated and functionally-graded shallow shells by
meshlessnethodsbasedon R-functions theory

Scientific advisor - Professor L.Kurpa

The qgoal of the projectis creationof the universalnumerically - analytical
methodfor solving geometricallynonlinearstatic and dynamicproblemsof the
laminatedshallow shellstheory with complexplan form and different types of
the boundaryconditions The proposednethodwill be basedon the application
of the R-functionstheoryandvariationalmethodsjn particularmethodsby Ritz
and BubnowvGalerkin This methodwill be the most competitive with FEM
becausallows to solvethe whole classesf problemsandto presentunknown
solutionin analyticalform.

More specifictasksof this project are reducedto the following:

1. Within the frameworkof the classicalandrefinedtheoriesof thefirst orderto

developalgorithmsin orderto solve geometricallynonlinearbendingproblems,

to find natural frequenciesand forms of vibrations of multilayered and

' functionally-gradedshallowshellsof arbitraryform in plan

2. To developa methodof researchof geometricallynonlinear vibrations of
laminatedshallowshellswith complexplanform, usingsingleand many modes
approximatiorof unknownfunctions

' 3. On the basisof the R-functionstheory and variational methodsto develop
" numerically - analytical method of researchof parametrical vibration of

laminated and functionally-graded plates with various kinds of boundary
conditionsanddifferentgeometridorms,
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Investigation of reliability of material interfaces in laminated and
sandwichcompositesinder staticand dynamicloads

Scientific advisor - Associate Professor V. Burlaenko

The goal of the proposedresearchactivity is the developmenbf efficient methods
and techniquesto predict and analyze accurately and realistically fracture of
compositelaminatedand sandwichbeams,platesand shells with damagedmaterial
interfaceunderstaticanddynamicloads

Innovative aspectsof the proposal

Aa new mathematicabackgroundior modelingthe crack growth phenomenorusing
adequatefracture criteria associatedwith mixed-mode fracturing in composite
laminatedandsandwichpanels

Ainnovative finite elements models of threedimensional delaminated/debonded
compositelaminated and sandwich panelstaking into accountcontact conditions,
friction phenomeno@andcrackpropagation

Aadvancedinite elementmodelingtechniqueso simulatecompositelaminatedand
sandwichbeamsplatesandshellscontaininga damagednaterialinterfaceusinguser
definedprogrammindacilities of theABAQUS code

Possibleimplementation of proposal results
Anewaccurateandeffectivesimulationswill increasescientificknowledgein thefield
of reliablemethoddor strengthanddurability assessmertdf compositdaminatedand
sandwich panelsfor reallife engineeringapplications,particularly, in aerespace,
automotiveandbuilding manufacturers

Aadvancedknowledgeof the overall responseof compositelaminatedand sandwich
structureswith partially damagednaterialinterfaceshasa potentialto be implemented
into innovativetechnologiedor designingeallife compositepanels

Aan advancedunderstandingf fracture modesacquiredfrom the resultsof research
can lead to improvementsin design of experimentaltesting standsfor composite
materials
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Regularand chaoticdynamicsof smooth/discontinuousionlinear systems

Scientific advisor - Associate Professor L. Dzyubak

In theframeworkof the proposedgrojectwe intendto study:

Adynamics of impacting beamswith clearancenonlinearity: analytical solutions,
describing the transient dynamics of impacting beams with tips separatedby
clearance,should be obtained The systemsof impacting beamsreveal complex
dynamics,including chaoticbehaviour It is expectedo analysetransientdynamics

wneicameznion |- SUFfacestime historiesof beamsdeflections,impactingforcesand phaseplanesas
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well asconditionsfor chaoticbhehaviourdependingnthe parametersf the systems

A2-dof nonlinear dynamics of the rotor suspendedin a magnetchydrodynamic
field in the caseof soft and rigid magnetic materials: in the caseof soft magnetic
materialsthe analytical solutionsare obtainedby meansof the methodof multiple
scales The nonresonantase the casesof primary resonancesvith andwithout an
internalresonancareinvestigatedChaoticregionsandthe amplitudelevel contours
of therotorvibrationsareobtainedn variouscontrolparameteplanes

Amodeling of hysteresis by means of additional state variables: the analytical
models constructedfor different types of hysteresidoops allow major and minor
loops reproducingand provide a high degreeof correspondencwith experimental
data Substantialnfluenceof a hystereticdissipationvalue on the form andlocation
of the chaoticregions,restrainingandgeneratingeffectsof the hystereticdissipation
on chaosoccurrencareascertained

Aquantifying regular and chaotic dynamics numerousexamplesof search of
conditionsfor chaoticresponsesire presentedchaosin thefi s mo odestimaglelsi
Duffing equationand Lorenz system,chaosin the threewell potential oscillator,
chaosin the i n &smMmo o sy$temsi stick-slip chaotic oscillationsin a quast
autonomousmechanical system with Coulomb and viscous friction, chaos in
hystereticsystems,evolution of chaotic regionsof the coupled Masing hysteretic
oscillatorson the increaseof the hystereticdissipation,chaosin the coupledBouc
Wenandhybrid hystereticoscillatorsundersliding friction etc



CONTACTS:

Postal address:

NTU "KhPI"

Department of Applied Mathematics
21 Kyrpychova (Frunze) str.
Kharkiv

61002
Ukraine

Phone:

Head of the department - (38057) 707 60 32

E-Mail:

kurpa@kpi.kharkov.ua



