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GENERAL INFORMATION

APM 2006 is the thirty four in a series of annual summer schbeld by Russian Academy of Sciences. The
Summer school “Advanced Problems in Mechanics 2006” isrorgal by the Institute for Problems in Mechanical
Engineering of the Russian Academy of Sciences (IPME RASputhe patronage of the Russian Academy of
Sciences (RAS).The main purpose of the meeting is to gafiemialists from different branches of mechanics to
provide a platform for cross-fertilisation of ideas.

HISTORY OF THESCHOOL

The first Summer School was organized by Ya.G. Panovko ancolisagues in 1971. In the early years the
main focus of the School was on nonlinear oscillations of medical systems with a finite number of degrees
of freedom. The School specialized in this way because atitha in Russia (USSR) there were held regular
National Meetings on Theoretical and Applied Mechanicsl also there were many conferences on mechanics
with a more particular specialization. After 1985 many @wefices and schools on mechanics in Russia were
terminated due to financial problems. In 1994 the Institaté’roblems in Mechanical Engineering of the Russian
Academy of Sciences restarted the Summer School. Theitraaliname of “Summer School” has been kept,
but the topics covered by the School have been much widemetifhe School has been transformed into an
international conference. The topics of the conferenceeicaow all fields of mechanics and associated into
interdisciplinary problems.
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LocAL ORGANIZING COMMITTEE

I. Alexandrov, St.Petersburg State University of Aerospace Instruntienta
K. Aristovich , St.Petersburg State Polytechnical University, IPME RAS
I. Berinsky, St.Petersburg State Polytechnical University, IPME RAS
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The conference is organized with help of our service ageMmyrfomax” (find the information further).

SCIENTIFIC PROGRAM Presentations devoted to fundamental aspects of mechangsreading the field

of applications of mechanics, are invited. We are partitylieeen to receive contributions thehow new effects
and phenomena or develop new mathematical modéis topics of the conference cover all fields of mechanics,
including, but not restricted, to

[ms1]
[ms2]
[ms3]
[ms4]
[ms5]

[Ms6]

mechanics of generalized continua (polar and micromorpdnitinua, mixtures, porous media, electromagnetic
continua, grains, powders etc)

solids and structures

phase transitions

nonlinear dynamics, chaos and vibration

fluid and gas

computational mechanics

mechanical and civil engineering applications

MINISYMPOSIA AND CHAIRS

Nonlinear Dynamics of Engineering Systems

M. Wiercigroch , E. Pavlovskaya (Aberdeen, UK)

Fatigue of Engineering Structures

W. Eichlseder (Leoben, Austria), B.Unger (Steyr, Austria).Petinov, A.K.Belyaev (St.Petersburg, Russia)
Nonlinear Waves in Mechanical Systems

A.V. Porubov (Saint-Petersburg, Russia), V.l. ErofeewztiMy Novgorod, Russia)

Aerospace Minisymposium

M. Cartmell (Glasgow, UK)

Stochastic Methods in Mechanics

S. Fedotov (Manchester, UK)

Advances in Nanomechanics

A. M. Krivtsov , N. F. Morozov (Saint-Petersburg, Russia)
Four different forms of presentations are offered, nanq@gnary lectures (40 minutes), presentations at min-

isymposia (30 minutes), short communications (20 minugas) posters. The working language for oral presen-
tations is English. Regrettably we can not provide simdtars translation, and due to the international nature of
the conference all the oral presentations must be in Endliish working languages for poster sessions are English
and Russian.

Attention: each participant may only give ONE oral prestota The number of posters for each participant

is not limited.



REGISTRATION FEE

The conference fee is:

o for participants giving a presentation: 300 EUR
o for participants not giving a presentation: 220 EUR
o for students: 220 EUR

The fee covers invitation costs, postage, book of abstraiseedings, social program (excursion, get-together
party), and organizational costs.

e The fee for accompanying persons is 100 EUR and covers thation costs, postage, and social program.

e There is a reduced conference fee of 50 EUR for participaatn permanent position in NIS countries
(Armenia, Azerbaijan, Belarus, Georgia, Kazakhstan, stan, Moldova, Russia, Tajikistan, Turkmenistan,
Ukraine, Uzbekistan), which partially covers the postage laook of abstracts.

e There is a reduced conference fee of 25 EUR for students frisrcbuntries.

TIME-TABLE SCHEME

Abbreviations: Zh is session devoted to memory of P.A. AhiliO is the opening ceremony, PL are the
plenary lectures, MS is a minisymposium, S is an oral sesgi@is a poster session, C is the closing ceremony.

DATE 25 26 27 28 29 30 1
Sun Mon Tue Wen Thu Fri Sat

Room A

morning Zh O|PL|MS1| PL|MS2 | PL|MS4 | PL|MS6 PL|S PL|S|C

evening Zh MS1 MS2 PL | MS5 PL|S
Room B

morning | S | MS3 |S S

evening S S | S PS1| PS2
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JUNE 25, SUNDAY

Room A

Morning Session
CHAIRPERSON A.M. KRIVTSOV

10:00-10:30 OPENING CEREMONY

CHAIRPERSON D.A. INDEITSEV
Session devoted to memory of PA.Zhilin

10:30-11:10  E.A. Ivanova. Scientific results of P.A.Zhilin
11:10-11:50 V.A.Palmov. Pavel A.Zhilin describes our future

Coffee break
12:10-12:50 1.1. Blekhman. Riddles of the theory of dynamic systems: on the bor-
derline of mechanics, philosophy, and theology (Dedicated to the memory of Professor
P.A.Zhilin)
12:50-13:30  V.A.Eremeev. The theory of shells and micropolar bodies: development
of P.A Zhilin’s ideas
13:30-13:50 E.F. Grekova. P.A.Zhilin - my teacher

Evening Session

CHAIRPERSON A.M. KRIVTSOV
Session devoted to memory of PA.Zhilin

15:30-17:10 ROUND TABLE
17:10-17:50 H. Altenbach. On the contributions of P.A.Zhilin to the shell theory

Room B



JUNE 26, MONDAY

Room A

Morning Session
CHAIRPERSON A.M. KRIVTSOV

9:30-10:10 X. Xu, M. Wiercigroch, E. Pavlovskaia, S. Lenci, F. Romeo,
ML.N. Cherri. Dynamics of Parametric Pendulum for Wave Energy Extraction
10:10-10:50 N.F. Morozov, R.V. Goldshtein. Advances in nanomechanics at the
Russian Academy of Sciences (mechanical division) 2004-2005

10:50-11:30  1.G. Goryacheva. Friction in Rolling Contact of Deformable Bodies

Coffee break

Minisymposium “Nonlinear Dynamics of Engineering Systems”
Co-CHAIRPERSONS E. PAVLOVSKAYA, M. WIERCIGROCH

11:50-12:20 L.I. Manevitch, V.V. Smirnov, N.N. Balabaev, M.A. Mazo, K.Yu. Ko-
sevich . Discrete breathers in nonlinear dynamics of planar zigzag oscillatory chain and
carbon nanotube

12:20-12:50 E. Pavlovskaia, J. Ing, M. Wiercigroch. Reduction of multidimen-
sional flow to low dimensional map for piecewise smooth oscillators

12:50-13:20 M. Zakrzhevsky, R. Smirnova. Paradoxes of Nonlinear Damping in
the Linear Dynamical Systems

13:20-13:50 M. Zakrzhevsky. The Fundamentals of the Theory of Nonlinear Oscil-
lations. The New Concepts and Old Delusions

Evening Session

Minisymposium “Nonlinear Dynamics of Engineering Systems”
Co-CHAIRPERSONS E. PAVLOVSKAYA, M. WIERCIGROCH

15:30-16:00 A.P. Seyranian. On classical parametric resonance problems
16:00-16:30 T. Gould, C. Wang, D. Combes. Cosserat modelling of flexible ring
structures

16:30-17:00 H. Ishio. Transition from Quantum to Classical Transport through
Chaotic Open Cavities

Coffee break

17:20-17:50  G.V. Kostin. Time Optimal Control of Mechanical Systems with Dry
Friction under Harmonic Disturbances

17:50-18:20 A. Polishchuk . Interconnected spatial vibrations of helical springs
18:20-18:50 R.A. Morrison. Stability Analysis of the Helmholtz Oscillator with
Time Varying Mass

Room B

Morning Session

CHAIRPERSON A.D. SERGEEV
Solids and structures

11:50-12:10 A.G. Knyazeva. Coupling model of surface admixture redistribution at
the condition of one-axis mechanical loading

12:10-12:30  N.Y. Nikitina. Investigation of stressed states of pipelines by acoustoe-
lastic method

12:30-12:50 8. Sargsyan. Dynamic Problem of Thin Plates on the basis of Asym-
metric Theory of Elasticity

Break

13:00-13:20 N.A. Konchakova. The investigation of the irreversible strain and dam-
age in the brittle fracture materials

13:20-13:40  E.L. Starostin. Modelling elastic bands: from an anisotropic rod to a
developable shell

13:40-14:00 N.G. Dvas. Stability of plain tetratomic system

Evening Session

CHAIRPERSON V.A. EREMEEV
Phase transitions

15:40-16:00  H. Zapolsky, N. Lecoq, R. Patte. Numerical simulation of phase tran-
sition in Ni-based alloys

16:00-16:20 A.B. Freidin, E.N. Vilchevskaya, L.L.. Sharipova, M.A. Antimonov.
New phase nucleation at the initial stage of stress-induced phase transformations
16:20-16:40  S.N. Gavrilov, E.V. Shishkina. On the extension of a rod capable to
undergo phase transitions

16:40-17:00  S. Tokarzewski. Bounds on effective transport coefficients from com-
plex input data

Coffee break

17:20-17:40 K.L. Muratikov, A.L. Glazov, V.I. Nikolaev, S.A. Pul’nev. Imaging of
structural phase transitions in monocrystals of Cu-Al-Ni with shape memory effect by
photoacoustic thermoelastic microscopy

17:40-18:00 'W. Zaki, Z. Moumni. Modeling of thermomechanical behavior and fa-
tigue of shape memory

18:00-18:20 V.F. Kuropatenko. Hydromechanics of Multicomponent Multiphase
Compressible Media

18:20-18:40  A.G. Knyazeva, S.G. Psakhie, A.V. Tyan. Masstransfer at the nonequi-
librium conditions of surface high-energy treatment



JUNE 27, TUESDAY

Room A

Morning Session
CHAIRPERSON E.F. GREKOVA

9:30-10:10 H. Bremer. Flexible mechanism dynamics
10:10-10:50 A.K. Belyaev. A benchmark study of three approaches to waves in ran-
domly heterogeneous elastic media

Break

Minisymposium “Fatigue of Engineering Structures”
CO-CHAIRPERSONS B. UNGER, A.K. BELYAEV

11:00-11:30 H. Leitner, W. Eichlseder. Interaction between surface condition and
fatigue life

11:30-12:00 B. Unger. Application of Virtual Methods for the Optimization of Dy-
namic Loaded Structures

Coffee break

12:20-12:50 F. Griin, I. Gédor, W. Eichlseder. Tribological Studies on Sliding Bear-
ings on the Basis of Damage Analysis

12:50-13:20 1. Godor, Z. Major, W. Eichlseder, A. Leitgeb, F. Griin. Development
of a tribological functional and failure model for PTFE-Bz Compounds
13:20-13:50 S.V. Petinov. Fatigue Analysis of Ship Structures:
”Strain-Life” Criterion

Application of

Evening Session

Minisymposium “Fatigue of Engineering Structures”
C0O-CHAIRPERSONS W. EICHLSEDER, S.V. PETINOV

15:15-15:40  B.E. Melnikov. Modeling fatigue crack propagation by means of con-
tinuum damage mechanics and non-local criteria.

15:40-16:05 A.M. Polyanskii, V.A. Polyanskii. Study of changes in the bond energy
of hydrogen in metals under thermomechanic loading

16:05-16:30 MLF. Ghanameh. Finite element investigation of unreinforced welded
tubular joints

Coffee break

16:50-17:20 1.K. Korolev, A.B. Freidin, E.N. Vilchevskaya. Modeling an interac-
tion between a phase transforming inclusion and a fatigue crack

17:20-17:50 S.V. Bobylev, N.F. Morozov, I.A. Ovid’ko and A.G. Sheinermano.
Nucleation and evolution of nanovoids in polysilicon at quasistatic and fatigue load
regimes

17:50-18:20 A.M. Krivtsov. MD modeling of low-cycle high-amplitude loading of
monocrystal material with defects

18:20-18:50 E.L. Aero, A.N. Bulygin. Microscopic theory of degradation of proper-
ties of crystalline material under vibrocreep

Room B

Morning Session
Minisymposium “Nonlinear Waves in Mechanical Systems”

C0O-CHAIRPERSONS A.V. PORUBOV, V.I. EROFEEV

11:00-11:30 Chardard, Dias, Bridges. On the stability of solitary waves
11:30-12:00 A.B. Ezersky, V.O. Afenchenko, S.V. Kiyashko, A.V. Nazarovsky.
Spatio-temporal Dynamics of Bound States in Faraday Ripples: experiments and nu-
merical simulations

Coffee break

12:20-12:50 A. Stulov. Mathematical models of sound generation mechanisms in
grand piano

12:50-13:20 V1. Erofeyev, A.V. Sharabanova. Elastic shear waves in bimodal ma-
terials

13:20-13:50 A.V. Porubov. On derivation of model equations for nonlinear strain
waves in wave guides

Evening Session

CHAIRPERSON A.V. ZAITSEV
Computational mechanics

15:30-15:50 V.P.Fedotov, L.F. Spevak, V.V. Privalova, V.B. Trukhin. Solving two-
and three-dimensional elastic problems by modified boundary element method
15:50-16:10  D. Savescu. About new ball-bearings used in mechanical transmisions
16:10-16:30  G. Filippenko. On the free vibration of the cylinder shell partially pro-
truding above the surface of the liquid

Coffee break

16:50-17:10 M. Brigante, A.V. Nasedkin, M.A. Sumbatyan. Testing of Viscoelas-
tic Constructions: Modeling by FEM

17:10-17:30  G. Partheepan, D.K. Sehgal, R.K. Pandey. Determination of tensile
properties of Chromium hotwork steel using inverse FEM and miniature test
17:30-17:50 1.A. Brigadnov. Computer simulation of sandwich sheet metal forming
17:50-18:10 Ghannadi-Asl Amin, Noorzad Asadollah. Trefftz Boundary Method
for Thick Plate Bending Problems



JUNE 28, WEDNESDAY

Room A

Morning Session
CHAIRPERSON A.B. FREIDIN

9:30-10:10 A.L Borovkov, V.A. Palmov. New approach in the mechanics of periodic
composites

10:10-10:50  A.Metrikine. Wave Mechanics of Structures and Structural Materials
10:50-11:30 M.P. Cartmell, M.C. D’Arrigo, D.J. McKenzie, Y. Wang. Approx-
imate Analytical Solution for a Motorised Momentum Exchange Tether on a Circular
Earth Orbit

Coffee break

Minisymposium “Aerospace Minisymposium”
CHAIRPERSON M. CARTMELL

11:50-12:20 G. Radice. Spacecraft formation control at Sun-Earth L2 point
12:20-12:50 D. McKenzie, M. Cartmell. Dynamics of Orbital Space Tethers
12:50-13:20 A.A. Le-Zacharov, 1. Volkovets. Simulation of Gravitational Systems
by Particle Method

13:20-13:50  G. Jayanthi, P. Alagusundaramoorthy. Finite Element Analysis of
Open Isogrid Structures

Evening Session
CHAIRPERSON

15:30-16:10  E.V.Lomakin, B.N. Fedulov. Deformation and limit state of solids with
stress state dependent plastic properties

Break

Minisymposium “Stochastic Methods in Mechanics”
CHAIRPERSON S. FEDOTOV

16:20-16:50 V. Mendez, S. Fedotov. Front propagation in reaction-random walks
processes

16:50-17:20  S. Fedotov, 1. Bashkirtseva, L. Ryashko. Stochastic Non-Normal Dy-
namical System for Subcritical Transition

Coffee break

17:40-18:10 A.A. Burluka. Closed equation for two-point pdf in mechanics of tur-
bulence

18:10-18:40 Mandeep S. Sidhu, A.A. Burluka. Vaporisation rate in two-phase tur-
bulent flows

Room B

Morning Session

CHAIRPERSON A.S. KULESHOV
Civil engineering

11:50-12:10 'W. Lu, P. Makelainen. Fuzzy Genetic Algorithms for Design of Cold-
Formed Steel Sheeting

12:10-12:30 A.K. Abramyan. On the free vibrations of an oscillator with a periodi-
cally time-varying mass

12:30-12:50 L.M. Yufereva, P.N. Kot, Yu.A. Lavrov. Influence of an annular plate
on free oscillations of a spherical acoustical resonator

CHAIRPERSON A.S. KULESHOV
Fluid and Gas

12:50-13:10 N.V. Nikitin. Direct numerical simulation of turbulent wall-bounded
flows: approaches, methods and results

13:10-13:30 A.G. Bagdoev, A.V. Shekoyan. The wave in gas-fluid mixture
13:30-13:50 Yu.A. Ustinov. Mathematical modeling blood motion in the arterial
muscle vessels.

Evening Session

CHAIRPERSON S.N. GAVRILOV
Solids and Structures

16:20-16:40 R.A. Arutyunyan. The description of deformation aging of polimers by
means of modified Maxwell and Kelvin-voight materials

16:40-17:00 A.V. Zaitsev, Ya.K. Pokataev. Probabilistic methods for the analysis of
random-structured fibre-reinforced composites

17:00-17:20 P. Dyatlova, E. Polyakova, V. Chaikin. Constitutive equations for soft
shells with network microstructures

Coffee break

17:40-18:00 M. Bournane, Y. Sadaoui, M. Nedjar. Elasticity and internal friction
of Al7SiMg hypoeutectic alloy

18:00-18:20 S.G. Ivanov. A sight at multilevel models for the design of composite
laminate structures

18:20-18:40  N. Kizilova. Interaction of the steady flow of a viscous liquid with a
multilayered viscoelastic wall



JUNE 29, THURSDAY

Room A

Morning Session
CHAIRPERSON V.A. EREMEYEV

9:30-10:10 H. Altenbach. Advanced Engineering Creep Analysis of Thin-walled
Structural Elements

10:10-10:50 Y. Dzenis. Nanomanufacturing and Mechanics of Advanced Continuous
Nanofibers

Break

Minisymposium “Advances in Nanomechanics”
CHAIRPERSON A.M. KRrRIvTsoV, N.F. MOROZOV

11:00-11:30 S. Lurie, P. Belov, D. Volkov-Bogorodskii, N. Tuckova. Theory of the
interfacial interactions as particular variant of the theory for continuous media with kept
dislocations

11:30-12:00 V.A. Eremeeyv, S.E. Strochkov. On the FEM modelling of nanofilm he-
lical coil

Coffee break

12:20-12:50 Yu.L. Raikher, V.V. Rusakov. Diffusional and magnetic rotary mi-
crorheology

12:50-13:20  S. Nath. The Rotation-Uncoiling-Twist Energy Storage Mechanism of
Muscle Contraction

13:20-13:50 M.A. Mazo. Elastic properties of clay nanoparticles via Molecular Dy-
namics Simulation

Room B

Morning Session

CHAIRPERSON [.I. BLEHMAN
Nonlinear dynamics, chaos and vibration

11:00-11:20 E.V. Shishkina, M. Cartmell. On the behaviour of elastic plates under
vibrational excitation

11:20-11:40 A.S. Kuleshov. On a various mathematical models of a skateboard mo-
tion

11:40-12:00 1.A.Pasynkova. Cylindrical precessions of an unbalanced flexible rotor
supported in nonlinear elastic bearings

Coffee break

12:20-12:40 A.G. Bagdoev A.V. Shekoyan. The derivation of general equation for
solid-electroconvulsive fluid media and waves inthem

12:40-13:00 A.L. Shvygin. On the stability of pendulum motions of a gyrostate
13:00-13:20  A.A Burov. Regular and chaotic dynamics of the orbital pendulum with
the vibrating point of suspension

Evening Session
15:30-17:00 Posters (PS1)
Coffee break
17:20-18:50 Posters (PS2)



JUNE 30, FRIDAY

Room A

Morning Session
CHAIRPERSON E.F. GREKOVA

9:30-10:10 L.Yu. Kossovich. Hyperbolic Interfaces in Composite Shells Under Front
Impacts

10:10-10:50 D. Harris. Two-phase Fast Granular Flow: Some Issues and Problems
10:50-11:30  ].D. Goddard. A general theory for the viscoplasticity of dry and fluid-
saturated granular media

Break

CHAIRPERSON D. HARRIS
Mechanics of generalized continua

11:40-12:00 A. Castellanos, J.M. Valverde. Fluidization regimes of fine and ultra-
fine powders

12:00-12:20 M.A. Kulesh, E.F. Grekova, I.N. Shardakov. Rayleigh waves in the
isotropic and linear, reduced Cosserat continuum

Coffee break

12:40-13:00 Yi-chao Chen. Stability of Elastic Films in Proximity to a Rigid Plate
13:00-13:20 J. Nitsche. Brownian Dynamics of Continuous Deformable Macro-
molecular Models in Shear Flow

13:20-13:40  A.L. Svistkov. Structural-phenomenological model of heterogeneous
medium

Evening Session
CHAIRPERSON A.D. SERGEEV

15:30-16:10 V.V. Beletsky. General limited cicular three-body problem as a model
for dynamics of double asteroids

16:10-16:50 Ya-Pu Zhao. Surface and size effects in MEMS/NEMS and hybrid
QM/MM simulation

Coffee break

CHAIRPERSON A.D. SERGEEV
Solids and Structures

17:10-17:30 V.1 Astafiev. Damage Accumulation and Crack Growth in Metals under
Hydrogen Embrittlement
17:30-17:50 Z.A. Valisheva, N.B. Vovnenko, B.A. Zimin, U.B. Sudenkov. Non-
equilibrium processes influence on dynamic response in metals
17:50-18:10 B.N. Semenov, Yu.V. Sudenkov, D.A. Yungmeister , A.Y. Burak. An
investigation of the process of percussive impulse formation and transference in the three
bodies system

Break

18:20-18:40 CLOSING CEREMONY

Room B



10.
11.

12.
13.
14.
15.

16.
17.
18.

19.
20.
21.
22.
23.
24,
25.

26

List of posters
June 29

Session PS1

. D. Abrarov. The Canonical Model of the Hamiltonian Systems Category

. A. R. Arutyunyan, Z. A. Valisheva, B. A. Zimin, Yu. V. Sudenkov. Investigation of materials structure rear-
rangements during cyclic experiments

. M. A. Antimonov, A. B. Freidin. On eguilibrium new phase cylindrical nuclei in an uniform field of strains

. A. Boudjada, N. Benchiheb, L. Hamdellou, S. Ghanemi,J. Meinnel, O. Hernandez, A. Boucekkine. Proton
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field T. This allows one to account for interaction of fields of
three quantities (striction, thermostriction and thermal stresses).
The dynamical and kinetic equations for microscopic fields of
displacements and temperature are derived. In one-dimensional
case we can obtain a closed form expression for strain energy
abrarov@cas.ru in terms of external stresses, temperature and microdisplacement
on the boundary with the help of first integral. However in this
Basing on the constructive modification of the Liouville- simple case the theory predicts nontrivial effects of decreasing
Arnold theorem the effective and canonical description of thejnteratomic barriers at expenses of stresses and temperature. The
whole set of analytical Hamiltonian systems (taking into accountyresence of parameter of rearrangement of internal structure u al-
the integrable systems and their analytical perturbations) is prapws one to model, without further complication of the model,
posed. The analytical sense of the modified perturbation theory ighe process of rearrangement of microstructure with overcoming
in the canonical generalisation of the property of the modularityinternal potential barriers and describe such complex phenom-
for elliptic curves over the set of rational numbers. The mechangng as creep, deformational aging and fatigue. This description
ical, geometrical and physical sense of the proposed canonic@d known to require account of accumulation of damage, which

CANONICAL MODEL OF THE HAMILTONIAN
SYSTEMS CATEGORY

D. L. ABRAROV

model is discussed. presents a problem to be tackled. For solving these problems a
Abrarov Dmitry Leonardovich, Vavilova, 40, Moscow, 119991, more detailed analysis of derived equations and generalization of
Russia the theory on two- and three-dimensional cases are needed Note,
that dynamical variant of the microstructure of the evolution has
A MICROSCOPIC NONLINEAR THEORY OF also interest solution. In particularly there is a solution which de-
DRASTICALLY CHANGING LATTICE STRUCTURE scribes a crack opening and moving. In a two dimensional case
AND PROPERTIES DEGRADATION UNDER the developed theory predicts also the nucleation of other singular
TEMPERATURE AND STRESS FIELDS. defects (dislocations, sliding, etc).

Istvan Godor, Franz Josef Strasse 18, Leoben, 8700, Austria
E. L. AERO A. N. BULIGUIN

THE COLLAPSE OF A NON-EQUILIBRIUM VAPOUR
BUBBLE UNDER THE LINEAR - POLARIZED

Many complex processes of deformation are known to be ac-
VIBRATIONS

companied by deep phenomena of change in the structure that is
not introduced in the continuum theory of elasticity. This lim-
itation of the latter theory overcomes by introducing additional
model tunings and complex rheological relationships. The micro- al abuzhev@mil . ru

scopic potential of such theories is not considerable and one has

to restrict oneself only by phenomenological description of phe- The behaviour of hydrodynamic systems with interfaces under
nomena. For example, these phenomena are the degradation dihe action of vibrations is a subject of a lot of papers. This at-
der irreversible deformations and temperature. The second difftention is paid not only due to the fundamental interest, but it is
culty of treating is related to the necessity of analysis of nonlineaglso concerned with the requirements of applied researches and
phenomena responsible for the irreversible changes in the bodtgchnologies. In particularly, the study of oscillations of bubbles
An essentially nonlinear theory of elastic and nonelastic microdef1] and drops [2] is of interest within the framework of this topic.
formations is developed with the help of model of mutually pen- Both the oscillations and the collapse of a non-equilibrium
etrating sublattices. A generalisation of the theory of acousti{gas-) vapour bubble in an incompressible liquid under the lin-
cal and optical vibrations on the case of nonlinear interaction okar - polarized vibrations are considered in present work. As it
sublattices is suggested. This interaction is introduced with acwas shown in [3-4], the motion of the vapour (or gas) inside a
count of internal translational symmetry of complex lattice, thatbubble does not influence essentially neither the bubble dynam-
is, the structure and energy of lattice are invariant under mutudks nor the processes of cavitation or sonoluminescence. Both the
displacement of sublattices on an integer number of periods.Thigresence of inert gas inside the bubble and the phase transition at
principle suggests that the structure and energy of the complethe interface liquids - vapour become essential in this case. We
lattice must also be invariant under mutual displacement of subtake into account the kinetics of phase transition and apply the
lattices on one or more periods. This allows one to consider theerfect gas law to describe the thermodynamics of both the gas
force of interaction of lattices as periodic (e.g. sinusoidal) func-and the vapour. The fluid viscosity and the heat conductivity of
tions of the relative displacement of sublattices. In the classicaboth fluid and gas are neglected. Interaction of a radial oscilla-
Karman-Born-Huang theory these forces are linear with respedion mode, caused by the uniform in space but time-dependent
to displacements of the sublattices. The function of microdensityressure, and the translation mode, generated by linear-polarized
of the energy which is invariant with respect to mutual transla-vibrations, is taken into account. The amplitude of translation
tions of sublattices is constructed. This enables consideration afiotion is assumed to be small in comparison with the amplitude
large displacement of atoms (caused, say, critical deformationdf radial oscillations. The dynamics of vapour inside the bubble
and account of such phenomena as bond switching, change in tienot considered. Such an interaction between radial and transla-
symmetry class of lattice, appearance defects, damage and otH&n motions of the bubble was studied in [5] without accounting
bifurcations; phenomena resulting in irreversible deformationsfor the phase transition.

Along with macroscopic displacemedit we introduced micro- By virtue of the perturbation theory both the nonlinear equa-
scopic displacement of adjacent atomsas well as temperature tion describing the radial oscillations and linear equation, which

ALEKSEY A. ALABUZHEV DMITRIY V. LYuBIMOV
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govern the translation motion, are obtained. These equations ar¢2] H. Altenbach, K. Naumenkd&hear correction factors in
solved numerically. The stability of the forced oscillations with creep-damage analysis of beams, plates and shEHIME-
respect to the small perturbations is investigated. Journal, Series A5 (2002), 77-83.

This work supported by CRDF (grant Y3-MP-09-01) and grant [3] H. Altenbach, G. Kolarov, O.K. Morachkovsky, K. Nau-

NSh-7690.2006.1. menko On the accuracy of creep-damage predictions in
thinwalled structures using the finite element mett@aim-
putational Mechanicg5 (2000)1, 87-98.
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TERMOKINETICS FLUCTUATING PARAMETERS OF
DYNAMIC SUPERPLASTICITY

The problem the determination of the particularities the devel-
Aleksey A. Alabuzhey, Institute of continuous media mechanicPment syn phasg transition observed in cond.mon dyngmlc su-
UB RAS. Koroleva. 1. Perm. 614013. Russia perplasticity aluminum alloy, research the functions specific heat
Dmitriy V. Lyubimov, Perm state university, Bukireva, 15, Perm with use. In the framework developed modelling representations
614990. Russia ' ' T 'with use of the equation Focker-Plank are analysed mechanisms
' to deformation typical for superplasticity and border metastabil-
ity state. It is shown that under superplasticity main is a mecha-

ADVANCED ENGINEERING CREEP ANALYSIS OF nism grain-boundary sliding, but in metastability state are added
THIN-WALLED STRUCTURAL ELEMENTS diffusive processes. The influence of the specified processes out-
side of conditions superplasticity becomes prevailling.
HoOLM ALTENBACH Ya. Rudaeyv, Bishkek, Kyrgyzstan, 720000, 44 Kievskaya

hol m al t enbach@ w. uni - hal | e. de

ON EQUILIBRIUM NEW PHASE CYLINDRICAL

The research in engineering creep mechanics is focussed on NUCLEI IN AN UNIFORM EIELD OF STRAINS

the description of time-dependent microstructural changes and
the phenomenological behavior of various materials. The equa- \jikpalL A. ANTIMONOV
tions allowing the description of the material behavior and the
analysis of structural elements should be useful in the case of am ke@mil.ru freidin@recanics.ipne.ru
uniaxial and multi-axial stress states. In addition, they have to re-
flect that the stress states can be inhomogeneous and anisotropic e study an equilibrium cylindrical nucleus of an anisotropic
Up to now one gets significant disagreements between the resulgyase embedded into an isotropic linear elastic parent phase un-
of the simplified (engineering) analysis and the improved estider an uniform external strain field. We prove that the tensor
mations [1, 2]. The performed numerical calculations show efbeing defined by the transformation self-strain tensor, the jump
fects which cannot be described by the classical theory of Euleiin elasticity tensor and the strain tensor inside the inclusion is ax-
Bernoulli beams or Kirchhoff plates. In addition, the calculationsially symmetric, and the axis coincides with the eigenvector of
based on 2D finite elements are in a significant disagreement witthe external strain tensor. Strains inside the equilibrium nucleus
3D calculations. The reasons are the thickness integration, the 3must satisfy this characteristic property. We specify to the case
constitutive and evolution equations and the 2D structural meof isotropic phases and construct the surfaces of the nucleus exis-
chanics equations [3, 4] among others. The explanation of theg@nce in the space of the external strains and determine the shape
disagreements is the aim of the lecture. of the base of cylinder in dependence on external strain. We com-
pare the cylinders nucleation surfaces with the surfaces of layers
and ellipsoids nucleation. We demonstrate that the type of the

ALEXANDER B. FREIDIN

REFERENCES new phase nucleus depends on the deformation path and material
parameters.
[1] H. Altenbach, J. Altenbach, K. Naumenkan the predic- This work is supported by the Program for Fundamental Re-

tion of creep damage by bending of thin-walled structures search of RAS and RFBR (Grant No. 04-01-00431).
Mechanics of Time-Dependent Materidlg1997)2, 181— Mikhail A. Antimonov, Polytechnicheskaya, 29, Saint Petersburg,
193. 195251, Russia
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stant, active loading it corresponds to the deformation time. In a
condition of unloading and stabilization the parameter is reduced
to the real time and considers chemical processes. Thus, in a
scale of effective time the behavior of quenched and deformation

INVESTIGATION OF MATERIALS STRUCTURE
REARRANGEMENTS DURING CYCLIC
EXPERIMENTS

A.R. ARUTYUNYAN Z. A. VALISHEVA aged materials are described. The elastic-viscous equations ex-
B. A. ZIMIN Y U. V. SUD’ENKOV pressed in term of real time are analyzed in detail. The known
physical relation between elasticity modulus, viscous coefficient
Robert Arutyunyan@al oma. spbu. ru and relaxation time is used and the analytical relations for the
sudenkov@i i m spbu. ru elasticity modulus and viscous coefficient with accordance to the

experiments are defined. At such approach the basic experimen-
In article the investigation of the changes of mechanical propial effects caused by factors of thermal and climatic aging are
erties of materials due to rearrangements of structure durindescribed. Taking into account the processes of deformation ag-
cyclic loading on bending of specimens made of tool steel andng a specific differential relation for the parameter of effective
PMMA is presented. Using the method of optical-acoustic spectime is suggested and the analytical solutions of creep and stress
troscopy the frequency dependence of sound velocity and attenuelaxation problems for Maxwell and Kelvin-Voight models are
ation of probe acoustic pulses of tested specimens are measuredceived. Comparison of theoretical creep and aging curves with
Then the evolution of the spectral characteristics of specimenthe experimental curves of the specimens made of polyethylene
was analyzed. films is given. It is shown, that the equation of aged Maxwell
Sheets made of tool steel and PMMA were loaded with fre-model on accuracy of description of experimental curves gives in
quency equal to 15 Hz. The number of cycles to fracture werehe corresponding Kelvin-Voight equation. As to description of
equal to~ 10% and~ 2.5 - 10° correspondingly for steel and the stress relaxation process, only the qualitative analysis of the
PMMA. The acoustic diagnostics of specimens were carried outeceived solutions is presented. For a quantitative estimation ad-
approximately at every - 10* cycles of loading. ditional experimental results of stress relaxation curves, received
It is shown that the changes of mechanical properties of matein aging experiments, are required.
rials due to rearrangements of structure during cyclic tests have
no monotonous character. So the model of linear damage accu-
mulation is a roughly approximation of fatigue fracture process. RererENCES
It is assumed that the method of optical-acoustic spectroscopy
of materials and structural elements allow to determine the limit [1] Struik L.C.E. Physical aging in amorphous polymers and
of endurance of materials with a greater accuracy and predictthe  gther materials. Amsterdam, Oxford, New York: Elsevier
resource of constructions with high probability. Sci. Publ.Comp. 1978. 229 p.
A.R. Arutyunyan, Z.A. Valisheva, B.A. Zimin, Yu.V. Sud’enkov, ) .
St.-Petersburg State University, Institute for Mathematics [2] Arutyunyan R.A. The problem of deformation aging and

and Mechanics, Sankt-Petersburg, Petrodvoretz, Universytetskii ~ Prolonged fracture in material sciences. Sankt-Petersburg:
prospect, 28, 198504, Russia S.-Petersburg university Press. 2004. 252 p.

Robert A. Arutyunyan, St.-Petersburg State University, Faculty
of Mathematics and Mechanics, Universytetsrii prospect, 28, St.-

THE DESCRIPTION OF DEFORMATION AGING OF Petersburg, Petrodvoretz, 198504, Russia

POLIMERS BY MEANS OF MODIFIED MAXWELL
AND KELVIN-VOIGHT MATERIALS

R. A. ARUTYUNYAN N. V. BRAZHNIKOVA MATHEMATICAL MODEL OF NON-STATIONARY
DYNAMICS OF "VIBRATION MACHINE - ELECTRIC
Robert. Arut yunyan@al oma. spbu. ru MOTORS" SYSTEM BY APPLICATION OF
ASYNCHRONOUS MOTOR DRIVES WITH RAISED
Numerous publications, including monograph [1], are devoted STARTING PROPERTIES
to the experimental investigations of thermal and climatic aging
of polymers. For example, in [1] the results of creep experi- E. B. AzAROV S. A. RUMYANTSEV

ments on quenched and aged (4 years) specimens made of dif-

ferent polymer materials (40 types) in amorphous state are pre- The principle of the asynchronous engines with raised starting
sented. To describe these experiments generally the principle giroperties is based on the current displacement effect in the bars
time temperature superposition is applied. This principle lead®f rotor winding. This report provides description of mathemati-
to the horizontal shifting of the compliance curves and describesal model of vibratory conveyer machine with self-synchronized
the behavior of rheologically simple materials. To model the be-vibration exciters asynchronous drive motors system, which al-
havior of complex materials and deformation aging materials it idows to represent transient dynamic processes, accompanying the
necessary to operate with the principles capable to consider bostart-up of machine and impact loads phenomenon. There are
horizontal and vertical shifting. For this purpose the parametegiven the differential equations for movement of vibratory ma-
of effective time [2] is being used. As shown in our presentationchine electric motors” system in case of an asynchronous motor
there is a principle opportunity to describe the behavior of ag-drive with account of the current displacement effect. This allows
ing materials within the limits of simple elastic-viscous modelsto model transient dynamic processes both in the machine, and in
of Maxwell and Kelvin-Voight expressed through the effective the electric motors, taking into account their mutual interaction
time. The parameter of effective time is defined so that at in-y application of different modifications of asynchronous motors.
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Results of numerical modeling of transient and steady-state dy-
9 Y Y THE DERIVATION OF GENERAL EQUATION FOR

namics are represented. The information is submitted in graphic
form which enables to analyze transient dynamic processes bothSOLID'ELEKTROCV%L\IV?EUS?LI_:_\]SEDLUID MEDIA AND

in the electric motors and in the machine.
Eugene B. Azarov, Kolmogorov st., 66, Ekaterinburg, 620034, A. G. BAGDOEV A. V. SHEKOYAN
Russia

For two-phase solid-elektroconducting fluid media equations
of motion in Langrange coordinates are derived and are solved
in connection with Maxwell equations. Linear and nonlinear dis-
persion relations are derived and its shoun that wave propagates
with dispersion,and nonlinear phase velosity is depended from

vl ast @su. samara. ru amplitude of wave. Onedimensional nonlinear waves are inves-
tigated. It is shoun that shear deformations can lead to variation

The process of hydrogen embrittlement (HE) in metals is noof porousity. Non linear theedimensional equation of evoulution
completely understood yet in despite of intense experimental inand Shrodinger equation are derived. Exact solution of last in
vestigation over the world. HE is manifested in time degradatiorform of narrow brams on account of nonlinear absorbsion is ob-
of various mechanics parameters of materials such as elongati¢gained. Soliton-like solution of evolutionary equation is found.
to failure, yield and tensile strength, fracture toughness, etc.  Alexsander G. Bagdoev, Marshal Baghramyan 24b, Yerevan,

HE may change also the mode of fracture from ductile trans374019, Armenia
granular to brittle intergranular. HE in metals is usually caused

DAMAGE ACCUMULATION AND CRACK GROWTH IN
METALS UNDER HYDROGEN EMBRITTLEMENT

V. I. ASTAFIEV

by corrosive reaction in wet H2S containing environments. It is THE WAVE IN GAS-FLUID MIXTUE
assumed that hydrogen enters metal continuously and interacts
with defects of microstructure (dislocations, microcracks, inclu- A. G. BAGDOEV A. V. SHEKOYAN

sion). This is the basis of the damaging effect by HE.

The exact description of that process is represented a meaning-
less task. Instead of trying to describe fine details of that process
we suppose more reasonable to introduce some internal variab

reflecting only the main features of the damage accumulation Urated and influe on dispersion equation. This process is accom-

der HE. o ) ] ) o panied by condesation of vapor on drops, coagulation of drops,
The objective of this paper is to establish constitutive equayiskousity effekts. The linear dispersion equation is derived and

tions with internal variables for elastic-plastic behavior of metalsgyamined. It is shoun that wave can be acculated. Graphs of dis-

under HE conditions and to analyze from this point of view somegjpation coefficient frequency are construted. The formulae and

features of failure both in uniaxial and multiaxial stress state. graphs of variation of drops concrentation on their sizes as funk-
Scalar damage parameter and damage evolution equation tigns from various parameters charcteristing wave and media are

proposed for description of damage accumulation process in coprought.

rosive environment. Elastic-perfectly plastic constitutive equa-Ashot Shekoyan, Baghramyan 24b, Yerevan, 375019, Armenia

tions with yield strength and ultimate tensile strain depending

on damage parameter are considered. The proposed governing

equations describe such experimentally observed features of HE HOW TO INVESTIGATE THE STABILITY OF
process as PERIODIC ORBITS IN NONSMOOTH MECHANICAL

ashot shek@rechi n. sci . am

In propagation of wave in two-phase media consisting from
s drops of fluid, they, under action of acoustic wave, are vi-

. . . ?
1) the existence of threshold stress below which no failure oc- SYSTEMS?
curs, SOUMITRO BANERJEE  YUE MA
2) the embrittlement of material in wet corrosive environment MARIAN WIERCIGROCH
that is referred to the loss of its ductility increasing with the in- ] i . .
crease of material strength level; soumi tro@itkgp.ac.in cool ger @mail.com

3) the change of failure mode during HE process that is re- M W er ci groch@ng. abdn. ac. uk

flected in changing the threshold surface in stress space; ) ) ) o )
There are many systems widely used in engineering, in which

of :fz)rt::t(ijrﬁ?i/:?:rt;igi]:i\g;tri;: greactla(rllr(;l?nth?nniqneigglss?eigrli ii?(iﬁe vector field is nonsmooth. All switching circuits used in elec-
) P _g ] ' trical engineering fall into this category. In mechanical engineer-

5) the existence of threshold stress intensity factor K1th fo'ing, systems involving impacting or stick-slip motion are essen-
macrocrack created under HE conditions. tially nonsmooth in nature.

The results obtained show that experimentally obtained value |t has been shown that in such systems as some parameter is
of threshold stress isn't sufficient to decide - whether or not thesaried, the dynamics may undergo abrupt and atypical bifurca-
material tested is resisted to HE process. Only the whole extion phenomena. It has also been shown that such systems give
perimental procedure involving both strain- and stress-controllegise to piecewise smooth maps in discrete-time, and the atypical

tests can adequately solve this problem. transitions are in general caused by border collision bifurcations.
V.1. Astafiev, Mechanics and Mathematics Faculty, Samara StatBut in order to investigate these bifurcations in detall, it is nec-
University, 1, Pavlov Str., Samara 443011, Russia essary to locate periodic orbits and to estimate their stability. In
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systems that switch between two or more subsystems, this is rfor the creation of a ballistic separator. 4. Calculation of the pa-
trivial matter. rameters of a rotating stream of small thickness (as applied to the
There are two methods now available that achieve this enccentrifugal vibrational concentrators for the extraction of small
The first is the Filippov’s approach of differential inclusions by particles of rare and noble metals). 5. Improvements in hydraulic
which one can construct the saltation matrix and the monodromgharacteristics of a pulp feed-line, working in the conditions of
matrix. The second was developed by researchers at the Univean unstable composition of suspension. Introduction of the rec-
sity of Tokushima, Japan, by which one can obtain the Jacobianmmendations made it possible almost to double the capacity of
matrix of the Poinca map and can follow the periodic orbits ir- the ore concentrating factory of the Kaliningrad amber industrial
respective of their stability. This method has been applied vergomplex.
productively in analysing electrical switching systems, butis gen- The work has been performed with the financial support of
erally unknown to the mechanical engineering community everRFFI (grants 04-01-00053 and 05-08-01500).
though it is quite applicable to the analysis of impacting systemg eonid |. Blekhman, V.O., Bolshoj 61, Saint-Petersburg, 199178,
and stick-slip oscillation problems. Russia
In this talk we shall present the two approaches side by side,
and will highlight their relative advantages and disadvantages
in handling specific types of problems. We shall lay the math- RIDDLES OF THE THEORY OF DYNAMIC SYSTEMS:

odological framework with which the dynamics of any switching ON THE BORDERLINE OF MECHANICS,
system can be investigated. PHILOSOPHY, AND THEOLOGY (DEDICATED TO THE
Soumitro Banerjee, Dept. of Electrical Engineering, Kharagpur, MEMORY OF PROFESSOR P.A.ZHILIN)
721302, India

ILIYA |ZRAILEVICH BLEKHMAN
| h il.

A BENCHMARK STUDY OF THREE APPROACHES TO al ex_chub@il . ru

WAVES IN RANDOMLY HETEROGENEOUS ELASTIC

MEDIA Certain fundamental regularities of the behavior of dynamic

systems are discussed here. With respect to most of themitis pos-
ALEXANDER K. BELYAEV sible to answer the question How?, but it is difficult to answer the
question Why? In particular, there is a question on the universal
prevalence and basic importance of the oscillatory phenomena, of
) . the reflection of the properties of stability in the main regularities
Three _app_roache_s to' the problem of'one-dlmenSIoﬂa| WaVE the real world, of the extreme properties of many of those reg-
propagation in media with random elastic and mass propertie§|aities, of the phenomena of self-synchronization, and etc. A
are studied: (i) method of integral spectral decomposition, (ipglief s stated that no perfect clue to these riddles can be found
the Fokker-Planck-Kolmogorov equation and (iii) the Dyson in-\ithin the frames of mechanics or natural sciences. This is the
tegral equation. A benchmark study is performed, and merits anflg|q of philosophy and of religion, which, from the standpoint of
shortcomings of each approach are discussed. Itis shown that thes natural sciences, can be regarded as an additional hypothetical
approaches cover actually all possible problems of the harmonig;oa models of the Universe. The author dedicates his reflec-
wave propagation in heterogeneous or stochastic media. Hencg,ns o the fond memory of Professor Pavel Andreevich Zhilin
by means of a preliminary analysis of a particular problem andynose creative work combined his fidelity to the mathematical
bearing in mind the strong and weak sides of each approach, ongyqr his wish to comprehend the nature of things and also his
can choose an appropriate strategy of solving the problem. 4yiction of the basic role of mechanics in the construction of
Alexander K. Belyaev, Institute for Problems in Mechanical Engi-iho physical picture of the world.

neering of Russian Academy of Sciences, Bolshoy pr.V.0.,61, %ya I. Blekhman, V.O., Bolshoj 61, Saint-Petersburg, 199178,
Petersburg, 199178, Russia

Russia
PROBLEM OF DYNAMICS OF THE APPARATUS FOR NUCLEATION AND EVOLUTION OF NANOVOIDS IN
SEPARATING SOLID PARTICLES ACCORDING TO POLYSILICON AT QUASISTATIC AND FATIGUE LOAD
THEIR SIZE, DENSITY AND SHAPE
REGIMES
LEONID ILICH BLEKHMAN S. V. BOBYLEV N. F. MOROZOV I. A. OVID’KO

. . . . . A. G. SHEINERMAN
Consideration is being given to a number of problems which

appear when creating and calculating the classifiers, i.e. the sep- ovi dko@lef . i pne.ru

arators, used to classify the solid particles according to their size,

density and shape: 1. Effect of the outer force fields on the rotat- This presentation deals with theoretical models describing
ing streams of liquid (as applied to the apparatus of a hydro-cyclioucleation and evolution of nanovoids (nanoscale cracks and
type). A possibility of the appearance of peculiar resonance phesores) in polycrystalline silicon at quasistatic and fatigue load
nomena has been discovered. 2. The flow of a layer of liquid omegimes. In particular, a theoretical model is suggested which
a vibrating plane (the generalization of Stokes second problerdescribes nucleation of nanoscale cracks at triple junctions of
as applied to the vibrational apparatus for the gravitational congrain boundaries in polycrystalline silicon at quasistatic and fa-
centration of ores). 3. Separation of particles according to theitigue load regimes. The nucleation is intiated by intergrain slid-
shape at the impacts with an obstacle, which provides the basisg which is hampered/suppressed at triple junctions. Also, a
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theoretical model is suggested describing dislocation emissio
from nanoscale pores in polycrystalline silicon at quasistatic an(;INEW APPROACH INJSEPMOES(:l:_'QQICS OF PERIODIC

fatigue load regimes. It is shown that the dislocation emission
events crucially influence evolution of nanoscale pores. A. |. BOROVKOV. V. A. PALMOV

We consider inhomogeneous elastic body. We suppose that it
represents so called periodic composite. It means that this body
is composed from very many similar periodical cells with dimen-
sionsa, b, cin directions of coordinate,, 0, and0, respectively.

INSTABILITIES, INTERNAL MOTION AND RADIATION We suppose that all cells have similar complex structure. At last
EFFECTS IN DYNAMICS OF BOUND SOLITON we suppose that all cells have full contact with their neighbours,
COMPLEXES IN HIGHLY DISPERSIVE SYSTEMS so that displacements and stresses are continuous on the bounds

of cells. Bodies of this so type - periodic composites are the sub-
ject of investigations in huge papers and books. This paper is
bogdan@]| t . khar kov. ua devoted to the new technology of analysis of periodic compos-
charki na@| t. khar kov. ua ites. This technology is based on using of so called "basic so-
lutions” for one cell. We formulate mixed boundary conditions
for six basic problems. We prove that their solutions are periodic
Dynamical properties of nonlinear excitations in condensechnes. This periodicity permute to construct six basic solutions
matter are strongly influenced by spatial dispersion. In crystalgor whole composite. At last we make up linear combinations of
and microstructured solids dispersion originates from lattice disa|| basic solutions. Due to the linearity of equations of elastic-
creteness. The same situation is observed in macroscopic diy theory, they satisfy to all of them identically. We call these
crete systems, e.g. arrays of Josephson junctions, systems Wiggmbinations by the name - regular expansions. For simplifica-
nonlocal interactions, nonlinear transmission ”nes, etc. One Oﬁon of motivations and in order to get Simp|e results we confine
universal effects, which occur in highly dispersive continuouspyrselves by consideration of the case when any cell has three
and discrete systems, is an existence of bound multisoliton Conb|anes of symmetry, which are parallel to the coordinate planes.
p|exeS. SUCh a Soliton C0mp|eX can move radiationlessly. Th|$\|ow we enumerate new result which can be got using new ap-
phenomenon can be described theoretically in the framework gfroach and corresponding way of motivation. We use regular
partial differential equations with higher order spatial or mixedexpansions for getting effective solutions for three fundamental
derivatives. In this contribution a stability of the soliton com- problems of the mechanics of composites. Firstly, we use them
plex is investigated analytically and numerically in the dispersivefor getting of effective moduli of elasticity for composite. For
sine-Gordon and double sine-Gordon systems. Soliton dynami(@(amme, we present simple formulae for these moduli. We con-
of these models can be described by the sine-Gordon and doynce reader that we get exact values of these moduli for uniform
ble sine-Gordon equations with additional fourth Spati()'temporabveraged stresses and strains. Second]y, we present new moti-
mixed derivatives. A peculiarity of the continuum wave SpeCtrUmvation, which leads to the homogenized problem. We prove that
of the dispersive models consists in its single band structure. Agegular expansion” represents effective solution of all equations
a result of the consideration, exact static kink and wobbler solupf elasticity theory for initial nonhomogenized composite if av-
tions are found for the sine-Gordon and double sine-Gordon syssraged stresses and strains satisfy to the homogenized equation.
tems, respectively. It is shown analytically that these nonlinearhirdly, regular expansions and the boundary layer concept are
excitations are stable. Solutions for moving soliton complexesapplied for such formulation of force boundary conditions for ho-
are also found exactly and they have definite values of VelOCitie&nogenized problem which permits to satisfy boundary condition
It is shown numerically that the soliton complex can be formedfor initial nonhomogenized problem.
as a result of interaction of two fast moving kinks. These kinkss; petersburg State Polytechnical University
radiate and loose the kinetic energy until they form the complex,
which moves further with stationary shape and velocity. Vice
versa, if an initial velocity of the soliton complex is less than crit- PROTON DISORDER AND MOLECULAR
ical one then the bound state is unstable and is dissociated into CONEORMATION IN TRIIODOMESITYLENE
two kinks. A separately moving kink exhibits a complex dynam-
ical behavior. At the first stage the kink with a large velocity can A, BoupJapa N. BENCHIHEB L. HAMDELLOU
cause a breather creation on its wake. Translational and internal 5. GHANEMI J. MEINNEL O. HERNANDEZ
modes of the kink appear to be bound therefore its shape oscil- A. BOUCEKKINE
lates slightly according to a velocity oscillation. The kink emits
backward a small radiation and its velocity decreases slowly. It
would be finally noted that the stability properties and propaga-
tion of a soliton complex in the dispersive double sine-Gordon This work is a part of the study undertaken on poly-substituted
system exhibit similar features but its internal dynamics demonhalogeno-methylbenzenes [1-4] to determine more precisely the

strates a more complex behavior including resonant phenomerf@'relation between the dynamical properties of the quantum
under composite wobbler interactions. methyl rotor and variations in the methyl protons localisation

of the rotor hindering potential. The conformation of aromatic
Mikhail M. Bogdan, 47 Lenin Ave., Kharkov, 61103, Ukraine  molecules containing a methyl group in ortho to halogen (Br, I,

M. M. BOGDAN O. V. CHARKINA

shamanda@ahoo. com
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Cl) substitution. The triiodomesitylene (TIM) may be consid- boundaries which constitute favourable seats for the reception of
ered as three times di-ortho-substitued. Our calculations of thpoints defects. This diffusion is accentuated during the annealing.
TIM conformation using density functional theory (DFT) meth- This phenomenon of displacement of the atoms towards the grain
ods with extended basis sets show that C3h and Cs symmethoundaries causes an impoverishment of the element of solid so-
are almost equally probable for an isolated molecule. They inlution inside the grains. It is known that the shear and Young
dicate that a CH bond in CH3 group is in pseudo trans positiormoduli are closely related to the interaction energy creates by the
relatively to the halogen with an increase of the exocyclic CCwhole of the atoms in the material. The diminution of Si atoms in
angle. The hindering potential of each methyl group is smallthe grains involves a decrease of this interaction energy. Conse-
with V3 = 25cm™ ! andV6 = 28cm ™. The molecular ge- quently the elastic characteristics decrease of the homogenisation
ometry found by neutron diffraction at 14 K, has a distoretedto the annealing.

Cs symmetry close to C2v. The DFT calculations done with a . .
model fixing this methyl orientation and relaxing all others vari- Bournane Mohamed, BP 416 RP, Tizi Ouzou, 15000, Algeria
ables has given a geometry very close to that found by neutron

diffraction. The inelastic neutron scattering (INS) experiments

has also found three different tunnelling excitations for CH3. Us-

ing these observables we have proposed potentials and calculed

proton density probabilities that are in good agreement with the FLEXIBLE MECHANISM DYNAMICS

crystallographic results. Thus it seems that crystals effects are
responsible for the existence of the observed distorted geometry
of TIM, so that this compound is an example of a gas phase tran- har t mut . br ener @ ku. at
sition state, trapped in the solid state. It is a clear example of

crystalline influence on a molecular conformation.

HARTMUT BREMER

Flexible mechanisms, also referred to as “Elastic Multi Body

Systems”; (EMBS), consist of interconnected elastic and rigid

REFERENCES bodies undergoing fast relative motions (“rigid body motions”)
with superimposed small elastic deviations. Due to the gross

[1] J. Meinnel, W. Fausler, M. Mani, M. Tazi, M. Nusimovici, rigid body motions, a linearization of the elastic deformations
M. Sanquer, B. Wyncke, A. Neidemann, C.J. Carlile, J.yields some special problems to be solved. The first is the so-

Tomkinson and B. Hennion. Physics B, 1992, 180 and 181called “dynamical stiffening”; problem which yields an addi-

711-713. tional symmetric restoring matrix in which the zero order forces
[2] A. Boudjada, J. Meinnel, A. Boucekkine, O. Hernan- and torques enter description (acceleration reactions, centrifugal
dez, M.T. Fernandez, J. Chem. Phys., 2002, 10173-1018%ffects, gravity forces etc.). The second one results from the fact

V117, N22. that the directional derivatives (e.g. kinetic energy w.r.t. angular
[3] A. Boudjada, O. Hernandez, J. Meinnel, M. Mani and W. velocity) may yield non-orthogonal momentum directions which
Pdilus, Acta Cryst. C57, 2001, 1106-1108. makes the application of analytical methods at least uncomfort-

able (besides the fact that its calculation fioulti body systems
and M. Sanquer: Neutrons and numeral Methods Americelg cumbersome.anyway). The .proposed procedure is therefore
. . : ased on th@rojection Equatiorin terms of subsystems, along
in Instituts of physics 1998, CP179, 217-222. - . . .
_ ) _ o _with nonholonomic variables for the general case. Applied to
Ali Boudjada, Dpartement de Physique, Universit Mentouri, rigid multibody systems one obtains a recursive [order(n)-] solu-

[4] J. Meinnel, M. Mani, A. Cousson, F. Boudjada, W.iR&s

Constantine, 25000, Algeria tion scheme which is best suited for high accuracy and for real
time applications (see APM2000). One may therefore think of
ELASTICITY AND INTERNAL FRICTION OF AL7SIMG to omit partial linearization and to use a “Finite-Segmentation-
HYPOEUTECTIC ALLOY Model” (elastic body discretization in form of finite rigid bodies).
However, such kind of modeling can not really be recommended
M. BOURNANE Y. SADAOUI M. NEDJAR due to the immense requested number of degrees of freedom (as

will be demonstrated inspecting a chain). Considering the links
elastic leads to a straight-on procedure with the aid of spatial
operators. The interconnected ordinary and partial differential

. . ) o ) equations along with the corresponding boundary conditions are
The elastic properties study of solid materials is very Importar?'i]letermined with almost vanishing effort (when compared to an-

for scientists and industrialists. In order to determine the elas“%lytical approaches). These represent the minimal form of the

characteristics of various solid materials, the Impulse EXCitatiorHynamical problem. As for the time being there is obviously no

Technique is very and often used. The aims of this work Con‘procedure available for a direct solution, we proceed to®R

sist to follow the elastic characteristics evolution of the AlI7SiMg approach once more leading to an [order(n)-] solution scheme

hypoeutectic alloy for three states: cast, quenched and ,quencalhich is easy to implement. The drawback here is the requested
annealed. Tfhe_ she_ar .a:wd \_(our_lg lmodull were c_ietftlarmlned bMumber of shape functions (which, however, in case of actively
two modes of vibration: longitudinal and automatic flexion. It controlled systems can be kept small). Nevertheless, the question

was shoyvn that these moduli decrease continuously but SlOWIXn how to operate the minimal form of state equations without
\.Nh'le going from_the_ cast - quenched - annealed states. DUlseries expansion approximation still remains challenging.
ing the homogenisation (quenched state), the atoms of solid so-

lution probably migrate towards the dislocations and the grairHartmut Bremer, Altenbergerstrasse 69, Linz, A-4040, Austria

bour nane@ahoo. fr youcef 1961@ahoo. fr
mhnedj ar @ahoo. fr
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tic structure under consideration. We give a complete finite el-
ement model of piezoelectric devices, taking into account the
damping properties by original principles accepted in the soft-
ware package ACELAN. We also formulate a finite element
model of the analyzable viscoelastic structures. Further, we dis-
cuss the compound models of piezoelectric and viscoelastic me-
dia, and we give a separate analysis to the case of steady-state
Stamping of sheet metal parts by means of hard punches argkcillations. The final part of the work contains some results of
dies is a standard manufacturing process. Despite its broad appfinjte element simulations for piezoelectric — viscoelastic struc-
cation in car-industry, however, sheet metal stamping technologyyres. In the first example we consider the cantilever viscoelastic
is still an art rather than a science. Thus the design of stampayer with piezoelectric actuator and sensor. For Voight's model
ing process and the selection of sheet materials for a practicgle find the viscoelastic moduli, starting from the data on a moni-
product are largely done on a trial-and-error basis. In computeforing of the impedance characteristics of the piezoelectric trans-
simulation of sheet metal forming, several finite element methyycers. In the next example, again for Voight's model, we moni-
ods such as membrane, shell and solid model are proposed. Tk py piezoelectric emitter the reinforced concrete pile with pre-
membrane model is the simplest one. However, the membrangress effects. In the last example we give the transient analysis
model is not applicable where the bending of sheets becomegy viscoelastic plate with a crack, when the viscoelastic mate-

significant, for example, in drawing operations. In general, th&ia| properties are expressed in the integral form using the kernel
processes where the bending effect is significant are simulated Bynction of the generalized Maxwell elements.

the solid model or the shell model. For the solid model, more elyjichele Brigante, via Claudio 21, Naples, 80125, Italy
ements are needed to describe these shell-type structures to pre-
vent numerical difficulty so that a large ill conditioned system

COMPUTER SIMULATION OF SANDWICH SHEET
METAL FORMING

IGOR BRIGADNOV

of equations must be solved. The shell model is more effec- REGIONS OF POSSIBLE MOTIONS FOR A
tive than the solid one although integration in the thickness di-NON-SYMMETRICAL DUMB-BELL IN THE CENTRAL
rection is still needed. The paper is presented in the following ATTRACTION FORCE FIELD

order. First, we present the results of uniaxial stretch experi-

ments for aluminium-polypropylene-aluminium sandwich sheets V. O. BUCHIN

named as Hylites. After that, within the framework of the shell
theory, we describe the elastic-plastic 2D constitutive relation for
transversely anisotropic sandwich gheet takjng into acpount the For a couple of two point masses moving in the central New-
B_auschln_ger effect_ and present a brief description of amsymmett-onian attraction force field the topological classification of the
ric Stamp'”g experlments fpr HyI.ltes. Atthe end, the pu_nch fc?rceregions of possible plane motions is given. This classification
for Hylites is numerically investigated under the hemispherical. \ X . . )
. . is based on Smale’s method with using the diagram of the first
punch strgtchlng op(_ar_atlon by the LS-DYNA code. ._integrals constants of area and energy. The obtained results are
Igor A. Brigadnov, Millionnaya 5, St. Petersburg, 191186, RUSSIarepresented as atlases of the typical regions of possible motions
and of the regions of stability. This material is based upon work

supported by the Russian Foundation for Basic Research under

buchi n@cas. ru

TESTING OF VISCOELASTIC CONSTRUCTIONS: grant No. 05-01-00454.
MODELING BY FEM Vadim O. Buchin, Vavilova 40, Moscow, 119991, Russia
M. BRIGANTE A. V. NASEDKIN M. A. SUMBATYAN

bri gant e@ni na. it nasedki n@math. rsu. ru PROBLEMS OF TECHNOLOGICAL PLASTICITY
sunbat @math. rsu. ru THEORY

Itis well known that the acoustical methods of non-destructive BUKHANKO A. A. L OSHMANOV A. Y.
testing can successfully be applied to analyze the strength and bukhanko@ m m ru | oshmanov@nscom ru
completeness of various objects. Thus most part of civil engi-
neering constructions may be considered as elastic and viscoelas-The purpose of the paper are rigid-plastic analysis of strain
tic materials, and its state can be evaluated by the change of sorfields in the neighbourhood of the features of displacement ve-
acoustic characteristics of the generated acoustic wave fields, &xities field by the example of problems about the flow of rigid-
well as such integral characteristics as natural frequencies arplastic material on the canal with an angular point and about
absorption coefficients on resonance modes. In order to genepressing of rigid-plastic flat bar through an oblique die.
ate and measure the acoustic fields there are applied piezoelectricln the problem about canal the relations defining strain field
transducers. Such devices may be considered both as actuatetistribution in the neighbourhood of the angular point were ob-
and as sensors in a system generating and evaluating the chéained. Calculations for cases when the angular point is at rest
acteristics of acoustic fields. The piezoelectric transducers caand moving are made. The offered approach allows to describe
easily be included in electric circuits, putted on constructionsthe residual strain field in sheet details at their straightening by
and so they are very convenient to test the strength of such civin angle die.
engineering objects as colons, balconies, roofs, etc. In the problem about pressing of rigid-plastic bar were inves-

In the present work we construct a mathematical model, whichigated strain field in the neighbourhood of rigid-plastic bound-
consists of a system of piezoelectric transducers and a viscoelaaries, they are lines of discontinuity for displacement velocities
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field. Were shown, that these lines has considerable influence a@ombustion, however, it fails to predict quantitatively the burning
the changes of deformations fields of particles crossing it. Residrates around this transition. It is conjectured that a similar draw-
ual strain field distribution in the neighbourhood of the featuresback would be shared by any theory limited to a single-point sta-

of displacement velocities field were obtained. tistical description because of difficulty of introducing molecular
Anastasia Bukhanko, Str. Metallurgov, 1, Komsomolsk-on-Amutransport in a way valid for different combustion regimes.
681005, Russia Finally, it is shown that it is possible to obtain a closed equa-

tion for two-point single-time probability density function for ve-
locity and scalars using only formal constraints such as reduction

CLOSED EQUATION FOR TWO-POINT PDF IN and separation properties following the ideas proposed by levlev.
MECHANICS OF TURBULENCE It is shown that application of this constraints results in a very

simple splitting of conditionally averaged accelerations and dif-

ALEXEY A. BURLUKA fusion rates. The resulting integro-differential pdf equation has

non-local terms arising from pressure field while the molecular
transport coefficients are contained explicitly in the local terms.

This work is devoted to a formulation of a closed transportSchool of Mechanical Engineering, The University of Leeds,
equation for a two-point probability density function of velocity Leeds LS2 9JT UK
and scalar variables with a special emphasis on reactive flows.
The need for such an approach is demonstrated using premixed
turbulent combustion as an example. Since the early works of APPROXIMATE ANALYTICAL SOLUTION FOR A
Damkohler, Sommerfield, Schelkin, Wohl and Sokolik it becameMOTORISED MOMENTUM EXCHANGE TETHER ON A

clear that that there exist at least two different regimes in tur- CIRCULAR EARTH ORBIT
bulent premixed combustion and these regimes are characterised ,

with different dependencies on the turbulence rms velaciyd M. P. CARTMELL M. C. D’ARRIGO
the integral scalé;. Laminar flame speed,, and thickness,, D. J. MCKENZIE Y. WANG
were parameters in this description This idea was further devel- mat t hewc@wech. gl a. ac. uk

oped by Borghi with discerning multiple flame structures with
the transition between them in terms of Reynolds and Damkohler .o paper discusses the mathematical transformations neces-

number defined also in terms o, and.,. Identification of vari- = oy 15 convert the nonlinear equation of motion for a dumb-bell
ous regimes later b?‘came some kind of afashlon and several S"Hotorised momentum exchange tether on a circular Earth orbit
llar diagrams had since then been proposed in terms of the samg , ¢orm suitable for approximat analytical solution. A perturba-
varlqbles. At the same tlr_ne, the determination of rate of COMtion parameter is introduced in an algebraically consistent manner
bustion was and still is quite oft_en_ reduc_ed to models_ descrlbm%0 that the equation can be solved using the method of multiple
the turbulent flame speed, or similar to it mass burning @@t qcgjes. The method is applied by means of symbolic solver soft-
solely in terms ofu, andu. Again, similar descriptions became 56 cowritten by one of the authors, and the solution structure
fashl_on_able Wh'c,h can be seen from the.fact Fhat recent review qg discussed, particularly with regard to the governing differential
predictive capabilities of models fy; by Lipatnikov & Chomiak ¢ 4tion and the physical system upon which the model is based.
contains 350 references. (This review emphasises the ere_n_de Sme numerical results are given in addition.
uy Upond,, or related to the latter 'molecular t_hermal dl_ffuswlty Matthew P. Cartmell, James Watt Building, Glasgow, G12 8QQ,
k, and also suggests that there exists a self-similar regime of turUnited Kingdom
bulent flame propagation).

This presentation will commence with analysis of experimen-
tal data obtained in the fan-stirred bomb and Sl engine in order
to assess what parameters define the turbulent combustion rat&.LUIDIZATION REGIMES OF FINE AND ULTRAFINE
Di-tert-butile peroxide (DTBP) thermal decomposition flame is POWDERS
studied in the fan-stirred bomb, this flame, unlike any other reac-
tive medium, is characterised with a single-step chemical kinet-
ics. Unsteady flame: measured for this flame for varyingare
compared with the literature data for the lean ethane-air mixtures
having the same:,, and Lewis number. This comparison indi-  Some years ago we demonstrated that gas-fluidized powders
cates that, firstly the values of measured in fan-stirred bombs may transit from solidlike to fluidlike fluidization prior to bub-
differ from the values in a steady-state burner, secondly the debling, shedding light on a long standing controversy on the na-
tails of chemical kinetics may be important for elevate@nd  ture of "nomogeneous” fluidization. We show here that fine and
thirdly there exists large temporal variability from explosion to ultrafine powders may also transit from the fluidlike state to elu-
another similar to cyclic variability in IC engines. triation, with full suppression of the bubbling regime. We provide

It is argued that any model of turbulent combustion aimed a@ unifying description of the different fluidization regimes based
industrial application should include molecular transport properon simple phenomenological equations in which particle agglom-
ties as well as.,,. Methods of doing this are discussed, using two eration due to attractive forces is a key ingredient. This analysis
probabilistic models, Linear-Eddy-Model developed by Kersteinis also applicable to the important case of liquid-fluidized beds of
and Reference Scalar Field model by Burluka, Gorokhovski andarge beads.
Borghi as examples. Itis shown that the latter model is capable ofntonio Castellanos Mata, Avenida Reina Mercedes s/n, Sevilla,
describing qualitatively the transition between various regimes 041012, Spain

ANTONIO CASTELLANOS JOSEMANUEL VALVERDE
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spectrum of linear excitations of the kink. It consists of a discrete
set of frequencies of internal modes and a single band spectrum
of continuum waves. It is shown analytically and numerically
FRANCISCOANTONIO GILABERT JEAN-NOEL ROUX that a tr.anslational motion of a sin_glg soliton in the_dispersive
system is accompanied by exciting its internal dynamics and cre-
ation of the breather state, and by generation of the radiation. Itis
demonstrated that a fast motion of two identical solitons leads to a
formation of the bound soliton complex, which is stable and can
Discrete element (or molecular dynamics) simulations aremove radiationlessly in the highly dispersive sine-Gordon sys-
used to investigate the structure and mechanical properties ofiam.
simple two-dimensional model of a cohesive granular materialgksana V. Charkina, 47 Lenin Ave., Kharkov, 61103, Ukraine
Intergranular forces involve elasticity, Coulomb friction and a
short range attraction akin to the van der Waals force in powders.

The effects of rolling resistance at intergranular contacts are alsGSTABILITY OF ELASTIC FILMS IN PROXIMITY TO A

COMPACTION OF FINE POWDERS: DISCRETE
ELEMENT METHOD SIMULATIONS

ANTONIO CASTELLANOS

studied. The microstructure of the cohesive packing is shown to RIGID PLATE
depend sensitively on the assembling procedure which is applied
to the initially isolated particles of a granular gas. While a di- Y1-CHAO CHEN

rect compression produces a final equilibrated configuration with
a similar density to that of cohesionless systems, the formation of
lar r rior to th lication of an external pr r - . L
arge agg egates p 0 to t '® app catio otan € ternal p essure Thin films have revolutionized the electronics industry, allow-
results in loose packings, with a structure similar to that of ballis-, : .
. . o ing for the development of magnetic and optical memory de-
tic aggregation clusters. Specific features of force networks, co-. . . L .
vices, improved integrated circuits, flat-panel displays, and a host

ordination number, and density heterogeneities due to cohesion

and their change as function of loadind and unloading paths, ar%f other inventions. With the ability to pattern substances such

. as silicon and polymers on the nanometer scale, thin films are
characterized. ) : S .

- ) . . now being harnessed for nano and micro-scale applications in the
Antonio Castellanos Mata, Avenida Reina Mercedes s/n, Sewllq, ; . . . .

41012, Spain lelds of electronics, chemistry, biology, and biophysics.

P Due to the wealth of applications, the stability of thin films is
important. In photolithography and coatings, for example, it is
necessary to be able to deposit a stable film with uniform thick-
ness. For such a system, instability occurs as a result of competi-

chen@h. edu

ON THE STABILITY OF SOLITARY WAVES

CHARDARD DIAS BRIDGES tion between the stabilizing bulk and superficial energies and the
) destabilizing interaction energy between the film and contactor.
dias@nl a. ens-cachan. fr In general, surface instabilities are undesirable. However, such

] ] ) ) ~_instabilities are now being used to advantage in the techniques
The Maslov index is a topological property of orbits of finite- ¢ 5oft Jithography and atomic force microscopy-assisted electro-

dimensional Hamiltonian systems. In this talk, a numericalgiaiic jithography to generate precise, micrometer-sized patterns
scheme is developed to compute the Maslov index in the exteriqp holymers.

algebra representation. The theory is illustrated by application |, this paper, we study the stability of a thin elastic film bonded
to an eigenvalue problem associated with the stability of solitaryon a rigid substrate, when it is brought to the proximity of a rigid
waves. _ plate. The attractive van der Waals forces between the rigid plate
Frederic Dias, 61 avenue du President Wilson, 94235 Cacharyng the film surface tend to destabilize the film, giving rise to film
cedex, 94235, France deformations of highly complex form. We formulate the problem
as the minimization of total system energy, which consists of the
strain energy in the film, the surface tension potential, and the
van der Waals interaction potential. The first variation condition
of this minimization problem leads to the equilibrium equations
for the film. The equilibrium equations have a trivial solution
branch, which corresponds to homogeneous deformations. When

COUPLING OF TRANSLATION AND INTERNAL
MODES OF SOLITONS IN HIGHLY-DISPERSIVE
NEAR-DISCRETE MEDIA

O. V. CHARKINA M. M. BOGDAN ) . T .
the rigid plate is sufficiently close to the film surface, the van der
charkina@]I| t. khar kov. ua Waals forces are large enough to destabilize the homogeneous
bogdan@]| t. khar kov. ua deformations, and a non-trivial solution branch, corresponding to

non-homogeneous deformation, bifurcates off the trivial solution
The strong spatial dispersion in crystals can change drasticallgranch. Such a bifurcation solution branch is studied by solving
dynamic properties of nonlinear excitations. A typical examplethe linearized equilibrium equations. The critical value of the gap
of the excitations in an imperfect lattice is a dislocation, whichlength between the plate and film surface, at which the non-trivial
can be considered as a soliton (kink) of the Frenkel-Kontorovaolution first emerges, gives the bifurcation point. Moreover,
model. In the system with the strong dispersion solitons exthe structure of the non-trivial solution of the linearized equilib-
hibit a complex intrinsic structure with internal degrees of free-rium equations reveals the possible deformation patterns of the
dom. To succeed in analytical description of the novel effect &ilm when the homogeneous deformations become unstable. Itis
fourth-order spatio-temporal derivative is added to the usual sinfound that both two-dimensional solutions and three-dimensional
Gordon equation. This approach allows us to find exactly a totasolutions are possible, depending on the material properties and
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geometry. Finally, when multiple solutions exist, a detailed sta-of science).

bility analysis is carried out to compare the energies associate}gl\nton G. Chernov, 24 Minin street, Nizhny Novgorod, 603600,
with these solutions. The solution with lowest energy is deeme@?ussia

to be most stable, and thus most likely to be observed in the ex-

periment.

Yi Chen, 4800 Calhoun Road, Houston, 77204-4006, USA

WAVE PROPAGATION IN A ELASTIC CYLINDRICAL

DYNAMICS OF TWO-DIMENSIONAL LONG SHELL LOADED BY A VISCOUS FLUID

INTERNAL GRAVITY WAVES IN A THREE-LAYER ALEXANDER CHUBINSKIY
FLUID
CHERNOVA. G. POLOUKHINA O. E.
KURKIN A. A. Analysis of wave propagation in an elastic cylindrical shell
t me- nn@andex. ru pol oukhi n@mi | . ru filled with a fluid is a classic problem in stationary structural
aakurki n@mil .ru acoustics. In the most publications on this subject, a classic thin

shell theory and a standard model of a compressible fluid (an

Three-layer stratification is proved to be proper approximatiorécoustic medium) are used. However, in some technical appli-
of sea water density profile in some basins in the World Oceasations, the viscous effects in a fluid may be pronounced. The
with specific hydrological conditions. Such a medium is interest-*ésearch reported in this paper is aimed to study the influence of
ing from the point of view of internal gravity wave dynamics, be- viscosity on wave propagation in an elastic cylindrical shell. The
cause in the symmetric case it leads to disappearing of quadratiBeory of elastic cylindrical shells suggested in reference [1] is
nonlinearity when described in the framework of weakly nonlin- used for the analysis of relatively low-frequency vibrations. The
ear evolutionary models, that are derived through the asymptotitheory proposed by A.N. Guz (ref. [2]) is used for description of
expansion in small parameters of nonlinearity and dispersion. IRehaviour of a viscous fluid. Unlike the standard modelling of
this situation the nonlinear transformation of the internal wave2n acoustic medium by a scalar potential, the vector potential is
disturbances is determined mainly by the influence of the nexttroduced in this theory. Therefore, dynamics of a viscous fluid
order cubic nonlinear term in asymptotic series, and the cuis described by equations for a scalar and a vector potential. The
bic nonlinearity coefficient can have either sign depending on thé&lispersion equation is derived. The efficient numerical technique
layer depths (in contrast to traditional two-layer approximation,f solving this equation is developed, in which viscosity param-
for which cubic nonlinearity is always negative). And therefore eter is used as a small perturbation parameter. Dispersion curves
new physical effects in the wave dynamics are possible. are thoroughly analyzed and compared with those obtained for a

In the this study the analysis is presented of the dynamics ofiuct, bounded with a Kirchhoff plate wall and a rigid one (these
long internal gravity waves propagating in a three-layer mediumesults are presented in [3]) as well as with those for a shell filled
for which the Boussinesq approximation is valid. The investiga-n with an acoustic medium. Several similarities and differences
tion is carried out in the framework of improved mathematical between locations of dispersion curves in various cases are iden-
model describing the transformation of internal wave fields genlified and explained in the course of analysis. The detailed para-
erated by an initial disturbance or by an external forcing. TheMetric study of the influence of several parameters, e.g., fluids
model is based on the program complex for the numerical Simu|ay|sc93|ty and th_e parameters of elastic shell, on location of dis-
tion of the full two-dimensional (vertical plane) governing equa- P€rsion curves is performed.
tions for incompressible stratified fluid; it includes nonlinearity,
effect of Earth rotation and inhomogeneous bottom relief, as well
as the influence of barotropic tidal flow.

One of the preliminary objectives of the present study WaSp e - ERENCES
the modernization of the computational algorithms to make the
complex possible to use on cluster consisting of multiprocessor
(SMP) nodes. To solve this problem we used the hybrid pro- [1] Novozhilov V.V. The Theory of Thin Shells, ed. 2, SUD-
gramming approach: MPI technology is used for inter-node com- PROM GIZ, Leningrad, 1962 (In Russian).
munication and OpenMP for parallelization inside of each SMP

node. [2] Guz, A.N. Mechanics of the Brittle Fracture of Materials
In the framework of modified program complex the evolu- with Initial Stresses, Naukova Dumka, Kiev, 1983 (in Rus-
tion of internal localized initial disturbances (of different polar- sian).

ities) is studied. Qualitatively different nonlinear wave regimes
are shown. The processes of developing of long-living nonlin- [3] Chubinskiy A.V. Wave Propagation in a Composite Plate
ear localized quasi-stationary (solitary waves) and non-stationary ~ Loaded by a Viscous Fluid, APM 2005, Book of Abstracts,
(breathers, or oscillatory wave packets) waveforms are demon-  XXXIIl Summer School Conference, June 28 July 5, St.
strated. The results are compared to those following from the Petersburg (Repino), Russia, p. 34.
weakly nonlinear evolutionary models (Korteweg de Vries and
Gardner equations).

The research was supported by RFBR (grant 05-05-64333) anéllexander V. Chubinskiy, Locmanskaja, 3, Saint-Petersburg,
by President of RF (grant MK-1358.2005.1 for young candidated 90008, Russia
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A NOTE ON AN ANALYTICAL SOLUTIONS FOR

TWO-DIMENSIONAL CONVECTION-CISPERSION Ao/ Per —ub)?
EQUATIO C(r,2,t) = % exp [—Kt - Pq%} +
ROBERTO CIANCI \/p—eL Z Ay oxp "[Zkl)]2 x )i pes (2 — ut)? y
cianci @i ptemunige.it Per 41

: x Jo(zi'r)  (3)

Introduction

We study contaminant transport which has become impor- The zero order term, represents the well known result of an
tant for scientist working in environmental engineering. Ana-equivalent one-dimensional problem.
lytical solutions of the mathematical models describing pollu- 2: Continuous Pollutant release
tant transport are rarely possible if important hydraulic/chemical We analyze the effect on the solution due to a continuous
processes are considered together; solutions taking into accouniet of contaminant into the top of the columi€(r,0,¢) =
nonlinear adsorption/desorption have been found only for a oneC’o (r) H (t).

dimensional advection-dispersion problem. The solution is :
Analytical solutions, if they are possible, are preferable to nu- p
merical ones since the latter often need correcting schemes to To0 zurer
i i b ible Clr,z,t) =Y (Ar/2)Jo(z"r)e 2 x
avoid truncation errors, which is not negligible in case of the % k o\%g
advection-dispersion equation with reactive contaminants. In this k=0 - -
note we give analytical solutions for the transport equation in x [e"erfc(@Q + S) +e "erfc(Q —S)] (4)

cylindrical geometry.
The model proposed in this paper is able to predict the concen-

tration profile without assuming infinitely large column or box — (2/2) | Per T —
and furthermore computes solute concentration in all the domain t’
even in non-stationary case. 5
u2Pe? Pe

Problem formulation = z\/ 1 L 4 plz{V)2 Per L +KPeL,S =

A soluble pollutant can be transported in the groundwater sys-
tem by fluid motion through the void space and dispersed by two _ \/U2P6Lf + n (z(l))Qt + Kt (5)

. . . . . . - k

processes mainly: molecular diffusion and hydrodynamic disper- 4 Per

sion. Considering a chemical reaction represented by first-order

L L . 3: Finite-Pulse Pollutant Release
kinetics, and a solute undergoing linear-sorption we have:

We study the influence on the solution due to a pulse injection
of contaminant in the top of the column.
By the superposition property of linear PDESs, we get:

000, 90 _ ~
“or "oz T C(r,z,t) = C(r, z,t) for t < to,
9%’C  19C o°C - .
_DR(a,« r or )+DL 922 ) C(ryz,t) = C(ryz,t) — C(r,z,t — to) for t > to

Roberto Cianci, Ple. J. F. Kennedy, pad D, Genova, 16100, Italy
Boundaries and initial conditions are necessary to uniquely solve

the problem. We assume the impermeability of the column wall.
We shall formulate three different problems for the remaining ini- ANALYTICAL RESULTS FOR THE PLECTONEMIC

tial and boundary conditions and describing the pollutant release, RESPONSE OF SUPERCOILED DNA
in order to cover different possible experimental configurations:

Case 10(r, z,0) = 27 §(z)

Case 20(r,0,t) = Co(r)H(t), C(r,2,0) =0

Case 3(r,0,t) = Co(r)[H (t)— H(t—to)], C(r, z,0) = 0. _ clauvein@mm jussieu. fr

o(r) is the superficial mass distributiom, is the macro- neukirch@mm jussieu.fr k9ld@mm jussieu.fr
porosity of the soil column and, is the concentration of con-
taminant in the inlet section.

To solve this partial differential equation, we consider a partic-
ular Dini-Bessel series expansion of the concentration function:

NicoLAS CLAUVELIN SEBASTIEN NEUKIRCH
BASILE AuDOLY

Mechanical properties of the DNA molecule play an important
role in the biology of cell. Using various nanotechnologies, it is
now possible to apply tensile [1] and torsional stresses [2] onto
an isolated DNA molecule. We model the DNA molecule as an
elastic rod with bending and twist rigidities, subjected to external
F(r) = Ao +ZAk Jo( Zk T) 2 tension_a_mq moment applied at i_ts two clamped ends_. We study

the equilibrium of such a rod taking into account the impenetra-
bility constraint, and focus on plectonemic geometries.

k=1

1: Impulsive Pollutant Release Numerical solutions [3] of this boundary value problem have
The concentration function in terms of the coordindtes, ¢) shown that purely elastic models can reproduce the supercoiling
is: response of the DNA molecule. Using a variational approach, we
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derive analytical formulae for the elastic response of the plecdynamic deformation of metals corresponding to various load-
tonemes, which extend the former numerical results and proing rates are used as initial experimental information. The tests
vide in addition the value of the repulsion force between the twoon the attenuation of elastic precursor at the shock wave load-
coiled molecules. We compare this calculated repulsion force ting of plane specimens have serve as second information, which
that predicted by classical electrostatic potentials, such as Debyés used to control the adequacy of model constructions. The re-
Huckel’s. verse approach is possible, when the first and the second exper-
This variational formulation provides a natural framework to iments change the roles, but such way is more labour-intensive.
study the influence of thermal fluctuations on the behaviour ofThe known Orowans correlation serves connecting-link between
the molecule: a statistical mechanics treatment of our model althe characteristics of the dislocation motion and reproduction in
lows us to reproduce the entire experimental response curve, frothe micro level and the macroscopic approach. The problem on
worm-like to supercoiled configurations. the kinetic parameters calculation is scrutinized for two differ-
ent formulations: with the using of (1) the Prandtl-Reuss model
of elastic plastic medium and (2) the Godunov-Romenskii model
REFERENCES of nonlinear Maxwell medium. In the first case, the unknown
parameters of dislocation kinetics are included immediately into
[1] S. B. Smith, L. Finzi, C. Bustamante, Direct Mechanical the equation for the plastic deformation rate, and their calcula-
Measurements of the Elasticity of Single DNA Molecules tjon problem is solved enough simple. In the second case, the
by Using Magnetic Beads, Science. 1992, V. 258, pp 1122¢onnection between unknown parameters and the process of ir-
1126. reversible deformation is more complex and mediate: known pa-
[2] Strick, T. R. and Allemand, J.-F. and Bensimon, D. andrameters are included into the interpolation formula for the relax-
Bensimon, A. and Croquette, V., The Elasticity of a Sin- ation time of tangent stresses (or into the formula for nonlinear
gle Supercoiled DNA molecule, Science, V. 271, 1996, ppMaxwell viscosity), and the relaxation time appears in the coef-
1835-1837. ficients of the differential equation system. In the bother cases,
[3] S. Neukirch, Extracting DNA twist rigidity from experi- the way of the kineFic parameter determingtion is reverse problgm
mental supercoiling data, Physical Review Letters, V. 93’and comes t(_) the_lteratlon sequence of direct prqblems. Durlng
N. 19, 2004, 198107 each step of |Ferat|or_1 procedu_re, firstly the_ nume_rlcal experiment
of the dynamic loading of uniform roods is carried out. At the
Nicolas Clauvelin, 4 place Jussieu - case courrier 162, PARISsame time the tough testing machine, when the deformation his-
CEDEX 5, 75252, France tory with constant rate is specified, and the loading is traceable
variable. The calculation deformation curve is constructed us-
ing the results of numerical experiment and is compared with the
corresponding curve obtained from physical experiment. Then in
accordance with the certain algorithm, the choice is realized for
new values of kinetics parameters ensuring the calculation and
experimental deformation diagrams coincidence. The described

One often refers to the reflection of internal gravity waves onP"0CesS is repeated until the best meansquare approximation will
sloping topography to explain mixing phenomenon in the oceani®€ fc_)u_n_d. The glo_ballt_y of founq extreme is controlled when vari-
interior. When the incident angle corresponds to the angle of th@Us initial approximations for kinetic parameters are chosen. The
slope, the linear theory predicts that the reflected beam has Pmparison .the numerllcal values of the kinetic parameters with
infinite amplitude. We show analytically how this singularity can their theoretical evaluations for some metals shows that they can

be healed when nonlinearity, dissipation and transience are takdfiffers in several order. At the same time, the calculation dia-
into account. grams describe corresponding experimental curves entirely sat-

Moreover, we will present results of several laboratory e.Xper_isfact_orily. Furthermc_)re,_obtained results demonstrate that the
iments to make quantitative comparisons with theoretical predicPlastic deformation kinetics model accurate on the base of the
tions. These experiments (standard and synthetic Schiieren &fSt €xperimental data reflect far from always adequately the sec-
PIV) conducted either in our laboratory or in the Coriolis plate- ©"d €xperimental information.
form in Grenoble allow to exhibit quantitatively the role of non- Valerii N. Demidov, pr.Academicheskii, 2/1, Tomsk, 634021, Rus-
linearities during the reflection process. sia
Thierry Dauxois, 46 alle d'ltalie, Lyon, 69007, France

REFLECTION OF INTERNAL WAVES: THEORY AND
EXPERIMENTS

THIERRY DAUXOIS

AL WAVES IN A ROTATING CYLINDER PARTIALLY
ON THE CALCULATION OF DISLOCATION KINETICS FILLED WITH A VISCOUS FLUID AND STABILITY OF
PARAMETERS OF PLASTIC DEFORMATION USING ROTOR SYSTEM
THE RESULTS OF DYNAMIC TESTING OF METALS
DERENDYAYEV N. V. SoLDATOV |. N.
DeEmiDOV V. N.

vn_demnmi dov@mail . ru

erfv@ewmil .ru

It is well known that rotors and spin-stabilized projectiles car-

The problem on the calculation of microstructure parametersying liquid payloads can suffer dy-namical instability (Stewart-

of dislocation kinetics is examined for plastic deformation of met-son K., 1959; Rumyantsev V.V., 1964 ). A rotating body of fluid
als using results of macroscopic experiments. The diagrams a$ capable of supporting a unique type of wave motion through the
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action of the Coliolis force. Such waves are usually called inerzones is considered theoretically using analysis of averaged sys-

tial waves or gyroscopic waves. They are found in many contextsems. Numerical study of Poindamap gives a good compliance

including the oceans and atmosphere. We conduct a theoreticaiith theoretical analysis of bifurcations.

analysis of wave processes in rotating layer of fluid and influence This research is supported by CRDF grant No RU-M1-2583-

of resonant excitation of waves on stability of rotor system. TheMO-04 and by RFBR grant No 06-01-00270.

mathematical problem for flow in rotating right circular cylinder Timofey N. Dragunov, Vaneeva, 82 - 61, Nizhny Novgorod,

admits solution contained auto-model solution and solution as 803106, Russia

superposition of wave modes. The wave mode can be represented

as a sum of six screw harmonic: the two forms central core of

flow, other forms viscous boundary layers. Dispersion relations

of inertial waves in layer are studied in details. The obtained so-

lution is used in problem of stability of a rotor with fixed point.

The rotor, which angular velocity is main-tained constant by a dvas@lvas. ru

special drive, is partially filled viscous fluid. D-curve dividing

the parameters plane into domains with different degree of insta- The equilibrium configurations of plain rhombic 4-atomic sys-

bility is plotted. The work was supported by the RFBR (projecttem are considered in the presented work. Interaction of two

No. 06-01-00270). atoms is described by Morse potential. The dependences of the

Igor N. Soldatov, Beliskogo, 85, N. Novgorod, 603024, Russia quantity of equilibrium positions and their stability on the dimen-
sionless parameter of the interatomic potential were determined.
The dependence of the force, applied to one pair of particles on

STABILITY OF PLAIN 4-ATOMIC SYSTEM.

NIKOLAY DvAs

ABOUT ONE PROBLEM DYNAMICS MASSIVE the distance between them was obtained. The value of the pa-
CONSTRUCTIONS rameter, in view of which the bifurcation occurs, was determined
both theoretically and with the help of the numerical experiment.

V. DOVGAN, YA. RUDAEV, A. ZEMLYANSKIY The graph, showing the relation between the dimensionless pa-

rameter and the energy, required to convert the system from one
equilibrium position to another, was obtained. The values of the

Itis offered decisi bl fth ki q vsis ph %Jarameter required to stabilize the square equilibrium configu-
IS ofiered decision problem ot the making and analysis phast, i, were determined both theoretically and numerically. The
portrait massive constructions, executed from concrete. Unde

the k : tation displ td d litud doincidence of the point, where the square equilibrium configura-
€ nown Incrementation displacement dependency amplitud&g, , |oses jts stability, and the point of bifurcation was ascertained
of the oscillations from frequency with use Fourier-analysis in

dition initiated seismicity is fixed. It is sh that | and explained.
c_on tuon ini |e_1 € selsmlc_l y IS Tixed. . IS shown tha cc_)rre a'_NikoIay G. Dvas, none, Saint-Petersburg, 199000, Russia
tion between incrementation of the displacement and his strain

has opening and closing area. Herewith opening part is condi-

tioned elastic deformation, but opening - a deformation creep, CRITERION OF DYNAMIC OPTIMIZATION OF
fixing with use of the theory inherited creep solid. The calculat- MECHANISMS WITH NONLINEAR

ing procedure are realized on example Toktogul hydroscheme. CHARACTERISTICS UNDER COMPLEX EXCITATION

V. Dovgan, Ya. Rudaev, A. Zemlyanskiy, Bishkek, Kyrgyzstan,
720000, 44 Kievskaya POLINA DYATLOVA |0SIFVULFSON

rudaev36@mil .ru

dyat | ovaspb@ot box. ru

PENDULUM EQUATIONS WITH NON-MONOTONIC

One of ways of decrease of dynamic loadings drive mecha-
TWIST

nisms which are carrying out periodic movement of output link,
is dynamic unloading with the help of the elastic elements estab-
lished between a target part and the frame of the machine [1]. In
gevelopment of work [2] in given work the problem of a choice
of parameters dynamic unloader is solved optimization at the ac-
count of the vibrations arising because of kinematic excitation,
technological loadings and impacts at impact in clearances.

To the accepted dynamic model the following nonlinear differ-
ptial equation is given in dimensionless kind:

T.N. DRAGUNOV S. A. KOROLEV A. D. MoRozov

For dynamical systems with one degree of freedom which hav
nonlinear terms in the form of trigonometric polynomial of de-
green > 1, periodT of motion along closed phase curves may
be a non-monotonic function of enerdy. In this case there are
energy levels for which first derivative of functidi(E) is equal
to zero. These levels are called degenerate. Let us call the ordé&
of the first non-zero derivative af (F) as the order of degener-
a;]cyj,j > 1. For maximal order of degeneragy,... it is shown 4! +p* [9/(7p)at + q1 — 0.5A1signqs] x (1)
thatjmes =n, n > 1. .

For polynomials of degree 2 to 5 the values of coefficients are X (j] = 0541) = W),
presented for whicl’(E) is a non-monotonic function and also whereq: = g/r; p = k/w; Ar = A/r; W = Q/ (mrw?);
values for whichT'(E) has extremum of the maximal order of ¢ is the coordinate of input link, a stroke corresponds to dif-
degeneracy. ferentiation on a angular of turn of the main shaft & qjw,

When dynamical system of this type is under time-periodicg; = ¢}w?),  is step function.
perturbation, such extrema cause the existence of degenerate resThen functionW (y), proportional to the generalized force,
onances. The question of the structure of degenerate resonancan be submitted as
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P. Dyatlova, E. Polyakova, V. Chaikin, St-Petersburg State Uni-
N versity of Technology and Design, Bolshaya Morskaya St., 18,
W(p) = —(cosp + Acos2¢) +g/(rw”) — f(p)— (2)  St.-Petersburg, Russia

—po(so + 14 0.25) — cos @ — 0.25) cos 2¢),

wherept = co/m, s0 = yo/r: f(9) = F(0)/(mrw?), yo is DEFORMATION AND INSTABILITY OF HOLLOW

size of preliminary deformation of an elastic element of unloader, POLYMER PARTICLES UNDER SWELLING
F () is external forceg is acceleration of free falling, pulse in-

. ; . VICTORA. EREMEYEV ALEXANDR B. FREIDIN
dignation from external force we shall accept in the form of a

: . . VALERY N. PAVLYUCHENKO SERGEY S. IVANCHEV

half wave of a sinusoig'(¢) = f. sin[r(¢ — ¢1)/(p2 — ¢1)],
atyp1 < ¢ < o, Wherepr, 2 are corresponds to the beginning erenmeyev@mat h. rsu. ru;
and the end of a puncturg; = Frnaz/(mrw?). frei di n@echani cs.ipme.ru;

For check of efficiency of the developed technique of decrease pavl yuch@n2270. spb. edu;
of vibroactivity the drive of needle table computer modeling was i vanchev@mi | . wpl us. net
carried out on the basis of the decision of the differential equation
(1) numerical method. The benefits of using hollow spheres in different fields, for

Optimize dynamic synthesis of unloader is multi-criterion example, as aqueous dispersions are discussed in [1]. One of
problem. For comparison of dynamic characteristics of modeshe perspective methods of producing such particles is based on
the following criteria are offered: 1) the criterion describing root- a core-shell technology. The procedure includes a stage which
mean-square value of dynamic reaction, enclosed to needle tablean be modeled as a swelling an elastic sphere under internal
2) the criterion describing root-mean-square value of the momengressure. We present the results on modeling the deformation
transmitted on the main shaft of the machine; 3) the criterion deef hollow polymer particles at this stage. We study the infinitesi-
scribing root-mean-square value additional acceleration, causedal instability of a thick spherical shell within the framework of
by vibrations; 4) the criterion describing relative total duration of three-dimensional nonlinear elasticity. The critical values of in-
sites of break of kinematic contact because of clearances. ternal pressure are evaluated and corresponding buckling modes

are obtained. We show that the instability depends on the pres-
ence of descending part on the tension-extension diagram of the
REFERENCES material from which the particle is made. We discuss the mecha-
nisms of collapse (fracture) of the hollow particle at the stage of
[1] Vulfson LI., Vibrations of machines with mechanisms of swelling, depending on material properties.
cyclic action. Leningrad: Mechanical engineering, 1990. This work was particularly supported by the Russian Founda-
309 p. (in Russian) tion of Basic Research and the Russian Science Support Founda-

[2] Vulfson I., Dyatlova P. On the problem of dynamic unload- tion.
ing of machine’s drives with nonlinear characteristics // Pro-
ceedings of the XXXII Summer School-Conference APM

2004/ St-Petersburg (Repino), 2004. Pp. 461-464. REFERENCES
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2171.
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CONSTITUTIVE EQUATIONS FOR SOFT SHELLS
WITH NETWORK MICROSTRUCTURES

P. DYATLOVA E. POLYAKOVA V. CHAIKIN

dyat | ovaspb@ot box. ru kat yapol @u. spb.ru

The network shells made of quite flexible elastic filaments are THE THEORY OF SHELLS AND MICROPOLAR
the subject of studying in the present work. The Lagrangian co- BODIES: DEVELOPMENT OF P.A.ZHILIN'S IDEAS
ordinates on the shell are introduced by means of two sets of the
curves determined by cellular structure of the shell. As a strain
measures of the shell the relative elongations of these curves and erenmeyev@mat h. rsu. ru
also changing of a corner between them are chosen. For various
kinds of the cells typical for products of the textile industry, the  We present some recent results on the theory of shells and the
density of potential energy of the appropriate shell is expresse8D micropolar elasticity that are based on the papers by Zhilin [1,
as function of their deformations. The required constitutive equaz, 4], Altenbach and Zhilin [3, 5], and Altenbach et al [6]. In the
tions are received from a condition of equality of work of interior work by Zhilin and his coauthors various problems of linear and
stresses of the shell, on the one hand, and variations of its potenenlinear shell theories were discussed as well as some problems
tial energy, on the other hand, at any virtual moving of the shell. of the tensor calculus. One of the problems is the formulation of

VICTORA. EREMEYEV LEONID M. ZuBov
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constructive definition of local symmetry group for a shell with
regard for the different nature of strain measures of a shell. A
closely related problem is the development of tensor invariantf,s]
theory for the axial and polar tensors.

We present some results on the local symmetry group for a
shell and3 D micropolar body as well as results in the shell theory
based on the works [2, 3].

A new definition of the local symmetry group is introduced for [6]
the micropolar shell. It is based on the invariance of the elastic
strain energy function with respect to such transformations of the
reference configuration which are indistinguishable in terms of
response during experiments. We consider only those diffeomor-
phisms that preserve the location of a common point of the she
and its tangent plane at this point. The relations can be written in
terms of four tensors and these quadruples form a local symmetry
group. The response function should be invariant with respect to
such local transformations of the reference configuration that are
formed by the elements of the local symmetry group. The defini-
tions of surface isotropic and orthotropic shells are given and th
constitutive equations are presented.

Another alternative definition of the local symmetry group is
given for a shell where we take into account the dependence of
the strain energy surface density on the structure curvature tensqg]
Here the local symmetry group is formed by triplets of tensors.

The 3D micropolar elasticity is also considered and the local
symmetry group is constructed. Now we take into account that

testv. Nauki, Special issue: Nonlinear Problems of Contin-
uum Mechanic$2003) 176-195.

H. Altenbach and P. A. Zhilin, The theory of simple elastic
shells. In: R. Kienzler, H. Altenbach and I. Ott (ed§:heo-
ries of Plates and Shells: Critical Review and New Applica-
tions. Springer-Verlag, Berlin (2004) pp. 1-12.

H. Altenbach, K. Naumenko and P. A. Zhilin, A direct ap-
proach to the formulation of constitutive equations for rods
and shells. In: W. Pietraszkiewicz and C. Szymczak (eds.),
Shell Structures: Theory and Application¥aylor & Fran-

cis, London et al. (2005) pp. 87-90.

V.A. Eremeyev and L.M. Zubov, The general nonlinear
theory of elastic micropolar shells (in Russiaivestiya
VUZov, Sev.-Kakavk. Region, Estestv. Nauki, Special issue:
Nonlinear Problems of Continuum Mechani@)03) 124—
169.

] V. A. Eremeyev, Nonlinear micropolar shells: theory and ap-

plications. In: W. Pietraszkiewicz and C. Szymczak (eds).
Shell Structures: Theory and Applicationaylor & Fran-
cis, London et al. (2005) pp. 11-18.

V.A. Eremeyev and W. Pietraszkiewicz, Local symmetry
group in the general theory of elastic shells. (To be pub-
lished.)

the bending measure of pseudotensor and its transformations difictor A. Eremeyev, Southern Scientific Center of RAS & Rostov
fers from the strain measure. Note these results closely relate ftate University

the modified theory of tensor invariants developed in [4].
The universal deformations of micropolar shell are introduced.
The universal deformations are solutions of a static problem

Leonid M. Zubov, Rostov State University

which satisfy the equilibrium equations for any constitutive equa- ON THE FEM MODELLING OF NANOFILM HELICAL

tion of orthotrophic or isotropic shells.
Zhilin’s work [2] on the nonlinear theory of shells was pre-
ceded by his paper [1] in which a geometrically linear variant of

COIL

VICTORA. EREMEYEV SERGEY E. STROCHKOV

the theory of Cosserat shells has been developed. We generalizeer emeyev@rat h. r su. ru hunky- dory@ nbox. ru

the model [1] to the case of a shell with continuously distributed

dislocations and disclinations. For this problem of mechanics of We present some recent results on the finite element modelling
shells with defects, the statics-geometrical analogy for a case a@ff of the semiconductor nanofilms, nanotubes and springs made
a shell with defects is obtained and a principle of duality is for-of semiconductor nanofilms. One of the perspective method of
mulated that establishes mathematical equivalence of two conproducing such nanostructures was proposed by Prinz. One of the
pletely different in physical formulation static problems of shells. produced nanostructures (helical coil) is perspective for mechan-
This paper is based in part on the results [7, 8, 9]. ical experiments. The aim of this paper is to propose several sim-
This research was partially supported by the Russian Foundasle mechanical models for helical coil and compare these models
tion of Basic Research and the Russian Science Support Foundaith the results of FEM modelling by using ANSYS package.

tion. Natural frequencies of a micro-sized helical coil were investi-
gated. The applications of proposed numerical experiment to the
predictions of the mechanical properties of nanofilm is discussed.

REFERENCES Sergey E. Strochkov, Obukhovskiy 3, ap 911, Rostov-on-Don,

344038, Russia
[1] P. A. Zhilin, Mechanics of deformable directed surfades.
J. Solids and Strucfl2 (1982 635—-648.

[2] P. A. Zhilin, Basic equations of the non-classical shell the-
ory (in Russian)Trudy Leningradskogo Politekhnicheskogo
instituta386(1982) 29-46.

H. Altenbach and P. A. Zhilin, The theory of elastic thin

shells (in Russian)rdvances in Mechanickl (1988) 107- Equations that describe dynamic processes in materials differ-
148. ently resistant to dilatation and pressure were obtained. It was
P. A. Zhilin, Modified theory of symmetry and tensor invari- shown that presence of damages causes quadratic nonlinearity to
ants (in Russianlgvestiya VUZov, Sev.-Kakavk. Region, Es-appear during shear wave propagation in the medium (in the case

ELASTIC SHEAR WAVES IN BIMODAL MATERIALS
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of shear wave propagation in ideally elastic medium the smallgating modes) is considered in details. The work was supported
est nonlinearity for the shear oscillations would be of the thirdby the RFBR (project No. 06-01-00270).

order). It was shown that bimodality of the material makes gen{Natal Kluyeva, Belinskogo 85, Nizhny Novgorod, 603024, Russia
eration of second harmonic of shear wave possible. The basics

of generation of second harmonic mechanism were discovered.

Dependencies between amplitudes of waves that propagate wWithspaT|0-TEMPORAL DYNAMICS OF BOUND STATES
main and doubled frequencies on the parameters of material dam- IN FARADAY RIPPLES: EXPERIMENTS AND

age were established. Typical length on which energy swaps from NUMERICAL SIMULATIONS

the main wave to the second harmonic was obtained, which gives

a possibility to evaluate the parameters of material damage. On A. B. EZERSKY V. O. AFENCHENKO
the basis of the constructed mathematical model with the help S. V. KIYASHKO A. V. NAZAROVSKY

of experimental researches dependence between the parameter . .

of damage and plastic deformation was obtained. On the ba€2€" @ppl . sci-nnov.ru afen@ppl . sci -nnov. ru

sis of research of the profile of Riemannian wave an analysis of ki yashko@ppl . sci -nnov. ru

plane shear wave propagation in damaged and undamaged mate- nazar ovsky@ppl . sci - nnov. ru

rials was conducted. It was shown that the profile of Riemannian . ) ) S
wave is being distorted during propagation. This phenomenon It was founq in experiment that topological ;Iefects arisingina
can be observed both in the medium with quadratic nonlinearitjetragonal lattice formed by orthogonal standing waves paramet-
and with cubic nonlinearities. Parameters of wave turnover poinfically excited on the surface of a viscous liquid (Faraday ripples)
for damaged and undamaged materials were found. Comparis&in form bound states. It was shown that there eyst two types of
of these parameters permits the conclusion that the damage of tfll¢h bound states: a bound state of two topological charges hav-
material significantly contributes for the values of parameter ofnd the same sign (type 1) and having opposite signs (type 2).
damage being in the range . For the values of parameter of danfYP€ 1 bound states appear at side walls and disappear either at
age less than damaged material behaves like undamaged. It Wg_ge walls or as a result of apnlhllatlon with defects of opposite
shown that in a nonlinear approximation the equation of dynam$i9n- Type 2 bound states arise when a bound state of type 1 in-
ics of damaged medium with couple stresses admits solution ifUCES inan orthogonal wave two defects having opposite charges.
the form of stationary wave of deformation periodic and solitaryBound states of type 2 are formed far from the boundaries and
(soliton), parameters of which greatly depend on the Coeﬁicienhav‘_e limited life time. Processes occurring in the course of for-
of material damage. Dependencies between the parameters 'Bgton of bound states were modeled numerically by two couplgd
stationary waves on the parameters of material damage were af#\NZburg-Landau equations. It was found, for example, that in
alyzed. These discovered dependencies can be put at the basis%?e 1 bound state the distance between the topological charges

acoustical method of diagnostics of damaged material. is determined by group velocity of the waves: with increasing ve-
Viadimir I. Erofeyev, Belinskogo str, 85, Nizhny Novgorod locity, the size of the bound state grows from zero to the size of
603024 R.ussia ' R "the system. Exactly this dependence was observed in experiment.

It was revealed that, as supercriticality (amplitude of parametric
forcing) is increased, spatio-temporal chaos of bound states of
two types arises in Faraday ripples. Experiments demonstrated
that the number of topological defects far from side walls can be
reduced by periodically modulating the frequency of parametric
forcing. The motion of a single topological defect at pump fre-
EROEEYEVV. . KLUYEVA N. V. SoLpaTov I. N. quency modulation was studied. It was found that periodic modu-
lation of pump frequency changes the trajectory of defect motion:
small-scale walks arise against the background of smooth motion.
The effect of a reducing number of defects that may appear un-
The structures of the wave field, amplitude-frequency characexpected at first sight may be attributed to the fact that, due to
teristics, which are an important in nondestructive testing, aryandering, the defects of opposite topological charges generated
studied. Also information characterizing the structure of the wavey; side walls annihilate effectively and decrease in number in the
field is useful for vibroprotection design. We consider time- central region.
harmonic wave motion generated by surface load. In simple case§exander B. Ezersky, 46 Uljanov Street, Nizhny Novgorod,
such as a load applied to the faces of the free elastic layer thgn3950, Russia
boundary-value problem are solved by an application of the Han-
kel transform technique, and an evaluation of the in-verse trans-
form by contour integration and residue calculus. The wave field GENERALIZATION OF TECHNICAL THEORIES OF
in elas-tic layer in far zone can be expressed as a sum of nor- NONLINEAR CREEP ON AN ENDOCHRONIC
mal modes. In the present pa-per, an investigation of the influ- CONCEPT
ence of elastic and interfacial properties upon the spectrum of
surface displacements and H/V ratio is presented. The effects
of some parameters upon amplitude-frequency curves of surface g. f ed@obox. spbu. ru
displacements are analysed. Practical implications of the use of
the horizontal to vertical component ratio (H/V-ratio) to study the  The basic technical theories of nonlinear creep are analysed
subsurface structure and to select the mode are discussed. Taed generalized in an analytical kind on base of endochronic con-
energy balance (the energy distribution between different propacept: the theory of ageing (time hardening), the theory of fluidity

SPECTRA OF SURFACE DISPLACEMENTS AND H/V
RATIO IN PROBLEMS OF SELECTION OF WAVE
MODES

FEDOROVSKYG. D.
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and the theory of deformation hardening with degree functions othe variation of the physical or mechanical characteristics at this
creep by Baily and Norton. In a scale of introduced time the mod-point is determined by the numerical integration of the influence
ified equations of creep have a canonical kind of a quasy-lineaiunctions components. In the approach proposed, the influence
integrated equation with a determining function such as Bailypoint is taken arbitrary, and fixed is the most convenient special
The scale (measure) of generalized time has a "simple” (not deelement over which analytical integration of the influence func-
pendent on current time) degree kind with an exponent expressdbn components is made one time resulting in the functions of
through exponents of functions by Baily and Norton. Such equathe coordinates of an arbitrary influence point. It has been ev-
tions give an opportunity of more full and unified description of idenced that, for any boundary element and any influence point
nonlinear processes. Generalization of scale is executed by ithere is a point for which the integrals over the special element
representation as a linear integrated functional, hierarchically dehave a simple relation with the integrals for the initial element
pendent on degree scale - function. The given generalization aknd the initial point. Thus, instead of going over all boundary el-
lows to describe the creep of media with accelerated or sloweé@ments with numerical integration around a fixed influence point,
down responses - hardening and dishardening, and, in generélere one goes around influence points for the fixed special el-
enables us to describe multiphasic behaviour of media with noement, which are determined by the found transformation. For

trivial memory. two-dimensional problems most convenient special elementis the
Georgy D. Fedorovsky, University pr. 28, St.-Petersburg, Peterdine segment lying on a coordinate axes with one end at the ori-
hof, 198504, Russia gin, and for three-dimensional problem the triangle lying on a

coordinale plane with one apex at the origin. For these special

elements elementary analytical formulae common for any me-

STOCHASTIC NON-NORMAL DYNAMICAL SYSTEM chanical or physical properties and for any problem have been
FOR SUBCRITICAL TRANSITION derived as integration results. The formation of the matrix of the
resolving system and then the finding of displacements, strains
and stresses in the interior region is made simply by substituting
different coordinates of influence points into the elementary func-
sergei . f edot ov@manchest er . ac. uk tions obtained. These operations admit absolute paralleling. As
the solutions have been obtained in the form of analytical expres-

The effects of stochastic perturbations on a non-normal dySions satisfying the principal equations of mathematical physics,
namical system near bifurcation point are investigated. By us©ne can correctly calculate physical and mechanical characteris-
ing the transformation of variables we identify a “slow” variable tics determined in terms of the derivatives of desired solutions
that determines the global evolution of the non-normal dynami{strains, stresses, stress gradients, heat flows etc.). A comparison
cal system with two variables in the subcritical case. We apply afvas drawn between problem solutions obtained by the technique
adiabatic elimination procedure to derive a closed stochastic difPfoposed and those obtained by the classical boundary element
ferential equation for the “slow” variable which dynamics is de- Method. The computational speed proves to be much higher in
termined along one of the eigenvectors of full system. We obtairthe former case. By the example of elementary test problems,
the stationary solution of the corresponding Fokker-Planck equaduick convergence of numerical solutions to the analytical one
tion and show that an increase in the intensity of the multiplicain terms of the number of boundary elements has been demon-
tive noise leads to qualitative changes in the stationary probabilitptrated.
density function. The later can be interpreted as a noise-induced
phase transition. We illustrate our results by using the model for a
stochastic galactic dynamo. By a numerical simulation of the dy-RE':ERENCES
namical system with two variables, we show that the qualitative
behavior of the “empiric” stationary pdf of “slow” variable to be . . . )
accurately predicteoFI)by the stationyafy pdf of the reduced system. ment Techniques. Springer-Verlag Berlin Neidelberg New-

Sergei Fedotov, Sackville Street, Manchester, M60 1QD, United York Tokyo, 1984, 524 p.
Kingdom [2] P.K.Banerjee, R.Batterfield. Boundary Element Methods

in Engineering Science/McGraw-Hill book kompany (UK)
limited, 1981, 494 p.

Lev F. Spevak, 34, Komsomolskaya St., Ekaterinburg, 620219,

SERGEIFEDOTOV IRINA BASHKIRTSEVA
LEV RYASHKO

[1] Brebbia C.A., Telles J.C.F., Wrobel L.C. Boundary Ele-

SOLVING TWO- AND THREE-DIMENSIONAL ELASTIC
PROBLEMS BY MODIFIED BOUNDARY ELEMENT

METHOD Russia
V.P.FEDOTOV  L.F.SPEVAK  V.V.PRIVALOVA ON THE FREE VIBRATION OF THE CYLINDER SHELL
V. B. TRUKHIN PARTIALLY PROTRUDING ABOVE THE SURFACE OF
f edot ov@ nmach.uran.ru | fs@ nmach. uran. ru THE LIQUID
| pm@mach. uran. ru GEORGEFILIPPENKO
A modification of the boundary element method is proposed, geor ge@f 4663. spb. edu

with the technology of paralleling primordially built in on the al-

gorithmic level. The main difference from the classical technique The problem of free oscillations of the cylinder shell partially
[1, 2] is as follows. In the boundary element method an influenceprotruding above the surface of the liquid is considered in the
point is fixed, and then the effect of each boundary element omigorous mathematical statement. The exact analytical solution
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of the problem is constructed. The dispersion equation basing oREFERENCES
the exact solution is obtained. The representation for the eigen

functions is obtained. [1] E.L. Tarunin, S.S. Kruglikov. Thermal convection in bee-

George Filippenko, Vasilievsky Ostrov, Bolshoy Prospect 61, St.- hives. Proceedings. International Conference. Advanced

Petersburg, 199178, Russia problems in thermal convection. Perm, 24-27 November,
2003. p.79-83.

NEW PHASE NUCLEATION AT THE INITIAL STAGE Arsen |. Gakasheyv, Vlasova 17 - 204, Perm, 614065, Russia

OF STRESS-INDUCED PHASE TRANSFORMATIONS
DAMAGE TENSOR BASED ON HOMOGENIZATION

ALEXANDER FREIDIN ELENA VILCHEVSKAYA
LEAH SHARIPOVA MIKHAIL ANTIMONOV B. GAMBIN A. GALKA S. TOKARZEWSKI
frei din@echani cs.ipne.ru ven@tcw n.com bganbi n@ ppt . gov. pl agal ka@cn. waw. pl
| eah@rechani cs.ipne.ru am ke@mil.ru st okar z@ ppt . gov. pl

We describe an initia] stage of stress-induced phase trar?sfor- The notion of damage tensor based on the theory of mathe-
mations due to the multiple appearance of new phase nuclei. We aical homogenization is defined. The theoretical considera-
derive the relationships for the determination of the shape, Origions are not restricted to periodic microstructure but numerical
entation and vo!ume concen.tratlon.of the |nteracteq nuclell. Weaiculations are performed only for special periodic geometry
show that even in a case of isotropic phases there is a variety @k microstructure. The theory of mathematical homogenization
behaviors. Depending on a deformation path and material pag ,sed in modeling different properties of composite materials,
rameters, the nuclei of different shapes may appear. We considgry - thermal, dielectric, magnetic conductivity, elastic stiffness,
multiple appearance of new phase ellipsoids, plane layers, angle,qelectric properties and others linear ones, cf. [1]. In the
cylinders. We construct resultant transformation surfaces in straifyse \when one phase is approximated by vacuum, then the ef-
space and average strain-stress diagrams on the path of the phas&ive homogenized properties exists (as the H-limit), but ex-
transformation. We study how the shape of the transformationens myltilayered structure only some bounds on the properties
surface and the type of the nuclei depend on material parameters, ;14 be calculated. The aim of the paper is twofold. Firstly,
We relate both local and average strains in two-phase structurgge yefinition of damage tensor T is given, cf. [2]. Secondly, the
with phase transition zones formed in strain space by all deforynerical calculations of the tensor T are the base of the anal-
mations WhIC.h can exist on the equilibrium interface in a body. ysis of macroscopic anisotropy induced by different geometries

This work is supported by the RFBR (Grant No. 04-01-0431)¢ horous structures. The work was supported by the Ministry of

and RAS Programs for Fundamental Research. _ Science and Information Society Technologies (Poland) through
Alexander B. Freidin, Elena N. Vilchevskaya, Leah L. Sharlpovathe Grant Nr 4 TO7A 053 28.

Mikhail A. Antimonov, Institute of Mechanical Engineering Prob-
lems of RAS, Bolshoy Pr. 61, V.O., St.Petersburg 199178, Russia
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The impact of natural convection on survival of bees in winter

repeatedly was discussed in magazines "Beekeepings”. Howevé&tanis Tokarzewski, Swietokrzyska 21, Warsaw, 00-049, Poland
concrete computation wasnt executed. The first computation of

natural convection showed that effects of convection are greatly

[1]. The natural convection, calling calorification of bees, leads to NUMERICAL ANALYSIS OF STRUCTURAL STRESSES

big area with static stratification of consistense of air. There were IN PARTICULATE ELASTOMERIC

realized enumeration of parameters and tested different models NANO-COMPOSITES

of natural convectl_on. C;ompu_tatlon_s of natural convection were O.C. GARISHIN S.N. LEBEDEV
executed for beehive with typical size. The sphere of bees was
approximated with ball with radius 10-14 cm. The heat excretes gar@cmmru gar@cnmru

with given consistense. Frames divide the area of beehive. The

small distance between frames helps to describe flow of inter- Particulate-filled elastomers (rubbers) refer to a class of com-
frames area with model of Hele-Show. We used such approaciposite materials consisting of a mix of a highly elastic polymeric
Area of bees naturally gives additional opposition to flow of air. matrix and rigid granular particles of the filler (technical carbon,
This effect was taken approximately by decreasing of distancsilicates, etc.) which size changes from hundreds micron up to
between frames. In this work flow in area of bees computes byens nanometers.

two models. The first model uses cell of Hele-Show. Second One of basic distinctions between conventional and nano-
model is model of porous environment. composites is the different role that play the layers of polymer
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with specific features (distinct from that of matrix material) exist-
ing around carbon filler particles. The assumptions known from
the literature [1] suggest that in such near surface zones it is
possible to differentiate two layers of the polymer with dissim-

THE DIFFERENTIAL MODEL DESCRIBING
ELASTIC-PLASTIC BEHAVIOUR OF MATERIALS AT
FINAL DEFORMATIONS

ilar mechanical properties. In the fir_st layer with _tht_a thickn_gss 0. C. GARISHIN A. L. SVISTKOV
about 2 nanometers (close to a particle) polymer is in condition _
close to a glassy state. The second layer (with thickness about gar@cmmru svistkov@cmmru

10 nanometers), containing long poorly cross-linked molecular
chains, and, accordingly, softer, than the basic part of a matrix.
In conventional composites the volume fraction of these layers The phenomenological model of the macro-isotropic medium
is very small, but in nano-systems it becomes comparable to théescribing its mechanical behavior at nonlinear elastic-plastic fi-
filler concentration, and its influence must be taken into accountnal deformations is constructed. To obtain the constitutive equa-

The main objective of this study is numerical computer in tions the differential approach based on interpretation of mechan-

vestigation of stress-strain state around filler nano-particles, sufc@l Pehavior of a material with the help of symbolical circuits is
rounded by softer layers of polymer to answer the questiorﬁ*sed- T_he principal advantages of such approach are_the phys-
of whether such system promotes leveling of stress gradient§@! clarity of each of the used mathematical expressions, the
over the whole composite volume and, as consequence, matEonvenience of constructing the mathematical model of contin-
rial strengthening. In modeling the stress-strain state in nangdum with various complicated behavior, the absence of objective
composite, it was considered that the matrix and layers represeflgrvatives of stress tensors in the constitutive equations. The ad-
highly elastic polymeric grids consisting of freely-jointed molec- ditive decomposition of the rate of deformation tensor in elastic
ular chains. That is, materials of the matrix and layers consist oft"d Plastic parts is taken instead of multiplicative decomposition
the same polymer, but differ in the mechanical properties due to 8f @ deformation gradient commonly used in the literature.

different cross-link density of polymeric grid. Viscous properties
of layers in the first approximation were neglected. One of the evident merits of the given technique is the ability to

Th iaxial axi tic stretchi f a chain of riaid id describe not only hardening of a material at plastic flow, but also
€ uniaxial axisymmetric stretching of a chain of rigid 1den- softening (that is a descending branch of a stress-strain curve).

ticql spheres I.O(.:e}ted.in a highly elastic polymeric matr‘ix Was EXyvathematical expressions used in the model can be essentially
amined. The |n|t|a_l distances between them were varied so, th?}onlinear, which is a necessary condition for constructing the
layers around particles could both intersect or not.

system of constitutive equations because the considered model is
The fields of stresses and their invariants have been investaimed at describing an appreciably complicated mechanical be-

gated during increase in external tensile loading, and the correvavior of composite materials. Such a behavior is caused by joint

sponding deformation curves of these invariants have been coinfluence of different structural factors that show themselves at

structed at specially chosen points in the gap (near to a pole of garious scale levels of internal material heterogeneity.

particle) and in area of sphere equator.

The investigations have revealed an interesting effect, possible The computational scheme of this model consists of two el-
only in essentially heterogeneous systems consisting of materiagnents: elastic and plastic. The properties of the elastic ele-
with well expressed nonlinear elastic properties. As the tensilénent are defined be the expression of free energy, which can
load increases the maximum of the greatest principle stress cdie received from the structural equilibrium models of nano-
transfer from a gap between particles to the area close to partickomposites or from comparison of the results of phenomenolog-
equators. For this purpose it is necessary, that the gap be sméggl modeling with experimental data. Description of the plas-
enough, layers should intersect, and the cross-link density of théc element properties provides for the possibility of taking into
layer material should be much less, than that of the matrix. Thigccount the features of continuum plastic flow in relation to the
is expected to facilitate leveling of distribution of elastic response@naximal deformation level during the total time elapsed from the
over the volume of a composite and, finally, increase of macrostart of the material loading. This should help to reflect a degree
strength of a composite material. of structural damage accumulation.

Work was executed at support of the Russian foundation of

basic research and Department of industry and science of Perm | N€ given approach was used for concrete applications for de-
region (Grants r2004urals 04-01-96058 and 04-01-96038). scription of mechanical properties of polymeric nano-composites
consisting of a mix of filler particles of laminated clay minerals

(smectites) and a polyolefine matrix. Nano-composites of this
type present new perspective technical materials combining such
valuable qualities, as the improved operational properties, the
REFERENCES ecological safety and the cheapness of manufacture. The received
results have shown adequacy and effectiveness of the proposed

[1] Fukahori Y. The mechanics and mechanism of the carborinodel that opens good perspectives for its further development.

black reinforcement of elastomers // Rub. Chem. Technol. ] ) ] )
2003. V.76. P.548-565. Work is executed at financial support of the Russian founda-

tion of basic researches (Grants 05-08-33361 and 06-03-32461).
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ON THE EXTENSION OF A BAR CAPABLE TO REFERENCES

UNDERGO PHASE TRANSITIONS [1] Geometrical and kinematics limitations of the function dis-

continuities on moving surfaces in curvilinear coordinate
systems / E.A. Gerasimenko, V.E. Ragozina // Far Eastern
serge@dni.ras.ru, shishkinak@mil.ru Mathematical Journal. — 2004. — Vol. 5, N 2. — P. 100—
110 (in Russian)

The problem concerning extension of a bar capable to ur'derggkaterina A. Gerasimenko, 5 Radio Str., Vladivostok, 690041
phase transitions due to an external force is investigated. The irﬁussia ' ' ' ’

finite bar with variable cross-section is considered. The problem
is solved by means of both kinetic and full dynamic approaches.

SERGEN. GAVRILOV EKATERINA V. SHISHKINA

The results obtained by means of these two approaches are com- EINITE ELEMENT INVESTIGATION OF

pared. UNREINFORCED WELDED TUBULAR JOINTS
The authors are grateful to RFBR (project 05-01-00785) and

Programs for basic research RAS for financial support. M. F. GHANAMEH D. THEVENET = A.ZEGHLOUL

Serge N. Gavrilov, V.O., Bolshoy pr. 61, St. Petersburg, 199178, ghanameh@ni v-netz. fr

Russia Davi d. Thevenet @nsi eta. fr

zeghl oul @ci ences. univ-nmetz.fr

Offshore structures consist of a large number of tubular mem-

APPROXIMATE SOLUTIONS OF BOUNDARY bers connected to one another by special joints. Tubular mem-
PROBLEMS INCLUDING SHOCK WAVES IN bers are jointed together at their intersections in a variety of geo-
NONLINEAR-ELASTIC MEDIUMS metrical forms. These joints represent structural discontinuities,
which incur a large amount of stress concentration. The stress

E. A. GERASIMENKO concentration can produce a maximum stress at the intersection

as high as thirty times the nominal stress acting in the members.
The combination of high stress concentration with dynamic loads
makes fatigue damage almost unavoidable.

In this report approximate analytical solutions of some one- In offshore tubular structures, a typical tubular joint may be
dimensional boundary problems including cylindrical and sphersubjected to three different types of basic loadings namely, axial
ical surfaces of displacement gradient discontinuities (shocKAX), in-plane bending (IPB) and out-of-plane bending (OPB)
waves). For these wave processes possible types and shock wavesugh its brace members. Each type will cause a different stress
velocities have been determined. distribution at the joint intersection of structures. Moreover, the
Actual load condition of a tubular joint can be any combination

to be influenced by both discontinuity intensity and type of pre-Of the above three basic load cases, for this reason, a combined
deformations. According to type the waves may be classified unl92ding case (Com) was investigated in this paper in addition to
der quasi-longitudinal wave and two quasi-transverse ones. Owese three basic load cases. This load is composed of an axial

each wave there are both longitudinal and transverse discontin{P2ding combined with a continuation of rotational bending load-
ity components, one of them predominating. It's convenient tong obtained while rotate center of the brace around a circle. In

describe such wave processes in curvilinear coordinate systelw.e paper, different types of planar joints with braces subjected to

It necessitates presenting geometrical and kinematics derivativé9MPined loading; were numerically analyzed to study the effect

discontinuities compatibility conditions, as well as recurrence ref those different cases of loading and different types of joints,

lations for discontinuities of arbitrary order derivatives in arbi- on the stress concentration zone and values.
trary curvilinear coordinate system. The theory of moving dis-Mohamad F. GHANAMEH, le du saulcy, Metz Cedex 01, 57045,

ekaterina_gerasi @mil.ru

The velocities of shock wave propagation have been show

continuity surfaces was based by Adamar, Tomas, G.I. Bykovtfrance
sev, however they confined to case of Cartesian coordinate sys-
tem. The recurrence relations obtained by us [1] are necessar
when forming approximate solutions of boundary problems by
ray method when the motion is initially studied in curvilinear
coordinate system. This report considers solutions of follow-
ing problems: normal blow on inside of cylindrical and spheri-
cal hole in space, antiplane and twisting deformation in incom- am nci vi | @ahoo. ca

pressible medium. The solution has form like Taylor’s series but

behind discontinuity surface. The series is developed with re- These days, numerical approach to research and design is
spect to either time or spatial coordinate, the latter being the diswidely employed and is firmly recognized as a powerful tool.
tance from discontinuity surface to given space point along the&Reissner, Hencky, Mindlin and Ambartsumyan have formulated
ray corresponding to this point. This method is usually used forseveral first orders, shear deformation theories for thick plates.
solving problems with weak waves, however in 80th last centuryThe method proposed by Reissner has become the standard to
A.A. Burenin proposed method modification which allows apply- which all other theories. In contrast to the Kirchhoff's thin plate
ing it for processes of shock deformation. theory, the transverse shear deformation effect of the plate is

yI'REFFTZ BOUNDARY METHOD FOR THICK PLATE
BENDING PROBLEMS

GHANNADI -ASL AMIN NOORZAD ASADOLLAH
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taken into account in the thick plate theory, so that the govern-
ing equation is a sixthorder boundary value problem and in this A GENERAL THEORY FOR THE VISCOPLASTICITY

case three boundary conditions are considered for each bounda&F DRY AND FLUID-SATURATED GRANULAR MEDIA

The aim of this paper is to present the Trefftz method for analyz- J. D. GODDARD

ing thick plate bending problems based on Reissner’s plate the-

ory. The Trefftz method can be classified into the category of the j goddar d@icsd. edu

boundarytype solution procedures. The problem can be solved

by the boundary discretization alone when the object is governed This paper revisits the "purely dissipative” model proposed
by and linear and homogeneous differential equation. Thereforeseveral years ago [1] as a general continuum model for the
input data generation is much easier than the domain-type soldpistory-dependent viscoplasticity of non-colloidal particle disper-
tion procedures. More over, the Trefftz formulation is regular andsions. Essential to the model is a positive-definite fourth-rank
thus, easier than the boundary element method of singular propiscosity tensom depending on the history of deformation. In
erty. In this paper, both the Trefftz direct and the Trefftz indirectthe reduced form considered hergis an isotropic function of a
methods are discussed and the results show that the present metistory-dependent 2nd-rank "texture” or "fabric” tenghrwhich

ods are effective for both thin and thick plates. gives stress as a tensor-valued function of fabric and strain-rate
Keywords: Trefftz Boundary Method, Reissner’s plate theory’tensors. This paper considers geveral speci.al cases appropriate
Trefftz direct and Trefftz indirect methods and thick plate to systems ranging from Stokesian suspensions to dry granular

media.

For Stokesian suspensions, a formula#@A) given by the
analogous theory of linear elasticity, together with a corotational
memory integral forA, provides a compelling model of tran-

Amin Ghannadi-Asl, Enghelab Street, Tehran, 11365-4563, Iran

PLANE LAYER INCLINATION INFLUENCE ON THE sient viscosity and normal stresss evolution in simple shear [5, 3].
INTERNAL HEAT SOURCES CONVECTION However, one extremely rapid mode of relaxation is required to
mimic the incomplete reversal of stress on abrupt reversal of

I. V. GNEVANOV shearing. This suggests that non-hydrodynamic effects are im-

plicated, and it establishes a kinship to liquid-saturated granular
media with sustained particle contact.
In the case of granular media, the isotropic version of the above
Fluids with internal heat sources appear in a large amount ofyodel reduces to the Reiner-Rivlin form proposed previously [2],

applications and are investigated for a long time [1, 2]. This workyhich encompasses a quasi-linear model proposed recently for
continues the examination of the fluid motion stability in inclined gense rapid granular flow [4].

plane layer with the heat source on the axis. The extreme cases sjnce isotropic models cannot represent the effect of flow-

of vertical and horizontal layers were examined earlier [3, 4] andnduced anisotropy on yield surfaces and viscometric normal

compared with the uniform heat sources case. Here the influencgresses, attention is given here to a more general forms, involv-

of the inclination angle was under examination. ing nonlinear dependence on both fabric and strain rate. Two
Stability maps for various parameter sets, instability parameimportant time scales are highlighted, a grain-inertia time scale

ters to angle dependencies were found. Overcritical modes nder dry granular media [2, 4], and a viscous-frictional time scale

merical research was conducted. that appears to be implicated in recent experiments on completely

saturated granular media.
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filled PTFE compounds exhibiting differences in formulation and
composition. To support this characterization, a novel linear tri-
bometer was developed, implemented and ap-plied. The friction

CHARACTERISATION OF THE TRIBOLOGICAL
PROPERTIES OF PTFE-BZ COMPOUNDS

I. GODOR Z. MAJOR A. LEITGEB S. VEZER and wear coefficients, the specimen surface temperature change
during the test have shown significant differences between the
i st van. godor @wu- | eoben. at materials investigated. Moreover, failure analysis investigations

maj or @ru- | eoben. at were performed and both the compound and the counterpart sur-

andr eas. | ei t geb@vu-1 eoben. at vezer @ccl . at faces were analyzed using various microscopy methods. Special

emphasis was devoted to the formation and development of trans-
Within this project the tribological behavior of PTFE as well fer film on the coun-terpart and on the structure of the worn debris

as of various PTFE-Bronze (PTFE-Bz) compounds was invesparticles. Finally, based on the results of the above investigations,
tigated. Based on the results on a component test system twonovel functional and fail-ure model was developed. The model
compounds were selected for further detailed investigations. Failwas successfully implemented in a thermo-mechanical finite el-
ure analysis of worn surfaces as well as analysis of material miement simulation. The results of the simulations performed re-
crostructure allowed establishing relationships between tribologvealed good agreement with both the theoretical considerations
ical behavior and microstructure (i.e., formation of transfer film,and the experiences from service field applications.
debris, etc.). For the determination of tribological relevant ma-stvan Godor, Franz Josef Strasse 18, Leoben, 8700, Austria
terial properties, a novel linear tribometer was developed and
implemented. To perform a comprehensive investigation on the
wear behavior of the materials, a multitude of specimens was
tested and analyzed. A novel model for the description of the fail-
ure behavior was developed. The overall objective of this study
was to develop a fundamental understanding of the microstruc- L. A. GOLOTINA
ture and tribological behaviour of heterogeneous polymeric ma-
terials used as pressurized seals by applying tribological as well
as thermo-physical analysis methods for both material develop- ) o ]
ment and component design efforts. The investigation is concerned with elastomer-base compos-
Istvan Godor, Franz Josef Strasse 18, Leoben, 8700, Austria ite materials of granular type with filler particles of size greater

than 10 micron. Numerical simulation of viscoelstic properties of

the composite was carried out using a structural cell in the form

NUMERICAL PREDICTION OF EFFECTIVE
VISCOELASTIC PROPERTIES OF GRANULAR
COMPOSITES

L. L. KOZHEVNIKOVA

DEVELOPMENT OF A TRIBOLOGICAL EUNCTIONAL of elastomer cylinder filled at the center with rigid spherical in-
AND FAILURE MODEL FOR PTEE-BZ COMPOUNDS clusions. The height and diameter of the cylinder were equal in
magnitude.
|. GODOR Z. MAJOR W. EICHLSEDER Viscoelastic properties of the matrix were described based on
A. LEITGEB S. GRUN the creep test data. The solution of the boundary value prob-

lems of the linear viscoelasticity was constructed by applying
the method of variable parameters of elasticity. The applicabil-
ity of this particular method to the problem under consideration
was dictated by a weak heredity of the matrix. Deformation of
the cells was examined at such boundary conditions that ensured
Due to their high chemical and thermal resistance PTFE CoMpreservation of their close packing.

pounds are frequently used for seals and gaskets in various en- nyestigation of the mechanical evolution of the structural cells
gineering applications. The thermo-mechanical properties of thghowed that it is related to initiation and development of micro-
PTFE (low strength and wear resistance, not sufficient heat col4amage involving nucleation and growth of a vacuole. The relax-
ductivity) for tribological applications can be improved by var- ation functions for the composite were derived. The performed
ious fillers. However, significant differences in the service life- cajculation allowed us to describe qualitatively the mechanisms
time and in the tribological behavior of these compounds wergeyealed in experiments.

observed. Hence, the objective of this paper was to perform a aAcknowledgments This work was supported by the RFBR
comprehensive characterization of the tribological behaviour ofyrant 04-01-96038 of the regional contest "Urals”.

dif-ferent PTFE-Bronze compounds (PTFE-Bz) and to establish yydmila A. Golotina, 1, Ak. Korolev str., Perm, 614013, Russia
a model for further simu-lation. In the first phase of this project

several PTFE-Bz compounds were investigated on component

level (seal) using an ASTM-standardized seal component test sysAUTOMATlON OF THE ANALYSIS OF PROBLEMS OF
tem. The results of the component tests and the results of thtHE MECHANICS OF ELASTOMERS WITH THE HELP

additional thermo-mechanical material characterization on spec-OF THE SOFTWARE -COMPUTER COMPLEX MIRELA

imen level (i.e., monotonic and cyclic compression tests from 20
to 200C, nano-indentation, and analysis of the micro-structure)
revealed similar tendencies. Hence, based on these results several
new materials were produced and provided for detailed investiga- serega@su. zp. ua

tions by the company partner. In the second phase, in addition to

the methods mentioned above, laboratory friction and wear tests One of major problems arising at designing of complex en-
were performed using different test set-ups on various bronzgineering designs and structures, is the analysis them strength-
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ening characteristics. Therefore is necessary to build stressd&arhova Victorya, Street adrees: 66, Zhukovski, Zaporizhzhya,
formed states of engineering objects. Without reliable and ef69063, Ukraine
fective automation of the decision of such problems the devel-
opment of modern mechanical engineering and constructions is
impossible. Now for automation of various aspects of numerical
account of problems of the mechanics the plenty various univer-
sal CAD in mechanical engineering and construction, such, for
example is developed, as LIRA [1], ANSYS [2], COSMOS [3]
etc. However, at accounts of complex designs from elastomers,
at use of universal systems can arise a number of essential com- A VARIANT OF MORTAR FINITE ELEMENT FOR
puting problems [4]. For their overcoming the universal software- THREE-DIMENSIONAL CONTACT PROBLEM
computer complex + was developed [5]. The software architec-
ture architecture MIRELA +, as well as logic structure of the ma-
jority others modern CAD, basing on application FEM, consists
of three interconnected subsystems: of front-end processor, of gorohovm@rai | . ru
processor and of postprocessor front-end processor of MIRELA strength@r. hop. stu. neva. ru
+ allows to automate a stage of preparation of the initial data,
which consists in the description of topological model projected
a construction of elastomer and discretization it on the given type - At present there are widely used algorithms for the finite el-
of final elements. In system MIRELA + for the task of topol- ement solution of contact problem. These algorithms are based
ogy entrance parametrical language FORTU-3 is used [6]. Thgp penalty method and Lagrange multipliers method. There are
processor MIRELA + its body. Structure of the processor in-yarious variants of these approaches for the kinematically linear
cludes the problem-oriented program modules for the decision 04nd non-linear cases. For these algorithms there is no substan-
linear and nonlinear problems of the theory of elasticity and vis+ja| meaning of the material constitutive equations. Practically
cous elasticity, problems of the mechanics of destruction, thery|| implementations of algorithms works with assumed contact
mal conductivity, dynamics, mechanics of composites etc. Posiyrfaces, which represents the parts of boundaries of finite el-
processor MIRELA + allows to automate process of the analysigment mesh. As a rule these boundaries are non-smoothness
of the received results of account and generation of the necegmere is no tangential continuity on the bounds of adjacent fi-
sary outgoing documentation on developed technical object. Thite elements). This circumstance generates many computational
important distinctive feature of system MIRELA + is its open proplems, main of which are essential decreasing convergence
architecture, that allows if necessary how to add modules of acrate or appearing divergence of Newton-Raphson solution pro-
count of new classes of problems, and to modify already existingeedure. Especially this concerns a case of contact with large
Such approach allows essentially to raise a general efficiency angjative slip displacements. The solution of these problems is
mobility CAD MIRELA +. The system MIRELA + has passed one of the central themes in modern computational contact me-
successful approbation at the decision of a plenty practically 0fnanics and it is a complex unsolved up to the end problem. In
important problems of the mechanics of elastomers. the literature it is possible to observe two main approaches to
the solution of the present problem. The first approach is con-
nected to construction of smooth contact surfaces. The second
REFERENCES approach is connected with development of special mortar con-
tact element. For the three-dimensional case the development of
[1] A.S.Gorodetsky, V. S. Shmukler, A. V. Bondarev. Informa- the first approach comes across the many essential barriers both in
tional technology of calculation and designing of building the mathematical and algorithmic aspects. Therefore recently at-
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[2] K. A. Basov. ANSYS in examples and tasks. / Under thesimple variant of the mortar contact element being logical gener-

editorship of G. Kraskovsky. M.: ComputerPress 2002 alization of classic contact element in the master-slave approach
24 p. ' is proposed for the three-dimensional case. Main advantage of

the proposed element is the accounting of the non-uniformity of
[3] User reference manual for COSMOS/M BASIC SYS. Los the contact stresses distribution within the domain of one contact
Angeles: Structural ResearéhAnalysis Corp., 1989. 694 element that is reached by correct application of the numerical
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p. integration procedure on Gaussian points. With usage of the reg-
[4] V. V. Kirichesky. Method of final elements in the mechan- ularization of contact constraints by penalty function method the
ics. K.: Nauk. Dumka, 2002. 655 p. stiffness matrixes and nodal forces vectors for the geometrically

and physically non-linear cases are constructed. On the basis of

[5] V. V. Kirichesky, B. M. Dohnyak, U. G. Kozub, S. I. the proposed mathematical formulation the algorithms and soft-
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final elements in the computer complex MIRELA+. K.: re|ative slip are developed. For the lot of numerical tests the ad-
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very large structures.
Charles Wang, King's College, Aberdeen, AB24 3UE, Great
Britain

FRICTION IN ROLLING CONTACT OF DEFORMABLE
BODIES

IRINA G. GORYACHEVA

MODELING OF FEATURES IS STRESSDEFORMED

goryache@pmmet.ru
STATES OF DESIGNS FROM COMPOSITE MATERIALS

The main sources of energy dissipation in rolling are friction
due to the relative slip of surfaces within the contact region aris-
ing from the differences of the curvature of the contacting bodies,
and their different mechanical properties; imperfect elasticity of res82@mil . ru
contacting bodies; adhesion of contacting surfaces.

The contact problems for elastic and viscoelastic bodies are The tendencies of development of modern science both engi-
considered to study the friction resistance in rolling and to anal€€ring require creation and development of effective methods
lyze the contribution of each process to rolling friction for differ- @nd strengthening receptions of accounts of designs. In a basis
ent operating conditions. anyone strengthening account the_necessity of definition is stress-

To analyze the simultaneous effect of partial sliding in contactdéformed statuses of a design or its components lays. As a rule,
zone and imperfect elasticity affecting the resistance to rolling thdéh€ majority of designs has the complex geometrical form and
2-D contact problems for viscoelastic (elastic) cylinder and vis-While in service is in conditions to a complex is stressdeformed
coelastic (elastic) half space are investigated under the assumptatus. These factors interfere with use of analytical methods at
tion that the contact region consists of two parts (slip and stickkccounts. Therefore wide circulation was received by numerical
subregions) or three parts (stick subregion surrounded by twinethods, which appl!catlon does not restrain by features queom-
slip subregions). The dependence of the normal and tangentiﬁfry and complexity is stressdeformed statuses of a design. The
contact stress distribution and the friction coefficient on veloc-€ffective utilization of numerical methods is impossible without
ity, loading conditions, and viscoelastic properties of contactingN®dern computer engineering. Therefore, recently, the creation
bodies is investigated. of program complexes for account of designs is carried out on the

The approach is developed to calculate the adhesive comp®2aSis of various numerical methods. Among such methods have
nent of friction force in rolling contact of elastic bodies with '€ceived distribution the following: variationally - differential,
rough surfaces. It is based on calculation of the energy dissicertainlydifferential, method of boundary elements, method of fi-
pation in an approach-separation cycle for the interaction of aﬁ‘al elements. The additional difficulties at accou.nt of a ple&gn_
asperity with the elastic foundation in the presence of capillary o€ cOnnected to features of structure of a material and its vari-
molecular adhesion. The dependence of the rolling resistance d#'S imperfections. So, anisotropic property of a material result
the surface energy of the interacting bodies, their elastic propef? Significant complication of mathematical model. The presence

ties and microgeometry of the surfaces is established. of imperfections as pore, cracks, cuts(sections) requires updating

The research was carried out under the financial support of th@odel and introduction in it of features connected to these imper-

Russian Foundation for Basic Research (grant No 04-01-00766 ctions. The program complex MIRELA+ allows on the basis

and of the President’s Program for the Leading Scientific School fa method O_f final e'em?”‘s to _expect de_signs from composite
(grant No -1245.2006.1) materials, which have anisotropic properties [1, 3]. At model-

Irina G. Goryacheva, Institute for Problems in Mechanics, Rus-ing. the_compos_,ite Is represented homogeneous_anisotrop_ic ma-
. . \Harlal with elastic constant, dependent from elastic properties of
119526 Russia components and from their volumetric share [4]. Then, the de-
' pendence between pressure and deformations will be described
by the generalized law of Gook. The large enough classes of

S. N. GREBENYUK VAL. V. KIRICHEVSKY
E. L. MIZERNAYA

COSSERAT MODELLING OF FLEXIBLE RING materials have linear properties only at small deformations. For
STRUCTURES the description is stressdeformed states of such materials use the
nonlinear laws. So, for description viscoelastic properties is con-
TiM GOULD CHARLES WANG DAVID COMBES venient to use hereditary theory of Boltzmann\olterra [2]. To

materials with brightly expressed viscoelastic properties concern
elastomers. And to composite materials, where the account vis-

coelastic of properties is necessary, concern rubber-cord materi-
A new technique is developed for the modelling of anisotropic,is. The presence of a crack in a design from a composite ma-
flexible ring structures. The resulting equations are presented atigyiq| results in necessity of modeling of its feature about top of
number of different levels of complexity, ranging from full sets of tjs crack. It can be made by two ways: by a condensation of a
coupled ODEs to simplified equations under specific conditionsgyiq of final elements or use of singular final elements.
This technique is found to agree well with selected anisotropies o?

particular relevance to MEMS ring gyroscopes where the phys-

ical behaviour is known or easy to predict. One important re-REFERENCES

sult shown is that the effect of overetching will be negligible and

easily accounted for in most devices due to its symmetry. Over- [1] S. N. Grebenyuk, V. V. Kirichevsky, V. A. Tolok. Definition
all, the versatility of this technique should enable application to a of stressdeformation state of composite material in condi-
wide number of problems ranging from very small ring structures tions of viscoelastic deformation. Works of Xl symposium
such as those involved in MEMS devices or molecules through to Problems of tyre and rubber-cord composites Publishing

c. wang@bdn. ac. uk
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[2] V. V. Kirichesky. Method of final elements in the mechan- ¢&n be performed. Subsequently, an operating-model of the tribo-
ics. K.: Nauk. Dumka, 2002. 655 p. material can be deduced. In this article, this damage-based anal-

ysis technique and a simulation model for a basic tribomaterial
design are presented.

Florian Griin, Christian Doppler-Laboratory for Fatigue Analy-
sis, University of Leoben, Franz-Josef-Strabe 18, 8700 Leoben,
Austria

[3] S. N. Grebenyuk, V. V. Kirichevsky. Calculation of poly-
layer composite plate in condition of viscoelastic deforma-
tion // Bulletin of East Ukraine national university. 2002.
No 3(49). p. 95-100.

[4] V. V. Kirichevsky, B. M. Dohnyak. A. D. Karpushin.
The stiffness matrix of spatial finite element for research
construction from composite materials // Bulletin of East THE RELATIVISTICALLY-INVARIANT FORM OF
Ukraine national university. 1999. No 3(18). p. 109-116. BOUNDARY CONDITIONS IN ELECTRODYNAMICS OF

[5] Composite materials. Reference book // Under the editor- THE MOVING CONTINUUM

ship of D. M. Karpinos. K. Nauk. Dumka, 1985. 592 p. SERGEYV. GUSEV

Mizernaya Elena, Street adrees: 66, Zhukovski, Zaporizhzhya,

69063, Ukraine gusev@ul er.ipne.ru

Itis known, that the Maxwell’s theory of electromagnetic field
TRIBOLOGICAL STUDIES ON SLIDING BEARINGS ON essentially relativistic theory. It means, that the Maxwell’'s equa-

THE BASIS OF DAMAGE ANALYSIS tions of electrodynamics of material continuum invariance un-

. 3 3 der Lorentz’s transformations group or relativistically-invariance.

FLORIAN GRUN, ISTVAN GODOR, WILFRIED EICHLSEDER Mathematical expression of this invariance is four-dimensional
f1orian. gruen@u- | eoben. at tensor form of record of Maxwell's equations, for the first time

obtained by Minkowski. Record the material equations for
Hydrodynamic sliding bearings are typical tribologically the linear electromagnetic continuum in four-dimensional tensor

loaded components. They turn comparatively high dry frictionform also are obtained by him.

into fluid friction in order to guarantee high efficiency and to en-  On an interface of various media or on a surface of medium
sure the operational safety of machines. Although these machird vacuum there are certain ratios. These ratios connect the
elements have been used for hundreds of years, their exact failuf@Pes of electromagnetic field, of induction field and density of
mechanism remain still unclear. For selective material designcharge and current. These ratios follow from Maxwell's equa-
however, these damage mechanism are of special interest. THENS. For the moving continuum they for the first time have been
tribological system of hydrodynamic sliding bearing consists outobtained by Einstein and Laub in the three-dimensional vector
of the sliding bearing, the rotating shaft and the Iubricant film.form.

The different desired material properties of bearing-material can- For full statement of a problem of definition of electromag-
not be fulfilled by a homogeneous material. Subsequently, mabetic field in the moving continuum in invariant four-dimensional
terials for sliding bearings normally consist of multi-phase com-tensor form, it is necessary to have and corresponding record of
poundsy which allow a Sp"t up of the different requirements Onboundary conditions. In the I’epOI’t the conclusion of the form of
each specific material. To design new materials, the damage préecord of boundary conditions for fields and currents in invariant
cess of sliding bearings has to be investigated. In this paper it ignsor form is stated.

shown that the damage mechanism of sliding bearings can oni§ergey V. Gusev, Bolshoy pr. V.O. 61, St. Petersburg, 199178,
be hardly accessed by component testing. In normal operatiofRussia

the sliding surfaces of the shaft and the bearing are separated
by a thin lubricant film. If this lubricant film fails, the coeffi-
cient of friction rises significantly. Subsequently, the tribosystem
sliding bearing fails due to a thermo-mechanical overload. This
failure process is called scuffing. Because of the high energy in-
put the failure process happens within a flash of a second. The
bearing cannot be meaningfully investigated by damage analyp_ S GUSEV
sis techniques and the failure process cannot be accessed by this
"post-mortem” analysis. Alternatively, tribological model tests

can be used. These test models have to be designed carefully to gut ki n@lef . i pre. ru shei n@lef . i prre. ru

lead to test results, that are analogue to component tests. Pos-

sible criteria to determine the quality of analogous models are The fabrication of many advanced materials is accompanied
the damage mechanisms, which must be identical to the danby the appearance of free cylindrical surfaces. The examples
age mechanisms of components. In this paper a tribological tesif such materials are nanowires, hollow carbon and non-carbon
model based on the standard ASTM D 3702 (ring-on-disc) is prenanotubes, and porous crystals containing nanoscale cylindrical
sented. Compared with sliding bearings, the observed tribologivoids, referred to as nanopipes. All these materials often contain
cal damages are mostly the same. The advantage of this adaptectew dislocations, whose formation and dynamics are strongly
test model ring-on-disc is, that, due to the lower energy input duraffected by their interaction with free cylindrical surfaces. Be-
ing scuffing, the failure process of the tribosystem runs in "slowsides individual screw dislocations, crystals with pipes frequently

BOUNDARY-VALUE PROBLEMS OF LINEAR
ELASTICITY FOR SCREW DISLOCATIONS NEAR
CYLINDRICAL SURFACES OF NANOVOIDS AND

NANOTUBES

M. Yu. GUTKIN A. G. SHEINERMAN
M. A. SMIRNOV
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contain elongated inclusions of second phase, whose elastic prop-
erties may be modeled through continuous distributions of virtual
screw dislocations. In particular, an analysis of the interaction of
dislocated nanopipes near second-phase inclusions and flat crys-
tal surfaces may be reduced to the analysis of their interaction
with free surfaces of two cylindrical nanovoids. shamanda@ahoo. com

DILATOMETRIC STUDY OF GRAPHITE PRESSED
ALONG THE DIRECTION OF STRONG BINDING

SMAIL HAMAMDA

To investigate the elastic interaction of screw dislocations with  This work is a dilatometric study of thermallydilated graphite,
free surfaces of hollow nanotubes and multiple nanovoids, wdereafter referred to as graphite foam. The sample was pressed
have rigorously solved two boundary-value problems. The firs@long the direction of strong binding. The results of this study
problem concerns the stress field of a screw dislocation lying irshow that the thermal expansion coefficient measured, along
the wall of a hollow cylindrical nanotube. The second one dealghe directionO. of weak binding, over the temperature range 25-
with the stress field of a screw dislocation located near two cylin500C, is significantly different from the coefficients. and «,
drical voids in an infinite elastic solid. Despite the cylindrical measured in the basal plane, along directiGhsand O,, re-
shape of the voids, both the problems are characterized by trgpectively.c.. values are positive throughout the whole tempera-
absence of cylindrical symmetry. However, their solutions mayture range studied. At5C, . is 20 x 10~ °C~" and reaches a
be obtained using the technique of infinite arrays of image dislomaximum of the order of 10 — 120 x 10~°C~* at230C, then
cations. decreases slightly down tt)0 x 10-C~*. This peak can be

directly linked to a strongly amplified membrane effeat, and

In this approach, the exact solution for the stress field of a dis¢y Vary monotonically over the temperature rargje— 500C.
location in a solid with two cylindrical surfaces is found using They coincide closely up t400C, their values being comprised
the following iteration process. As a first approximation for the between—10 x 107°C~" and -8 x 107°C~". Starting from
dislocation stress field, one chooses the stress field of such a dié00C, a,, increases slightly to reach5 x 10-°C~" at 500C.
location in an infinite medium. This dislocation creates a traction/Vhile there is no anisotropy undef0C, the values measured
at both the cylindrical surfaces. At the second step, the tractiofPr @ anday, are significantly lower than those reported in the
at one cylindrical surface is eliminated through the introductionliterature. Pressing is only responsible fro the change in value
of two image dislocations of opposite sign into a void. The totalof the expansion coefficient, which is not the case when sample
stress field after the second step is given by the sum of the infinitdS Pressed along directio@.. However, there is a very marked
medium stress fields of the real and two image dislocations. A@nisotropy between the expansion coefficient measured along
the third step, one eliminates the traction created by the real an@d those measured alogy. andO,. Moreover, the values of
two image dislocations at another cylindrical surface through the= for graphite foam are several times greater than those of ordi-
introduction of other two image dislocations in the same void (forhary graphite.
the case of a hollow nanotube) or in the other void (in the cas@mail Hamamda, Dpartement de Physique, Universit Mentouri,
of a medium with two cylindrical voids). Then, at every sub- Algiers, 25000, Algeria
sequent step, two new image dislocations are introduced inside
a void. These image dislocations are located so that their stress
fields would eliminate the traction created by the previous dislo- TWO-PHASE FAST GRANULAR FLOW: SOME ISSUES

cations at one of the cylindrical surfaces. The total stress field AND PROBLEMS

after any step follows as the sum of the infinite-medium stress

fields of all the dislocations introduced at this and previous steps. DAVID HARRIS

With an increase in the number of iterations, the approximate so- davi d. harri s@manchest er . ac. uk

lution approaches the exact one. Thus, the exact stress field of
a screw dislocation near two free cylindrical surfaces consists of Tne flow and deformation of granular materials in the terres-
the infinite-medium stress fields of the dislocation, introduced a5 environment is inseparable from that of the ambient fluid
the first step, and those of the infinite array of the image disloca(\,\,ater or air) in which the material finds itself. If the material
tion dipoles introduced at the subsequent steps. is confined or if gravity provides the dominant loading then the
granular material is densely packed, behaving in a solid-like way
As a limiting case of the solution for the stress field of a (the so-called slow flow regime) with the fluid flowing through
screw dislocation in an infinite medium containing two cylindri- the interstices relative to the solid skeleton. On the other hand,
cal voids, we have derived the stress field of a screw dislocatioff the material is unconfined and the fluid flow sufficiently strong
in a half-space containing a cylindrical void. The solutions ob-the material becomes fluidised and dispersed in the fluid (the so-
tained may be used for an analysis of the formation and dynamicgajled fast flow regime). The granular material may be modelled
of cylindrical voids in crystals as well as for a study of dislocation i, various ways, e.g. discretely, as a continuum or using statisti-
nucleation and behavior in hollow nanotubes. cal mechanics. Continuum models of the granular material in the
slow flow-regime often assume an elastic-plastic or hypo-plastic
This research is supported by the Russian Fund of Basic Reesponse, while in the fast flow regime a fluid response is pos-
search (grant 04-01-00211) and Russian Science Support Foutidated. A commonly used constitutive framework for fast flow
dation. is a two-fluid model comprising a system of first order partial
differential equations in which the solid and fluid volume frac-
Alexander G. Sheinerman, Bolshoj 61, Vasil. Ostrov, St. Petergtions plays a prominent role. Two seemingly ubiquitous issues
burg, 199178, Russia in granular flow are (a) the conditions required for hyperbolicity
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and its loss (and, through this, the issue of well- or ill-posedness
of initial value problems); (b) the appearance in the governing
equations of some terms in conservation form and some not in
conservation form. These issues have a profound significance for
the numerical approximation of solutions of the equations gov-
erning the model, particularly in view of the fact that the equa-
tions are sufficiently complicated to prevent easy construction of
analytic solutions - for all but the most trivial problems recourse  The system of our interest is a chaotic open cavity where the
must be had to numerical methods of solution. The complexity ofmotion of coherent free electrons is ballistic with specular reflec-
the behaviour of granular materials and their inadequate, to datéions from the Dirichlet boundaries. In such a system, classical
mathematical modelling entails an interactive approach betweeflynamics shows rich fine structures in transport coefficients re-
the modelling and numerical solution. In this lecture we discusdlecting chaotic scattering in the cavity. On the other hand, quan-
various modelling and numerical issues that have arisen recentfym dynamics shows ample fluctuations in transport coefficients
in a research project on the numerical solution of the equations i@ @ result of overlapping resonances. Our numerical investiga-
both the fast and slow flow regimes. tion by solving genuine wave equations with increasing energy of

scattering electrons demonstrates quantum-classical transition for
David Harris, Sackville Street, Manchester, M60 1QD, United electric transport through such chaotic open cavities. This gives a
Kingdom first numerical proof of the correspondence principle in quantum

scattering problems in the chaotic open systems.

Hiromu Ishio, Cantoblanco, Madrid, 28049, Spain

TRANSITION FROM QUANTUM TO CLASSICAL
TRANSPORT THROUGH CHAOTIC OPEN CAVITIES

HIROMU ISHIO

A SIGHT AT MULTILEVEL MODELS FOR THE

NONLINEAR ELECTROCONVECTIVE REGIMES OF DESIGN OF COMPOSITE LAMINATE STRUCTURES

POORLY CONDUCTING LIQUID IN A HORIZONTAL

CAPACITOR IVANOV S. G.
V.A.IL'IN i v@knk. pstu.ac.ru
ilinl@su.ru

Various multilevel models for composite laminate structure
analysis are developed for a long time by many researchers.

The nonlinear electroconvective supercritical regimes ofComposite structures are considered on several scale levels:
poorly conducting liquid are investigated in the electric field of macrolevel and structural levels unidirectional layer (mesolevel);
the horizontal capacitor. The electrohydrodynamic approximafibers and matrix (microlevel).
tion is used. It is supposed that electroconductive mechanism of Can the methods and results of structural composite mechan-
charge formation plays significant role. The charge arising in dcs be used now in engineering design practice? Can one predict
liquid interacts with an external electric field therefore the liquid deformation and failure of composite laminate structures using
can come into the movement. the properties of unidirectional layers or the properties of fibers

and matrices, forming the unidirectional layer? The unique for

The nonlinear evolution of convective system is analyzed withcomposites community project known as the 'World Wide Failure
help of low mode models and method of finite differences. LowExercise (WWFE) or as the Failure Olimpics has been devoted to
mode models are obtained by the Galerkin-Kantorovich methoduch questions. The objective of the project was to establish the
for the stress-free and hard boundary conditions. The time evaeapabilities of modern theories. The papers of organizers and par-
lution of the solutions is investigated with help of Fourier analy- ticipants of the project published in 1998, 2002, 2004 constituted
sis. The direct numerical integration of the amplitude equationshe backbone of the book [1].
demonstrates complex dynamic behavior, including monotonic The participants of the project were suggested to plot failure
and oscillatory regimes. The dependence of the Nusselt numbeivelopes for unidirectional layers and glass- and carbon- fiber
on magnitude of supercriticality is obtained. It is determined thateinforced composite laminates of various structure as well as
transition to chaotic oscillations occurred via subharmonic casstress strain curves for some cases of uniaxial and biaxial load-
cade. Map of electroconvective regimes are constructed. ing. At the first stage, were not provided with any experimental

- . o . esults. At the second stage the participants compared the ob-
On the base of method of finite differences it is determlned{ g P P P

that lectric field th toni . ti ained theoretical results with experimental data provided by the
at an €lectric ield suppress the monotonic convection a In(')rganizers. The majority of these test results were obtained from

termediate value field, and at too large electric field (numberexperiments on tubes subjected to internal or external pressure

R_zylellg_h)fare (;)0(;!’1 h“g'(:ly eLectrocon\;ectyﬁ o_scﬂlathns of "_qr; combined with axial tension or compression or torsion. The high-
g!ﬁ' ¢ |ts outp f that Iogrth t)(pes of ?SC' ating regimes With oot ranked theories were able to predict the experimental results
fierent spatio-temporal behaviors exist. to an accuracy of better than 50

This research was supported by the Russian Foundation for SOme aspects that have a significant influence on the predic-
Basic Researches (Grant No 05-01-00789) and by Civilian Relions are whether the theory assumes linear or non-linear mate-

search Development Foundation (Award No PE-009-0). rial behaviour and whether or to what extent the effects of ther-
mal stresses and fibre realignment due to shear deformation are
Vladimir A. II'in, Bukirev str., 15, Perm, 614990, Russia included. The most important is the way in which laminate be-
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haviour is treated after initial failure has taken place. A.A. Ivanova and A.F. Kuzaev, Perm State Pedagogical Univer-
It seems to be very useful to begin to study the experience otsity, 24, Sibirskaya, Perm, 614990, Russia

tained in WWFE and to correct the directions of further research\/G Kozlov, Institute of continuous media mechanics Ural branch
in composite micromechanics. The methodology of the WWFE _; i

. . . - of RAS, 1, Ac. Korolev, Perm, 614013, Russia
project can be used for estimation of capabilities of those theo-
ries, that were not presented in the project. Aidar F. Kuzaev, Sibirskaia, Perm, 614600, Russia

Note that the majority of the project participants took the prop-
erties of laminate layers as the basic building blocks, but only
a few started from constituent matrix and fiber properties and
used micromechanics to predict the layer properties, and then the
properties of composite laminates. One can analyze if the meth- NUMERICAL MODELING OF FLOWS DURING
ods of statistical description and modeling of structure and prop-DE-'-ACHED BRIDGMAN CRYSTAL GROWTH UNDER
erties of the unidirectional composites could be useful for engi- AXIAL VIBRATIONS
neers now. What additional information about structure is needed
for calculations and what it can give for engineering prediction of
composite structure failure?

ANDREY O. IVANTSOV DMITRY V. LYuBIMOV
TATYANA P. LYUBIMOVA

i vant s2@su. ru | yubi mov@su. ru
| yubi novat @mi |l . ru
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BEHAVIOUR OF SOLIDS IN THE CAVITY FILLED

WITH LIQUID AND SUBJECT TO TRANSLATIONAL The influence of the vibrations is described using time-average

VIBRATIONS TILTED TO THE HORIZON approach. All hydrodynamic fields are decomposed into the
quickly oscillating (pulsating) and slowly varying (average) com-

A. A. | VANOVA V. G. KozLov A. F. KUZAEV ponents. Pulsating flow can be described as potential (inviscid)

all over the melt volume except for the viscous boundary layers
near the ampoule wall. To account for the detachment influence,

) ) ) ) ] . we implement a simple model based on the assumption that in

The lift force of vibrational nature acting the solid body which yhe apsence of vibrations the meniscus is flat and horizontal. Av-
makes oscillations in a viscous liquid near to solid border is €Xyaqe deformations of the meniscus and upper free surface are
perimentally studied. The body oscillations occur under the aCheglected.
tion of inertial forces; the cavity filled with liquid (the straight
closed channel) makes longitudinal translational vibrations un- Pulsating flow is calculated using collocation method. Aver-
der some angle to the horizon. The behavior of spherical an@ge fields are obtained numerically by finite-difference method.
cylindrical bodies different in density from the liquid is consid- Several mechanisms of average flow generation are taken into ac-
ered. It is revealed that in case of inclined axis of vibrations thecount: thermal vibrational convection, thermocapillary convec-
lift force acting the body contains a tangential component. Thdion, Schlichting generation and generation of average vorticity

heavy body at some critical vibrations intensity moves upwardgear free surface.

l:’:.lflo?g the channel. I(tj IS st?owlr(ll thatfthe tangentla::l go&nponglr;t F The influence of vibration frequency and amplitude on average
'_t orcehls ;:onnecte tod reaxing o s?/mmert]ry 0 I'doby SSC' a;]ﬂows intensity and structure and meniscus shape is studied. The
tions. The last occur under some angle to the solid border. The, oo hance frequencies of the free surface oscillations are calcu-

lift force is formed as a result of viscous interaction of the bOdyIated The contribution of different mechanisms of average flow
with the border. In case of longitudinal oscillations of the bOdygeneration is clarified.

near to the border [1] the lift force has only normal component;
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lytical approach. The true stresses in the vicinity of the defect
were calculated by Neubers rule with dynamic stresses as input.
Local strain around defect was calculated through the formulae
given by Martin et al. Crack initiation life was predicted by solv-
ing strain life equation. Finally, the turbine disc with blades is
aspara0@itmac.in modeled and effect of twisting angle, tapered angle, the interfa-
cial frictional forces between disc and blade and clearance in the
Open Isogrids are used in launch vehicle payload fairingsfir tree region are considered for prediction of the crack initiation
interstage rings, and engine ducting and space station moduléife of the turbine blade.
in Aerospace Englneerlng. 'The_ ‘?'35'9“ of Isogr!ds using adf Flow chart for prediction of crack initiation life of turbine
vanced composite materials is gaining momentum in space appli;j e
cations since the space structures are stiffness driven with strin-
gent weight limits. Advanced composites materials are particSharadchandra Jog, Powai, MUMBAI, 400 076, India
ularly suited for Isogrids as the typical stresses in the ribs are
highly directional along the longitudinal axis of members. The
main objective of this study is to develop a finite element model
of vented interstage open Isogrid structure and to study the be- ON THE STABILITY LOSS OF COMPRESSIBLE

FINITE ELEMENT ANALYSIS OF OPEN ISOGRID
STRUCTURES

JAYANTHI G. ALAGUSUNDARAMOORTHY P.

haviour upto failure. Two types of materials like the conventional BODIES AT STRETCHING STRESSES
aluminum alloy and carbon/epoxy composite were considered in

the analysis. An open Isogrid model was developed using the FE M. KARYAKIN

software ANSYS and static stress analysis was performed for the kar yaki n@mt h. rsu. ru

given design loads. The analysis was done for both aluminum al-

loy and carbon/epoxy material Isogrids and the structural safety ) )

requirements were checked. Characterization of carbon/epoxy BY means of analysis of the extreme points at the plot of de-
composite was carried out in the laboratory and that were useBendence of the load applied upon the resulting strain the appear-
as input in FE analysis. The collapse load of the interstage stru@nce Qf stablllt_y loss at stre_tchlng s_tresses is mves_,tlgated for com-
ture was also predicted using the stress analysis. Based on tREESSible nonlinearly elastic materials. Comparatively the case of
factor of safety requirements, the optimization of grid elementdncompressible materials the main obstacle at this way is the ne-
was carried out by varying the cross sectional dimensions. BasegfSSity of solving nonlinear boundary-value problem for the or-
on this study it is concluded that Isogrids made using aluminunflinary second order differential equation even for the canonical
alloy is having a low factor of safety of 1.27 on UTS, while the deformations. This means that for the initial state other than the

carbon/epoxy composite Isogrid is having a factor of safety ofaffine one even the equations of neutral equilibrium can’t be writ-
1.58 on UTS. ten in the explicit form.

Paramasivan Alagusundaramoorthy, Composites Technology The results of comparative analysis of the problems of uni-

Centre, Chennai, 600 036, INDIA axial stretching of a rectangle, parallelepiped and solid circular
cylinder are presented. For the general case of three-parameter
model of Blatz and Ko material for the mentioned above prob-

ANALYSIS FOR FATIGUE IN TURBINES lems the regions of material parameters where the dependence
of load upon stretching is non-monotonic are constructed. These
SHARADCHANDRA JOG BADDAM RAJESHWAR are the regions that allow stability loss at stretching. Despite their
sdj og@re.iith.ac.in qualitative similarity they appreciably differ quantitatively.
baddanr aj eswar @itbh.ac.in As an example of non-affine initial states Lame problems for

hollow cylinder and spherical shell were considered. The calcu-
High Cycle Fatigue of turbo machinery blades is a significantlations showed that the shape of the structure under deformation
design problem because one of the turbine stages may operatessentially influenced upon critical strains. Moreover the region
very close to the resonant conditiénthis could lead to the fa- of material parameters where such strains exist was sharply ex-
tigue failures. In order to assess the crack initiation life of thetended with comparison to the uniaxial stretching.

turbine blade, it is essential to correlate vibration to fatigue be- The stapility loss at stretching stresses can appear in the form
cause crack initiates from the material imperfections under the;s instability of numerical schemes applying to the analysis of
combination of steady stresses and fluctuating stresses in higlyme problems on the deformation of nonlinearly elastic struc-
cycle fatigue phenomena. This work models an untwisted, NORyres. The possibility of such effect was illustrated by an analysis
tapered cantilever beam with asymmetric cross section of turbings the problem of constrained (plane) torsion of a ring made from
blade. The natural frequencies of the turbine blade were deteﬁompressible material. It was shown that the reason of numeri-
mined by using modal analysis in ANSYS. Nozzle excitation fre- 4 instability was connected with achievement of critical value
quencies and forces were determined from the analysis of flow; he stretching diagram and did not depend upon the method of

path field between stator and rotor blades. The critical conditionymerical investigation or semi-inverse presentation of deforma-
atwhich natural frequencies are coincident with nozzle excitationjop,.

frequencies were spotted from the Campbell diagram. Steady
stresses and dynamic stresses were calculated in ANSYS using '
harmonic forces corresponding to the resonance conditions. THEarches (project 05-01-00638).

stress results obtained were compared with those from the anMikhail |. Karyakin, Zorge, 5, Rostov-on-Don, 344090, Russia
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load. But, the restrictions on the value of the increments of the
external loadings are imposed. This article is devoted to the a
new type of constitutive relationships without above mentioned

shortcomings. Relationships of such type can be constructed

ON THE MICROSTRUCTURE ACCOUNT IN THE
PROBLEMS OF HOLES FORMATION NEAR DEFECTS
IN NONLINEAR ELASTIC BODIES

M. K ARYAKIN O. PUSTOVALOVA con_sidering the Iqa_ding surface in the_ st_rain-spac_e. In case of
strain-space plasticity theory the constitutive equations, flow and

karyaki n@math.rsu.ru loading conditions depends only of the strain and its increments.

ol ga- pust oval ova@andex. ru This dependence allows to describe uniquely not only hardening,

but also softening materials. Strain-space plasticity theories al-

The account of material structure seems to be very importaribws to propose a new modifications of the numerical methods
for any problem on singular behavior especially for the holes for-of the plasticity problems. An initial stress method and initial
mation. The simplest way of microstructure accounting withinstrain method are the basic numerical methods for elastic plas-
the framework of continuum mechanics is usage of Cosseraic boundary problems. It is well known, that the initial stress
model of elastic media. The purpose of present paper is an analynethod, as against to initial strain method which loses conver-
sis of influence of couple stresses upon the radius of forming holgence at small hardenings, is converging not only at small hard-
and even the possibility of such hole formation. Two reasons oénings and ideal plasticity, but also for softening materials. Let's
the holes formation were investigated, both connected with isoremind that the initial stress method is based on the constitutive
lated linear defect in nonlinearly elastic cylinder. relationships of flow theory solved concerning of the increment of

The equilibrium of nonlinear elastic cylinder containing wedgethe stress tensor in a combination to the Hooks law. Thus a plas-
disclination was considered. Necessary and sufficient conditionicity matrix and the loading conditions depends on a stress tensor
of applicability of the proposed form of semi-inverse presentationand stress tensor increments and the satisfaction of the flow crite-
of the deformation for this problem analysis were formulated. Forias according to the every increments of external loading arises
different types of non-compressible Cosserat pseudo-continuuie certain computing difficulties. If the constitutive equations
potentials the account of couple stresses was found to be of naf the plasticity theory, as against the classical theories consid-
influence upon holes formation near disclination line. In the casering in the frame of Drukers plasticity postulate, to formulate
of disclination in the classical Cosserat media the deformatioron the basis of a lliushins plasticity postulate with a loading sur-
was coincided with that of pseudo-continuum case, meaning thdace in the strain space the constitutive relationship and loading
micro-rotation of the grain is identical to its macro-rotation due conditions depend only strain tensor and its increments and satis-
to elastic deformation. faction of flow criterias does not cause difficulty, that much more

The problem on screw dislocation in circular solid cylinder facilitates numerical realization of the plasticity problems on the
was much more complicated. Even in the simplest case of iniitial stress method. The various stress space and strain space
compressible material it required to solve nonlinear boundaryheories of plasticity and thermoplasticity for isotropic and trans-
value problem to derive the field of micro-rotation. It didn’'t con- versely isotropic materials are offered. Are shown their validity
cern, naturally, the incompressible pseudo-continuum where thign the basis of comparison theoretical and experimental curve for
micro-rotation could be easy obtained analytically. The accounfibrous composites. The test examples about equilibrium of elas-
for the couple stresses lead to the substantial decrease of the tit plastic parallelepipeds and rectangular based on the various
dius of the hole formed due to screw dislocation up to total dis-{plasticity theories and numerical methods are solved.
appearance of the hole. Abduvali A. Khaldjigitov, Vuzgorodok, NUUz, Tashkent, 700095,
Olga G. Pustovalova, Zorge, 5, Rostov-on-Don, 344090, RussiaUzbekistan

NUMERICAL ASPECTS OF THE STRAIN SPACE NUMERICAL SIMULATION OF POSSIBLE LANDSLIDE
PLASTICITY THEORIES TSUNAMIS IN THE BLACK SEA
KHALDJIGITOV A. A. ADAMBAEV U. I. O. KHVOSTOVA A. KURKIN N. SAMARINA

akhal d@mi | . ru

As a rule the deformation theory or the flow theory are used Most tsunamis are generated by sea floor displacement by
when elastic-plastic problems are formulated. In case of claslkarge undersea earthquakes. But also landslides, volcanic erup-
sic flow theory , when the general strain considered as a sum dion, explosions, and even the impact of cosmic bodies, such as
elastic and plastic parts, as a rule it is necessary to solve comaeteorites, can generate tsunamis. Although studies of landslide-
stitutive relationships for increment of the stress tensor. But irgenerated tsunamis have a long history, events themselves are
that case the right part of the relationship depends on the stregenerally considered to be relatively rare. The July 17, 1998,
tensor and increment of the strain tensor. Dependence of theapua New Guinea tsunami, one of the most catastrophic tsunami
modeling equation and loading conditions of stress tensor leads the 20th century (about 2300 casualties), appears to have been
to some difficulties in numerical solution of elastic-plastic prob-initiated not by the comparatively modest earthquakéd/bf =
lems in displacements. It is connected with the satisfaction of,9 — 7, 3, but by a local landslide triggered by the earthquake.
the loading and flow conditions for loading surface considered inTsunami waves with heights reaching 26 m associated with the
stress space. Usually, difficulties are eliminated by introducingl992 Flores Island Earthquake (Ms = 7.5) in Indonesia were ap-
an additional parameter allowing approximately satisfaction theparently induced by local submarine landslides. Local submarine
flow and loading conditions at the any increment of the externakliding and slumping also contributed to formation of destructive
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tsunami waves during the 1999 Kocaeli Earthquake, Turkey. Alweighting. Therefore there is a necessity for application of nu-
three events demonstrated that submarine slides play a substanerical methods, among which most popular and universal is the
tially more important role in tsunami generation than previouslymethod of final elements (FEM) [1, 2]. There is a number of al-
thought. Though the total number of tsunami in the Black sea igorithms of the decision of contact problems on a basis of FEM.
insignificant (28 events), however only in the twentieth centuryOne of them is the way, in which the conditions of interaction
six tsunamis were fixed, that testified to high frequency of recurbetween bodies are simulated with the help of ratio of physically
rence of tsunami in this region (less than 20 years). All theseonlinear tasks of the mechanics of a solid body [3]. The second
tsunamis had a local character. There is no high seismic activityway is method based on a method of Shvartz [4]. The algorithm
in this region. But it is known that landslides are often occurredof a buffer layer in FEM for contact problems allows to simulate
here. Therefore the submarine landslides are the most probabtpntact break as a zone of the large gradients of the required de-
source of tsunami in this region. Tsunami generation from subeision, and is based on introduction between contacting bodies of
marine landslides depends mainly on the volume of the slide maa fictitious buffer contact layer (of contact pseudo-environment)
terial and also on other factors which include: angle of the slide[5]. In the work is considered the interaction of solid body with
water depth, density of the slide material, the speed with whictihe elastic shock-absorber of elastomer. The contact interaction is
the material moves, duration of the slide, etc. The results of nusimulated with help of a vector of additional loading. The given
merical simulation of possible landslide tsunami in the basin ofvector returns points of an elastic body, which penetrated in other
the Black Sea are compared. As mathematical model of tsunanbiody, on a general surface of contact. For different conditions
generation by the underwater landslide we select two-layer hyef contact the vector of additional loading is various. The vec-
drodynamic model, based on non-linear shallow water equationgor returns a points, which penetrated on a surface of contact till
Two events were modelled in this paper. The fist one is whera straight line, which connects old and new nodes of a design,
the center of landslide is placed nearby the cape of Idokopas (iat contact to absolute coupling The vector returns points, which
the region of tsunami center of April 8, 1909). And the secondhave penetrated, on a direct perpendicular surface of contact, at
one is when the source of the tsunami is placed near Sochi cityontact with slippage. Constructions of elastomers have unique
(in the region of tsunami center of December 4, 1970). The spaproperties. The classical methods of final elements do not al-
tial distribution of altitudes of waves and oscillations of a sealow to take into account these properties. Therefore was used
level in fixed points are designed. Snapshots of the slide and athe moment scheme of a method of final elements which takes
sociated tsunami waves from numerical simulations for differeninto account rigid displacement, effect of false shift, weak con-
times after the initial slide failure for both events are performed.densability of elastomers. This method consists in threefold ap-
The results of calculations of theses events are compared to thoximation of movings, deformations and function of change of
known eye-witness data of these tsunamis. The distribution ofolume.

wave heights of tsunami along coasts of the Black Sea, designed

within the framework of the nonlinear theory of shallow water, is

shown. Also maximum and minimum amplitude distribution of

designed tsunamis is plotted. It is shown that the logarithmicallREFERENCES

normal distribution is good approximation of distribution of wave
heights along the coast.

L . [1] E. V. Binkevich, S. A. Letuchaya. Application of a method
Olga E. Khvostova, Minina, 24, Nizhny Novgorod, 603600, Rus-

of final elements in tasks about contact interaction of el-

sia ements of designs. Dnepropetrovsk: publishing house
DGU, 1988. 88 p.
THE DECISION OF A CONTACT TASK BY A METHOD [2] V. V. Kirichesky. Method of final elements in the mechan-
OF FINAL ELEMENTS ics. K.: Nauk. Dumka, 2002. 655 p.
V. V. KIRICHEVSKY S. N. GREBENYUK [3] A.N.Pautov, O. . Soluyanova. Method of fictitious rigidity
E.S. RESHEVSKAYA V. M. TARHOVA in the numerical decision of contact tasks / Applied prob-
res82@mil.ru lems of durability and plasticity. 1978, N 9. P. 4954.

K. N. Rudakov. Effective algorithms of the decision of
three-dimensional regional tasks of the mechanics of a de-
formable firm body by a method of final elements: Dis. of
doctor of technical science: 05.02.07/ National technical
university of Ukraine Polytechnical institute of Kiev. K,
1996. 302 p.

The phenomena of contact meet in daily life and play the very [4]
important role in work of designs and mechanisms. The knowl-
edge of pressure - deformed state at contact is necessary for defi-
nition of durability and stability of details of machines and struc-
tures in places of their interaction. One of the important problem
in mechanical engineering and construction is well stated math-

ematical theory, which can predict dt_avelop_me_nt of contact pro-45] G. P. Nikishkov, V. G. Pashnin. Account of the intense sta-
cess and based on fundamental physical principles. Therefore th . . . . .
research of contact problems. the develooment of aldorithms of tus of contacting bodies with use isoparametric contact el-
acscournt of ressurepand defi’rmation\; inrz:ontactin EE)o:;ies fe . ements/Durability of materials and elements of designs of
P 9 p nuclear reactor.: M.: Energoatomizdat, 1985. P. 38 43.
resents a actual problem. There are many set of methods of the
decision of contact problems now. The analytical methods al-
low to receive the decision in the exact closed form for the veryReshevskaya Ekaterina, 66, Zhukovski, Zaporizhzhya, 69063,
much limited number of designs and for the simplified circuits of Ukraine
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INTERACTION OF THE STEADY FLOW OF A VISCOUS COUPLING MODEL OF SURFACE ADMIXTURE

LIQUID WITH A MULTILAYERED VISCOELASTIC REDISTRIBUTION AT THE CONDITION OF ONE-AXIS
WALL MECHANICAL LOADING
KiziLovAa N. KNYAZEVA A. G.
nnk_@Kk.ru anna@rs.tsc.ru

Nature gives us excellent examples of the optimal solution§ The effects accompanying the solid-phase diffusion were ana-

; o . ed in [1-3] etc. It was shown there that mass transfer mecha-

and evolutionary optimized mechanical systems that can be use T e
: . L o .~ nism under stress action is analogous to barodiffusion in gases
in practice and technology. The very first investigations of unique - . e
. . ) . Y - and liquids. Interrelation between the diffusion and stresses
damping properties of the dolphin skin have inspired the series : : . .
. . sShould play essential role in the mechanical behavior of mate-
of theoretical and experimental work of the shear stress decrease e . .
. o . rials. As a rule, the diffusion problems in deformable media are
and delay in transition to turbulence flow and stimulated develop- . - . . .
analyzed in quasi static formulations, when ones are studying the

ment the special coating for technical applications. In the sameurface modification of materials. And what is more, the most of

way the steady .ﬂOW stablllty and wave p“’p‘f"ga"o'? in the blooqinown models are restricted by the calculation of stress fields ac-
vessels as multilayered anisotropic tubes with defined set of the

. companied the diffusion. If it is correct in some particular prob-

material pafa_meter and thicknessc_as of th_e Ir_;\yers gi\{es some IrPéms to estimate the stresses in the diffusion zone during reac-
portant decisions that can be applied to liquid flows in the tUbe%ion diffusion and to investigate the internal stress influence on

and channels of the technical devices and mass-exchange appa- . . S
ratus with distensible ducts [1]. Here the wave propagation ir?ﬁe new phase center growth, so the quasi static approximation is

the multi-layered viscoelastic tube filled with a viscous incom-no proper, when the mass transfer is modeled at the conditions

. o . . . of diffusion welding, acoustic or shock-wave actions and dur-
pressible liquid is considered. Navier-Stokes equations for the - S . : .
fluid and momentum equations for the solid layers are consid'—ng material treatment using intensive particle beams of various

ered. The modified Kelvin-Voight model for the layers with dif- types. The notions of effective diffusion coefiicient are nonsen-

: 7 S0 .. sical here. Analysis shown that the items proportional to stress
ferent rheological parameters is used. The continuity conditions ~ . . . " :
radient will be prevail at the condition of external mechanical

for the velocities and normal and tangential stresses at the ﬂUi(gction depending on time or at the condition of essential no uni-
solid and solid-solid interfaces are considered. The ratio of th P 9

o - . ) Torm stress field. The problem on the treatment of the material
radial displacement of the wall to the undisturbed inner radius o - . . . ;
containing the alloying elements in thin surface layer by high

the tube is supposed to be small and solution of the coupled sys- X
. S requency action could be regarded as the example where mass
tem is sought as power series in the small parameter. The expres- - - L . _
. . . . ransfer under stress action will be defining. In this case, it is
sions for the amplitudes of the pressures, fluid velocity and wal

displacement components for the zero- and first-order approxf-:orreCt to investigate the mass elasticity equations presented in

mations are obtained in analytical form. Basing on the bOundarstresses in the approximation of ideal or non ideal solution with

conditions the dispersion equation is calculated. Numerical in)_éorrespondlng boundary conditions. In this paper, the simplest

S . . e one-dimensional model, including the motion equation and dif-
vestigation of the phase velocity and spatial amplification rate ag . . . . . .
. . . . ._Tusion equation connecting with stresses is studied numerically.
the frequency functions at different material parameters is carrie

: . is shown that the stresses lead to diffusion zone increase essen-
out. The parameters corresponding to normal and pathological af.-

; . . ially.
terial vessel walls as well as to some technical plastics and gels Y

have been used for computations. The volumetric flow rate and

wall shear stress are calculated. The fluid- and solid-based modes

are distinguished. Itis shown that Young modules, viscosities and

thicknesses of the layers significantly influence the flow parameRgrerRENCES
ters, which is determined by the fluid-solid energy flux.

[1] Knyazeva A.G. Model of medium with diffusion and in-
ternal surfaces and some applied problems // Mater. Phys.
Mech., 2004, V. 7, No 1, P.29-36

[2] Knyazeva A.G. Diffusion and rheology in local reversible
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plotted, and dependence of vibration critical amplitude on ther-
mal conductivity ratio of fluids was determined.

The research has been supported by grant NSh-7690.2006.1
and Civilian Research and Development Foundation (PE-009-
0/B2M409).

ABOUT BOUNDARY PROBLEMS VOLUMETRIC
FORMING IN CONDITIONS OF SUPERPLASTICITY

S. KOJOBAEVA, S. RAzYLOV, M. PEREPLETOVA
rudaev36@mil .ru

In the framework of the theory elastoplastic processes of smalREFERENCES
curvature and the developed modelling representations some
problems volumetric forming with use of superplasticity are con- [1] Kokarovtseva M.A., Tcerepanov A.A.About the influence
sidered. At the certain assumptions concerning a field rates dis- ~ of Marangoni effect on the thereshold of parametric reso-
placement, fields of stresses and rates strain, and also working nance excitation under the action of horisontal vibrations.
strength are established. From conditions of maximization of vol- Convective flows. Perm. PSPU. 2005. PP. 47-59.
ume area of superplasticity as parts of the center deformation and2] Birich R.V., Bushueva S.V.Thermocapillary instability in
minimization strengthes are constructed functions controlling by two-layer system with a deformable interface. Fluid dy-
processes which optimization is caused by qualitative structural namics. V. 36. 3.2001. P. 349-355.
parameters of afinal.product. The c.onc‘rete data are receiyed for3] Birkh R.V. Briskman V.A. Rudakov R.V. Velarde
cases of manufacFurlng u_nder the circuit of return expression of M.G.Intern. J. Heat Mass Transfer. 1995. V. 38, 15. P.
the thin-walled cylinder with the bottom and undraw plate draw- 2723-2731.
ings.
S. Kojobaeva, S. Pazylov, M. Perepletova, Bishkek, Kyrgyzstaﬁ),erm state university, Bukireva, 15, Perm, 614990, Russia
720000, 44 Kievskaya

ANALYSIS OF CONTACT TRIBOMECHANICAL
SYSTEMS WITH HETEROGENEITIES AND DEFECTS

OSCILLATORY MARANGONI INSTABILITY APPLIED TO A PAIR WHEEL - RAIL
EVOLUTION UNDER THE INFLUENCE OF
FINITE-FREQUENCY VIBRATIONS VLADIMIR |. KOLESNIKOV ANDREW V. NASEDKIN

MIKHAIL |. CHEBAKOV
M. A. KOKAROVTSEVA )
rek@ gups. ru nasedki n@math.rsu.ru

marina_a_k@su.ru chebakov@mat h. rsu. ru

The influence of thermocapillary effect on the thereshold of The results of the finite element and analytical solutions of the
parametric waves generation at the interface between two liquidsontact interaction problems for various tribomechanical systems
by the horizontal vibrations was considered in [1]. The inter-are described. The investigations are focused on the definition of
action of parametric and thermocapillary mechanisms of surfacéhe deflected mode of the complicated bodies with non-uniform
waves generation was also examined in [2-3]. In the preserproperties and defects in the near-surface layers under normal
research opposite problem on finite-frequency vibrations influand tangential forces. The specific applied problem is the esti-
ence on the thermocapillary oscillatory instability evolution of mation of the stress-strain behavior of the rail wheel with inho-
two-layer system of non-mixing incompressible liquids is con-mogeneities and defects in the near-surface layers.
sidered. Two-layer system of non-mixing liquids, contained in  Solid models with material properties are developed in view of
the vessel accomplishing horizontal vibrations in the present obpportunities of subsequent condensation of finite element mesh
vertical temperature gradient is investigated. As thermocapillaryn contact zones, assignment of inhomogeneities and defects, ap-
convection is of prime interest, the interface is supposed nonplication of submodeling method and creation of finite element
deformable, capillary-gravity waves are not examined. In thisgrids for modeling problems. Methods of the automated updating
case solution with flat velocity profile, temperature gradient cor-of material properties of finite elements for giving non-uniform
responding heat-conducting regime is possible, at that the intematerial properties for the set functional dependences are devel-
face remains non-deformable. Investigating the problem in theped.
absence of vibrations it was found that Marangoni instability has For testing the numerical approaches proposed the new ana-
monotonic character, if thermal conductivity coefficient of colder Iytical solutions of plane and axisymmetric contact problems are
liquid is less than the hotter one. In the opposite case of thereonstructed at presence of friction forces in initially unknown
mal conductivity ratio and in the absence of vibrations perturba€ontact area and in view of the boundary effects arising on irreg-
tions reduce by an oscillatory character; therefore it is possiblelar areas of contacting surfaces. For these modeling problems
to assume that the horizontal vibrations can result in developthe finite element programs are established and necessary calcu-
ment of oscillatory instability. In the model problem we assumedlations are performed. Comparison of the finite element results
viscosity and thermal conductivity coefficients to be equal. Thereceived with numerical - analytical results for modeling prob-
problem on main flow stability was solved analytically by serieslems is carried out. For all the problems considered sufficient
expansion in a smallness parameter, which is proportional to thagreement of analytical and numerical results is obtained.
vibration amplitude with application of multiscale method. Cal-  This work is partially supported by grants of the Russian Foun-
culations showed that in this problem waves with frequency equadlation of Basic Researches (No 05-08-18270).
to the driving frequency are generated. Amplitude equations foAndrey V. Nasedkin, Stachki str., 200/1, Rostov-on-Don, 344090,
disturbances were obtained, on their basis neutral curves wekRussia
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The issue of plasticity growth, referring to the process of addi-
tional loading and environmental stress variation while the state
of material plasticity is originated, is considered as well. The au-
thor is sincerely grateful to E.l. Shemyakin, Academician of the
Russian Academy of Sciences, for the formulation of the prob-
j acey@nbox. ru lem and assistance in work. The research is accomplished in the
framework of the RFBR (Grant No. 05-01-00749).

The equation for micro-polar theory of the piezoelectric phe-
nomenon in polar mediums had been presented recently. Hovatalia A. Konchakova, University Sq.1, Voronezh, 394006, Rus-
ever, the materials with non-polar structures remain uncoveredsjy
One of the most important materials of that class-iguartz. This
material has very wide sphere of application due to its unique
properties. This paper consider mechanism of interaction be-
tween electric field and non-polar piezoelectric medium from
point of view of micro-polar theory. The obtained equations are
fitted to materials with symmetry clag?. As an examplex-
quartz structure is considered.
Yaroslav E. Kolpakov, 13a, Kima Avenue, St.-Petersburg, 19915

A MICRO-POLAR THEORY FOR NON-POLAR
PIEZOELECTRIC MATERIALS

YAROSLAV E. KOLPAKOV

5 THE METHODS OF THE DEFINITION OF A METAL
"HARDENING CURVE UNDER THE EXPERIMENTAL

Russia
DATA OF INTRODUCTION
THE INVESTIGATION OF THE IRREVERSIBLE DMITRIY V. KONOVALOV.  SERGEYV. SMIRNOV
STRAIN IN THE BRITTLE FRACTURE MATERIALS satterkei n@andex.ru svs@mach. uran.ru
KONCHAKOVA NATALIA
kont chakova@andex. ru The curve of hardening is the important characteristic of the

metal properties. This curve allows to find the mechanical char-

It is well known that compound composite materials, such agicteristics of a material and to give an estimation of stress-strain
soils and rocks, while under strain, form a quasi material, wherétate during the modeling of the process of detail manufacturing.
plastic deformation is realized due to fragmentation of a solid intol here are standard tests for definition of a metal hardening curve:
separate parts, their displacement along the sliding surfaces afdtensile or a compression of specimens. However, for designs
rotation so as to originate a quasi-continuum. This concept is thE8king place in operation, for example, bridges, shell of rockets
key idea for the synthetic theory of strength and is developed irftC-, it is impossible to use these methods for identification of the
the present work. The present research is based on the notion Bfoperties of the metal. In this case itis necessary to apply not de-
irreversible strain of solids due to shear localization and formasStroying methods of experiments. It is offered to use a method of
tion of real sliding surfaces. Brittle fracture mechanics and thdntroduction of conic indenter to the surface of a product. In this
modern theory of strength formulate fracture criteria as invariantest it is received the diagram of the indentation, which expresses
connections of critical values of strain macro parameters, andhe dependence of the effort of indenter introduction from the
nowadays, are more and more founded on physical methods gepth of the introduction. The curve of hardening can be found
solids and modern branches of mechanics, which take into adly comparing the experimental diagram of indentation with the
count material microstructure. When principal shear attains it§liagram received at computer modeling of indenter introduction
critical value, the zone of irreversible strains starts to grow orPY the finite elements method. In finite-element model the elastic-
condition that maximum tangential stress remains constant. Thalastic isotropic hardening medium submitting to the Hook law
very moment of fracture takes place when stresses and straifd the plasticity condition of von Mises has been used. Within
achieve their critical values, while preparation to fracture (pre-the framework of this model the yield stress uniquely determined
fracture) happens near the zone of stress concentration, which @ @ hardening curve is the unknown parameter. The curve of
a classical region of plastic flow. Primary invariant connectionshardening has been defined by cubic spline approximation of the
serve as the fracture criterion at the moment of fracture. In casBarameters. The diagrams of the indentation for specimens from
of brittle fracture, which is observed in problems on geomechanSteel 3 have been received by the testing machine Instron 8801
ics and strain of rocks, the state of fragmentation of a solid intdor conic indenters with a corner at top 90 and 120 degrees for
parts, replacing the state of plasticity, is modeled by the quadratithe effort of indentation equals 5 kH. The values of spline param-
plasticity criterion for the stresses and strength criterion for sheaters were determined by minimizing of the discrepancy between
strains. The issue, concerning the origin of irreversible strairfhe designed and experimentally received diagrams of indenta-
in the material surrounding an excavation, is considered for ai#on. The curve hardenings which were found from the experi-
elastoplastic model in the case of excavation of a circular crosgnental data for two corners of the indenter have coincided with
section. Stress and strain behaviour near the elastoplastic bounigh accuracy, and also have shown good concurrence from the
ary is analyzed; dependence of the position of the elastoplastidardening curve received for the given mark of steel from the ex-
boundary on the given force values on the excavation contours Refiments to compression of the cylindrical specimens.
established; the strain values in the plastic region are calculated;
the behaviour peculiarities of the inclination angle of the strainDmitriy A. Konovalov, Komsomolskaya 34, Ekaterinburg,
tensor principal directions in the prefracture zone are revealed20219, Russia
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of wave propagation in the semi-infinite shell of revolution is
used. Two-dimensional Kirchhoff-Love components (tangential
and bending), solutions for quasi-planar problem of the theory of
elasticity, parabolic interface at the quasi front neighborhood, in-
terface at the Raleigh wave front neighborhood and hyperbolic in-
terfaces in the neighborhoods of expansion and shear wave fronts
are applied. Boundary contact problems for incident, reflected
nor ol t @andex. r u; and transmitted waves are formulated and solved on base of cor-
freidi n@echani cs.ipnme.ru; ven@tcw n.com responding components. Quasi-static interface (quasi-symmetric
and quasi-anti-symmetric) that satisfies the boundary conditions
We study the interaction between fracture processes and laegether with two-dimensional component is built in order to
calized structural transformations. Materials may contain inclusatisfy boundary conditions on the end surface in exact three-
sions which can suffer stress induced phase transformations udimensional form and in the small neighborhood of the end sur-
der the process of the deformation of a body. Favorably orienteghce contact zone. Problems for semi-infinite shell were taken
anisotropic grains in polycrystalline materials or inhomogeneitiesas basis while investigating the problem of wave propagation in
of technological nature are examples of such inclusions. Phaste composite shell. The first problem describes waves that are
transformations change elasticity modules of a material and proacaused by the front impact. The proof of solution matching for
duce self-strains of a transformation. As a result, local stressdsyperbolic interfaces and quasi-plane problem solution of the the-
change. This in turn can initiate or block fracture processes.  ory of elasticity is conducted in the stage of problem analyzing.
This work presents the investigations of the interaction be-The area of theory applications is also defined here. The sec-
tween the inclusion enduring phase transformations and a fatiguend basic problem describes the influence of pack of waves on
crack. We study phase transitions in a cylindrical inclusion un-the joint of two semi-infinite shells and formation of the packs
der an external stress field transmitted by a linear elastic matrivof reflected and transmitted waves. Contact problem for hyper-
The possibility of phase transition in the inclusion is determinedbolic interfaces is solved using Laplace time and Fourier longitu-
by the principle of the energy preference. We develop the finitedinal coordinate integral transformations, method of front asymp-
element algorithm for the determination of the phase state of théotic and an assumption that the solution for the interface changes
inclusion in arbitrary stress fields. The calculations are verifiedslightly with the normal coordinate in the scale of the contact
by the comparison with the analytical results obtained for the casthickness.
of uniform external fields.
Then we study phase transformations of the inclusion due to
the stresses induced by the crack. The study is based on the ci#EFERENCES
culation of the stress intensity factors. We show that the crack . )
growth can initiate phase transitions in the inclusion. We also [ Kaplunov J.D., Kossovich L.Yu., Nolde E.V. Dynamics of
show that, in dependence of material parameters, the inclusion at-  thin walled elastic bodies. San Diego, 1998.
tracts or repels the crack if the phase transformation takes place[2] Kossovich L.Yu. Asymptotic analysis of nonstationary
We study how this effect depends on material parameters. We  stress-strain-state of combined and stiffened shells of revo-
mention that the effects take place when the distance between the lution at shock edge loading (in Russian). Proc. of 5th Inter-
tip of the crack and the center of the inclusion is comparable with national Conference on Mixed Problems in Solid Mechan-
the diameter of the inclusion, at the reasonable choice of the ma-  ics. Saratov (2005). P. 199-210.
terial parameters. We also demonstrate the competition between3 Kirillova 1.V., Kossovich L.Yu. Boundary layers in shells
the external stress field and stresses induced by the phase trans- - of revolution with a discontinuity in the thickness // ICOVP
formations, namely, we show that increasing external stress may  2001. Moscow. P. 263266.
suppress or intensify the action of the phase transformation on .
the crack trajectory. Leon!d Y. Kossovich, Astrakhanskaya Str. 83, Saratov, 410012,
This work is supported by the Sandia National LaboratoryRussIa
(USA) and the Program for Fundamental Research (RAS).
Igor K. Korolev, Alexander B. Freidin, Elena N. Vilchevskaya, TIME OPTIMAL CONTROL OF MECHANICAL
Institute of Mechanical Engineering Problems of RAS, Bolshoy SYSTEMS WITH DRY FRICTION UNDER HARMONIC

MODELING AN INTERACTION BETWEEN A PHASE
TRANSFORMING INCLUSION AND A FATIGUE
CRACK

IGORK. KOROLEV, ALEXANDER B. FREIDIN
ELENA N. VILCHEVSKAYA

Pr. 61, V.O., St.Petersburg 199178, Russia DISTURBANCES
G. V. KOSTIN
HYPERBOLIC INTERFACES IN COMPOSITE SHELLS kostin@ pmet . ru

UNDER FRONT IMPACTS

The controlled motions of a mechanical system under dry and
viscous friction and harmonic disturbances are investigated. The

kossovi chl y@andex. ru dry friction function of velocity is supposed symmetric piece-

wise constant. The time optimal control for the undisturbed

The paper is devoted to mathematical modeling of non-point-to-point problem is applied to the system subject to a har-

stationary wave distribution in composite shell structures. Longi-monic force with given amplitude, frequency, and phase. The

tudinal impacts of tangential and bending types as well as theesulted phase trajectories and periodic limiting motions for dif-
normal impact are discussed in the paper. Asymptotic modeferent system parameters are investigated. It was shown that the

L. Yu. KossovicH I. V. KIRILLOVA

51



phase point of the system can reach zero position in some fixestcale expansions, the ratio of distance between pendulums rel-
time or tend to a limit cycle. Starting at the origin the point canative to characteristic wavelength being a small parameter. As
return back periodically or perform an irregular bounded motion.a result, we have obtained two coupled nonlinear Schrodinger
The emergence and stability conditions of simple cycles are anequations (NSE) in principal asymptotic approximation. These
alyzed. For the disturbed system the synthesis and program laequations describe, in particular, energy transfer between two os-
of time optimal control were derived. It was proved for each ac-cillatory chains. It is shown that the transfer can be actually re-
ceptable set of parameters that there exists a piecewise constatized by nonlinear soliton-type excitation (breather) and by non-
optimal control with no more than one switch. linear cooperative waves if parameter of nonlinearity is not too
Georgii V. Kostin, Vernadskogo 101-1, Moscow, 119526, Russialarge. There is some critical value of this parameter correspond-
ing to appearance of strong energy localization on the chain (if
the energy was initially concentrated on it).

DYNAMICS OF THE PANTOGRAPH DESIGN IN ORBIT Natalya A. Kovaleva, ul. Kosygina, 4, Moscow, 119991, Russia
V. S. KHOROSHILOV A. P. KOVALENKO
A. E. ZAKRZHEVSKIJ RAYLEIGH-BENARD CONVECTION SUBJECT TO
skh@lp. ukrtel . net al zakr @l zakr. ki ev. ua TRANSLATIONAL VIBRATION OF CIRCULAR
al zakr @l zakr . ki ev. ua POLARIZATION

The object of research is transformable in orbit an elastic pan- KOzLOV ALEKSANDER

tograph design. It is a component of a space vehicle and is a

gravitational stabilizer and a support of solar arrays. For taking

into account the elasticity of elements of the many-tier design The strengthened attention to studying convective processes in
each of them was modelled by two rigid rods connected by amon-stationary force fields with reference to conditions of orbital
elastic hinge. Elasticity of the hinge was estimated proceedingight is caused by development of various space technologies.
from equality of potential energy of initial and equivalent ele- The analysis of real conditions of weightlessness on space vehi-
ments at identical configurations of characteristic points of theles has shown necessity to consider influence on technological
element in the deformed condition. DynamiCS of relative motionprocesses not On|y the gravitationa| mechanism Convection, but
of pantograph design is described by Lagrange equations. Valuggso inertial accelerations varying in due course. Convection in
of rhombuses semi-diagonals, which are parallel to a centerline qfonditions of variable external influences now is a subject of nu-
all design, are chosen as the generalized coordinates. At researglarous researches. The knowledge of a picture of current and his
Of SUCh design, Stabi|izati0n Of a Space Vehicle in inertial refer'dynamics are require for the decision of many hydro dynamica|
ence frame was assumed ideal, at least during time of change gfoblems and is actual in connection with a wide variety of tech-
a configuration of the design. It has essentially simplified statenological appendices. Performance of necessary researches on
ment Of a problem as in th|s case |t iS pOSSible to Consider that thgpace vehicles is interfaced to Comp|exity and dearness of exper_
centerline of a design remains straight-line. At the same time, ifments. Therefore it is expedient to spend laboratory modeling
allows full enough to investigate dynamic behaviour of the sys-f the phenomena in ground conditions before first-hand experi-
tem at various laws of program change of a configuration of the:nces on space vehicles. Considering the reasons resulted above,
first tier, which results in deployment or retrieval of all design. jt has been decided to lead experiments on supervision over sta-
The laws of a deployment are considered that varied not only unjlity and structures arising convective currents in the flat hori-
der the shape, but also on duration. It is shown that depending ofbntal layer of a liquid which are being a field of inertial accel-
character of these laws the design may be either underdeployegkations of circular polarization. The results of experiments pre-
or opened on larger length than it would be made with absolutelgented in the present work, are important for understanding of in-

rigid design. _ teraction of the vibrating mechanism with thermogravity and also
Anatoly P. Kovalenko, 3, Petra Nesterova Street, Kiev, 03057pperating influence of vibrations on convective flows. Threshold
Ukraine curve stability concern to those in coordinates of number Rag and

his vibrating analogue Rav, and also in terms of dimensionless
vibrating speed a and gravity Rayleigh number at different orien-
tation of a gradient of temperature. Results of experiment speak
that the inertial accelerations polarized on a circle render desta-

ENERGY EXCHANGE IN DNA DOUBLE HELIX

NATALYA KOVALEVA LEONID MANEVITCH o - ; . o
bilizing influence on stability mechanical quasi-equilibrium to a
nat kov@ol ymer. chph.ras.ru liquid at Rag > 0. Besides the given vibrations excite currents
| mnev@enter.chph.ras.ru at heating from above, and position of threshold lines depends on

frequency of external influences. Dependence of a dimensionless
We describe nonlinear localized excitation in the macro-thermal stream - numbers Nu depending on intensity of vibra-
molecule DNA within the framework of the mechanical model. tions and conditions of heating are investigated. In researched
The model consists of two discrete oscillatory chains coupled byrea of parameters experimental values, within the limits of an
nonlinear springs. We take into account only one type of intererror, well lay down on one curve. The specified behaviour will
nal motions of DNA, namely rotations of the bases about sugarwell be agreed with the root dependen¥e Ragl/2 which is
phosphate chains, thus each base is considered as a twist peaking place in many convection problems. It is necessary to no-
dulum and a chain as a line of connected nonlinear pendulumsice also that, number at supercriticality equal 4 accepts value
After transition to complex variables [1-3] we use the multiple- 1,4. For comparison, at convection in a static gravity field the
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number Nuselt folRag/Ragx = 4 accepts value 1. It testifies Victor G. Kozlov, Perm state pedagogical university, Russia
to substantial growth heat transfer caused by the vibrating meciNikolay V. Selin, Perm state pedagogical university, Russia
anism of convection in comparison with a heat transfer caused by

the gravitational mechanism. Work is executed at partial financial

support of the Russian fund of basic researches and DepartmenyiD MODELING OF LOW-CYCLE HIGH-AMPLITUDE

of education and a science of Perm area Administration (grant LOADING

04-02-96038) and Fund of the USA of civil researches and devel- OF MONOCRYSTAL MATERIAL WITH DEFECTS
opment for the independent states of former Soviet Union CRDF

(grant PE-009-0). ANTON M. KRIVTSOV

Aleksander A. Kozlov, 15, Bukirev St., Perm, 614990, Russia Krivtsov@m ru

Fracture under low-cycle high-amplitude loading of 2D
monocrystal material with predefined distribution of defects is
studied using molecular dynamics technique. Influence of den-

HEAT VIBRATIONAL CONVECTION IN PLANE LAYER
SUBJECTED OSCILLATIONS OF SPATIAL PENDULUM

VICTOR G. KOzZLOV NIKOLAY V. SELIN sity of vacancies, lattice orientation, loading amplitude, loading
) period, thermal motion and interaction characteristics on the ma-
kozl ov@spu. ac. ru selin@spu.ru terial strength, fracture process and crack topology are analyzed.

Anton M. Krivtsov, Institute for Problems in Mechanical Engi-

Thermal vibrational convection of liquid with a homogeneous neering of Russian Academy of Sciences, Bolshoy pr.V.0.,61, St.
internal thermal emission in a cavity subject to oscillations ofpetersburg, 199178, Russia

spherical pendulum is studied experimentally and theoretically.
The cavity has the form of a parallelepiped and models a flat

layer. The layer boundaries are perpendicular to the pendulum THE SECOND VARIATION OF THE ENERGY

shoulder; the rotation of the cavity concerning the shoulder is ab- FUNCTIONAL THAT ALLOWS FOR PHASE
sent. The center of the pendulum is located above the layer. Dur- TRANSITION AND INSTABILITY OF PHASE
ing the oscillation the pendulum shoulder draws the conic sur- BOUNDARIES.

face, the center of the layer moves along the circular trajectory.

The lower layer boundary is isothermal; its temperature is kept VLADISLAV A. KUCHER

constant. The top boundary - adiabatic, its temperature is deter-
mined by the intensity of internal thermal emission. This temper-
ature distribution corresponds to stable stratification of liquid in L . . .
the gravity field. Experiments find out two thresholds of critical Phase boundaries in the Contlnl_Jum Mgchan_lcs_e_lre traqun-
growth of heat transfer with increase of vibrations intensity. Thea”_y modeled as the surfaces ,Of t.he jump d]scontan|t|es ks
first (under conditions of the experiment) threshold is connectetljt is well-known that the continuity of traction and the Maxwell

with the instability of Stokes boundary layer and manifests it_rule at the interface are the necessary conditions for its stability.
In this work we apply a variational procedure, which takes into

self in the occurrence of three-dimensional vortical structure lo- o fthe i ; d caleul h d vari
cated in the boundary layer. It is revealed that the given instability”‘cCount avariation of the interface, and calculate the second vari-

can be found in isothermal liquid as well at the presence of denrEltion of the energy functional. From its positivity we derive new

sity heterogeneity connected, for example, with the presence (ﬂecessfa;]y algebrglcl condltlhons of Stgb'“(;y |n\|/oIV|ng the d_eI:'V‘::'
fine firm inclusions with different from the liquid density. The tives of the potential up to the second order. In contrast with the

second threshold is connected with the development of thermd]'€Vious works on stability based on additional physical assump-
vibrational convection itself. Convection occupies all the Iayert'ons' our results follow directly from the variational formulation

volume and is determined by the combined action of various therQf the problem.

movibrational mechanisms [1]. In theoretical part of the work the
conditions of excitation of pendular vibrational convection in flat
layer with an internal thermal emission are examined on the basiRAYLEIGH WAVES IN THE ISOTROPIC AND LINEAR,
of the equations [1]. The equations are received by the method REDUCED COSSERAT CONTINUUM
of averaging in approximation of high dimensionless frequencies
(negligibly thin Stokes boundary layers). The results of theoreti-
cal analysis are in good agreement with experimental ones. nkul esh@rat h. uni - pot sdam de
The study is supported by the Russian Foundation for Basic el greco@dmni .ras.ru
Research (grant RFBR-Ural 04-01-96055) and administration of
PSPU (grant 01-06). We continue in this paper the work on the modeling of rocks
and soils in terms of the linear, elastic, reduced Cosserat con-
tinuum. The reduced Cosserat continuum is a continuum where
REFERENCES each point possesses rotational degrees of freedom. Furthermore
the medium resists to rotation as well as to translation, while the
[1] V.G. Kozlov. Vibrational convection in a cavity undergo- couple stress is zero. The stress tensor is asymmetric. The ob-
ing spatial pendulum oscillations // Convective flows. Perm.jective of the model is to take into account the mictrostructure of
1989. P. 19-27. (in Russian) = // Heat Transfer - Soviet Re+tocks and soils which influences wave propagation. It was first
search. 1991. V. 23. No 185; 7. P. 999-1008. suggested by Shwartz, Johnson, and Feng in 1984 to describe

vl adi sl avk@ anbl er. ru
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granular materials. Wave propagation in an unbounded 3D rewe can observe in case of thin layer while besides Lamb wave

duced Cosserat continuum was investigated by Grekova and Hetan be in existence a dispersive shear wave with only transver-
man (2003-2005). In this work, we consider the Rayleigh wavesal displacement component. Thus, in the Cosserat medium the
for the isotropic case, using analytical and numerical methodsnew wave modes are found out, and there is no analogue of it in
Instead of a straight line in the classical medium, we obtain twaclassical elasticity theory.

dispersion curves. The polarization differs both from the case of aq 5 second result of presented work the method of the

the classical medium and the case of a Cosserat continuum Wi@ﬂsplacement seismogram inversion has been proposed. This
couple stresses. For some frequency range, we observe a strof@nod is hased on continues wavelet transform and allows to

frequency dependence. There is a forbidden band of frequenggiore the wave number, phase and group velocities from exper-
cies, lying below the analogous forbidden band for an unboundegl,ental displacement seismograms.

medium. It indicates the possibility of localization phenomena. ) . . .

For the upper branch of the dispersion relation, there is also a for- These results can be effectively used in possible experiments

bidden domain of wave numbers: long waves may propagate oni§/Nich are aimed at the detection of couple-stress effects in

with one frequency. Far from the domain of frequencies wheréned'um and_further a_t _the identification of material constants of

the microstructure influences the wave propagation, the mediufionSymmetrical elasticity theory.

behaves analogously to the classical one (as expected). We makeThis work was supported by U.S. Civilian Research & De-

a comparison with the classical medium and the Cosserat mediumglopment Foundation (Post-Doctoral Fellowship Program Y2-

with couple stress for which the Rayleigh wave was investigatedP-09-04) and by the Deutsche Forschungsgemeinschaft (DFG)

by Kulesh et al. within the framework of the priority program SPP 1114, "Math-
Elena Grekova would like to thank Gerard Herman for valu-ematical methods for time series analysis and digital image pro-

able discussions, and Shell Interntio@d: P. for the financial ~ cessing”.

support of this research in the frame of the project “Waves inviikhail Kulesh, Am neuen Palais 10, Potsdam, 14469, Germany

complex media”.

Elena F. Grekova, Bolshoy pr. V.O., 61, St. Petersburg, 199178,

Russia

ON A VARIOUS MATHEMATICAL MODELS OF A

SKATEBOARD MOTION
SURFACE WAVES PROPAGATION IN COSSERAT

CONTINUUM: CONSTRUCTION OF SOLUTION AND ALEXANDER S. KULESHOV

ANALYSIS USING WAVELET TRANSFORM
kul eshov@rech. mat h. nsu. su

M. A. KULESH M. HOLSCHNEIDER
I. N. SHARDAKOV In our presentation we propose several mathematical models
mkul esh@at h. uni - pot sdam de describing thg motion of the_ rider on a_skateboard. _The motion
of all models is considered in assumption, that the rider control
is absent. The equations of motion of each of models are derived

The problem of the surface elastic wave propagation in a halfin the form of Gibbs - Appell equations and the analysis of these

s . . o ?quations is fulfilled. In particular, the effect of varying vehicle
pace and in a thin layer within the framework of the Cossera - . . X .
medium has been considered. Medium deformation in this modé:farameters on stability of its motion for each of models is studied.
is described not only by the displacement vector, but also by kine- In the present time skateboarding - the art of riding on a skate-
matically independent rotation vector. This model can be use#0ard - is one of the most popular recreational sports. Millions of
for the description of the media with microstructure, for examplePeople take a great interest in a skateboarding. Nevertheless, the
concrete, sand, sandy-gravel mixture, soil etc. serious researches concerning dynamics and stability of a skate-
At the same “me the app“cations Of these mode|s a|most d@oard mOtion are almOSt absent. At the Iate 70th - early 80th Of
not exist in praxis, since there are no reliable data about the mahe last century Mont Hubbard in his papers [1,2] proposed sev-
terial properties in nonsymmetrical elasticity theory and in facteral mathematical models describing the motion of a rider on a
there are no experiments which can demonstrate the effects §kateboard. However these works are written very briefly (in par-
couple-stress behavior in solid under deformation. ticular, the derivation of the equations of motion is omitted, the
Main models of elastic waves propagation in medium with mi-detailed analysis of the obtained equations is not fulfilled), that
crostructure have been proposed in 50-60th. At that time mangoes not allow to understand the basic mathematical principles of
significant theoretical results have been obtained, for example th Skateboard dynamics. In our presentation we give the further
fact of Rayleigh waves dispersion. But the classical elasticity thedevelopment of models offered by Hubbard.
ory does not describe this effect. Besides the investigations by Hubbard it is necessary to men-
The main result of presented work consists in fact, that withintion also the paper by Yu.G. Ispolov and B.A. Smolnikov [3] and
the framework of the Cosserat medium in the half-space besidgble recent paper by M. Wisse and A.L. Schwab [4], devoted to
elliptical Rayleigh wave can be in existence a shear surface wavgtudy a various mathematical models of a skateboard motion.
with only transversal component. Geometrically such wave ifHowever the model, proposed in [3], is two-dimensional while
equal to Love wave, but the existence of the Love wave as shean the papers [1,2] a more realistic three-dimensional models are
elastic wave is defined by presence of a layer on a half-space studied. As regards the paper [4], it contains only the brief review
classical elasticity theory, and while a layer thickness vanish thef the main results obtained in [1,2]. Thus, we can consider the
Love wave is transformed to a plane wave. The same situatiopapers [1,2] as a keyworks on a skateboard dynamics.

hol s@rat h. uni - pot sdam de shar dakov@ crmm ru
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REFERENCES and its dependence on component velocities is determined. Mul-
ticomponent medium is considered as a continuum medium with

[1] Hubbard M., Lateral Dynamics and Stability of the Skate- averaged values and a new type of mixture effect on each compo-
board // Journal of Applied Mechanics. 1979. Vol. 46. nent so called cluster interaction is proposed. The conditions are

P. 931-936. studied when averaged valugs p, E, U satisfy the system of
[2] Hubbard M., Human Control of the Skateboard // Joumalconservation laws as well as how these conservation laws corre-
of Biomech.f;nics 1980. Vol. 13. P. 745-754 spond to the component conservation laws. Not only new forces

F.i occur in the process of cluster interaction betwé&ncom-
[3] Ispolov Yu. G., Smolnikov B.A., Skateboard Dynamics // ponent and mixture but energy f|ux§gi acting on each com-
Computer Methods in Applied Mechanics and Engineer-ponent with velocity not eaqual to equilibrium one. The force
ing. 1996. Vol. 131. P. 327-333. F; and the energy flug, acting on continuum medium are con-

[4] Wisse M. and Schwab A.L., Skateboards, Bicycles andnected withF; and@,; by the equations
Three-dimensional Biped Walking Machines: Velocity-
dependent Stability by Means of Lean-to-yaw Coupling N
/I The International Journal of Robotics Research. 2005. F,=— Z oiFu: 1)
\ol. 24. P. 417-429. p

Alexander S. Kuleshov, Leninskie Gory, Main Building of MSU,
Moscow, 119992, Russia

N
Q.=—-> 0Qy @)
ON VIBRATIONS OF CONDUCTIVE BEAM WITH =1

MOBILE LOAD IN MAGNETIC FIELD. o , o _ o
To eliminate the violence i, Q, Fs;, Q,; determination they

KURILSKAYA N. F. supposed to be invariant to the Galilean transformation. It is
shown that after introducing new forces and fluxes the system
drean0@ol . ru . . . !
of mixture conservation laws is obtained as a sum of component
conservation laws. A conception of component non-equilibrium

It is c_on5|_deret_:i integro-differential _equatlon of cc_)nd_uctlve kinetic energy is introduced and additional equation for volume
beams vibrations in homogeneous stationary magnetic field ta‘?’ractions is proposed which closes the system of conservation
ing into account external function of excitation from given dis-{

. o aws and equation of state ¢f' component and does not restrict
placement of mobile load on the beam. By modified method o q P

L . - ) . he mixture properties.
division of variables some partial solutions of the problem is ob-
tained in analytical form as series under complementary restric- 1he work is performed under financial support of RFBR,
tions for sizes of active part of the beam. For different cases oProject No 04-01-00050
fixation of the ends of beam it is shown that action of mobile loadRussian Federal Nuclear Center - VNIITF, Snezhinsk, 456770
can appear only for separate frequencies of the beam. The resuftgissia
are compared with solution of the problem of natural vibrations
of conductive beam in magnetic field. Conditions of damping of
such perturbed action of mobile load by external magnetic field

were found. MICROSCOPIC DERIVATION OF EQUATION OF STATE
Natalya F. Kurilskaya, 46, Lenin Street, Barnaul, 656000, Russia FOR PERFECT CRYSTALS

VITALIY ANDREEVICH KUZKIN

HYDROMECHANICS OF MULTICOMPONENT kuzki nvagé@ail . ru
MULTIPHASE COMPRESSIBLE MEDIA
This paper is devoted to obtaining of thermodynamic equa-
V. F. KUROPATENKO tion of state for perfect crystals. The approach based on particles
dynamics method is considered. According to this approach it
is proposed to analyze the simple discrete systems as models of

Dynamic effects on muticomponent media take them out c)1materials behavior. Microscopic analogues of the macroscopic

equilibrium state and lead to relaxation processes when comp&uam't'es as stress tensor, pressure, volume and thermal energy

nents interact and interchange by momentum, energy and magke introduced. Averaging of such quantities is conducted. In

if chemical reactions take place. Usually the well-known modeldiS Way the desired equation of state in Mi-Gruneisens form
consider the interchange processes in the frames of pair comp!?— obtained. Analytical and numerical solut!ons are considered
nent interactions taking into account their special features (pa@d compared. In a case of small deformations the value of the
ticle size, surface purity, adhesion properties, etc.). The Worlgrunelse_ns parameter is found. It is shown that in a case of large
proves that the wide-used expression for intensity of momentunfj€formations the Gruneisens parameter depends on the thermal
interchange between components violates the invariance of eff"€rgy and the Gruneisens equation of state is loosing sense.
ergy equation respecting to the Galilean transformation. In thid/italiy A. Kuzkin, Polytechnicheskaya, 29, St.-Petersburg,
place a tensor of strains external 6 component is proposed 195251, Russia
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INTERACTION BETWEEN SURFACE CONDITION AND

FATIGUE LIFE 1
ne + V{((h 4+ 1) (ua + (2o + 5(h —))V(V(hua))+
H. LEITNER W. EICHLSEDER 1o, 1,4 9
+(52a = (A" = hn+17))V(ua)))) = 0

It is well known that the surface condition influences signif- (
icantly the fatigue behaviour of components. Therefore a large
number of surface treatments based on mechanical, thermal or 1. 5 2 1 2
. ! . v o a uav Vua, + = V hua + vua +
chemo-thermal effects were developed in the past. This paper (2( I I ) (V(hua) +1 )
. ) . 1
focuses on the gvaluatlon of mechanical surface treatments'. Al V(20 —1) (aV)(V (htta)) =1 = AV ttat +V (httat))) = 0
though mechanical surface treatments are commonly used in en- 2

gineering practice for their beneficial effect on fatigue life, only  \yherey; displacement of water surface; t time; h unperturbed

few quantitative data is available from literature. This contribu-depth of basin; g gravitational acceleratian; horizontal vector
tion presents results of a long-term program that aims at develogss speed on depth = z, = —0,531h, V = (-2, -2) horizontal

ing quantitative de-sign guidelines for the influence of mECha“bperator of gradient. Conservation laws ?gr’ %Jass and angular
ical surface treatment on fatigue life of compo-nents. For thiSyomentum are valid for this system accordingly.
purpose, experimental work and numerical simulations are per- |t js used for precomputations of the characteristics of tsunami
formed in paral-lel, giving a detailed understanding of the effectsyt various coasts necessary for optimum planning for expedition
of mechanical surface treatments on surface roughness, residu inspection of traces of tsunami. The data of inspections are in
stress distribution, and resulting fatigue strength. the consent with predictions of theoretical model. The distribu-
Florian Gruen, Franz Josef Strasse 18, Leoben, 8700, Austria tion of heights of waves along coast Guadeloupe also is proved by
the numerical accounts, executed by us. The detailed description
of results of expedition and modeling can be found [1].

1
Uat + (Ua V)Uq +gVn+za(§ZaV(Vuat) +V(V(huat)))+

VOLCANIC TSUNAMI IN THE CARIBBEAN SEA: THE

ANALYSIS AND MODELING REFERENCES
LEKANOV A. K. KozELKOV A. S. KURKIN A. A. [1] Pelinovsky E., Zahibo N., Dankli P, Talipova T., Koselkov
SAMARINA N. M. A., Kurkin A., Nikolkina |I., Samarina N. The tsunami

caused by eruptions of volcano on an island in the
Caribbean sea // Proceedings of the Academy of Eengineer-

ing Sciences. Applied mathematics and mechanics. 2004.
Soufriere Hills Volcano is located in a southern part of V.6. P. 31-59.

Montserrat Island. The height of a crater above a sea level about o ) . .
1000 (it changes in view of activity of a volcano). This volcano ~ANton K. Lekanov, Minina 24, Nighniy Novgorod, 603000, Russia
represents stratovolcano with the broken central crater and crater-

ing cupola. A diameter of a crater English 731 m, depth of 152

m. The active life of Soufriere Hills Volcano began from erup- ESTIMATION OF TSUNAMI HAZARD OF GUADELUPE

| ekanov@ocht a. ru kl mat @andex. ru

tion of July 18, 1995 and proceeds till now. The eruptions of a ON A BASIS OF NUMERICAL MODELING
volcano have resulted in catastrophic consequences for islands:

is completely destroyed and city of Plymouth; about 8000 men LEKANOV A. K. KozELKoV A. S. KURKIN A. A.
have left an island, having lost habitation and work; the economy SAMARINA N. M.

of anisland is in a crisis condition.
| ekanov@ocht a. ru kl mat @andex. ru

In this work the results of field researches of traces of tsunami
on Montserrat, Guadeloupe and Antigua Islands, caused by pro- grom the point of view tsunami hazard the basin of the
ceeding eruption of volcano on an island Montserrat in 1997 gipbean sea is one of the most dangerous places in all Atlantic.
2003 years are presented. The main result of expedition is thepe prognosis of tsunami risk of this region is extremely nec-
proof that the volcanic eruption on Montserrat Island, which ha%ssary not only in connection with high seismic activity of the
happened in 12-13 July 2003, in night, has caused tsunami regsen region, but also with a probable opportunity of eruption of
istered on Montserrat and Guadeloupe Islands. Height of wavggcanos, that, in turn, can become the reason of occurrence of
on Montserrat Island makes 4 m, and on Guadeloupe Island 1 Msunami, and such cases were marked in the literature.
The chronicle of volcanic eruptions on Montserrat Island is given Guadelupe Island with Maria Galanta, Desirade and Sintes Is-
also, the special attention is given to eruptions in 1997 and 2008,gs enter into archipelago Windward Island and are location in
which have brought in generation of tsunami. epicentre of the center of strong underwater earthquakes. The

For an estimation of parameters of tsunami arising at suclGuadelupe Island is located at the centre of one of the most seis-
eruptions, the mathematical modeling of distribution of tsunamimically active zones of Atlantic. The tsunami on this island was
is executed in the context of the nonlinear-dispersion theory. Theegistered each ten years in the past fiftieth anniversary, therefore
complete system of the nonlinear equations Boussinesque, whighis extremely important in details to investigate and to estimate
we used for modeling of tsunami looks like: danger of waves of tsunami to its coast.
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Thln the submitted work is _studled tsunami _danger of Gu_adelupe. PARTICLE SIMULATION OF GRAVITATIONAL
e method of the synthetic catalogue basing on numerical mod- COLLIDING SYSTEM ON PARALLEL COMPUTER
eling is applied for an estimation of risk of tsunami and tsunami

zoning. The numerical modeling was carried out within the ALEXANDER A. LE-ZAKHAROV
framework of the nonlinear theory of shallow water described by

the system: | ezah@rai |l .ru, volk_ilia@mil.ru

ILYA B. VOLKOVETS

The work is devoted to computational aspects of simulation
oM 0 (MN 0 (M? (1) of gravitational systems using method of particle dynamics. In
9t "y \ D 2w\ )T addition to long-range gravitational forces the short-range inter-

o gm? o action forces for modeling of particle collisions are considered.
+9D£ T opis M+/M? + N2 =0, The algorithms of integration of equations of motion and approx-
AN 8 /MN 5 /N2 an imate for(_:e calculations are analy_sed. As a result of the compar-
=4z (_> = <_) +gD "+ 2 ison of different methods for solving/-body problem a paral-
ot dy D 9y \ D Oz lel hierarchical method based on Barnes-Hut algorithm has been
n gm? MZ 1Nz =0, developed. This method has been implemented to run on su-

2D7/3 percomputer MBC-15000 which is multiprocessor system with
on  OM  ON the Message-Passing-Interface (MPI). The performance tests giv
- +——+—-—=0. (3) . . . .
ot oz y satisfactory results in comparison with other Barnes-Hut algo-
rithm implementations.

Application of the computational algorithms to the problem of
wheren - displacement of water surface; time, z - latitudinal  planet formation is considered. In particular, problem of Earth-
andy - longitudinal coordinatesD = h(x,y) + n - general  Moon formation as a result of rotational collapse of a dust cloud
depth of waterf - unperturbed depth of basip,- gravitational s peing modeled. The area of initial conditions in which the
acceleratioryn = 0.0025 coefficient of roughness of bottomt/  system evolution is in agreement with the geophysical model of
andN - components of the charge of water (integrated on depthfarth-Moon formation has been founded.
lengthways of latitudinal and longitudinal directions accordingly: Alexander A. Le-Zakharov, Polytechnicheskaya 29, St. Peters-
M =u(h+n), N =v(h+n), whereu andv - components of  pyrg, 195251, Russia
horizontal speeds of particles of water.

For modeling waves of tsunami was used batimetry of the
Caribbean sea, with a step two angular minutes on breadth both THE INFLUENCE INITIAL DAMAGING OF A
longitude and includingl001 x 568 (568568) points. Given MATERIAL AND UNLOADING WAVES
batimetry was given by the National Geophysical Centre of the
Data (NGDC) - ETOPEZ2. For the account of heights of tsunami,
along coast of an Guadelupe Islands, in everyone last sea point mat hkonda@ anbl er. ru
fixed maximal height of wave. Proceeding from a step of a grid
distance between "basic” points, made three kilometers, and the The influence initial damaging of a material on dependence of
depth was no more than 350 meters. Boundary conditions of diggarameter damaging from time is investigated. The experimen-
tribution of a wave, is the wall on depth of 20 m. As the meaningstal data for various constructional materials are considered and
of heights of waves strongly vary for various sources, owing tois shown, that the account initial damaging allows correctly de-
initial meanings and trajectory of distribution, the spatial distri- Scribe experiments on long durability when the dependence be-
bution of heights of waves for each case was normalized on theveen time before destruction and loading in logarithmic coordi-
maximal meaning overwash for the appropriate event. nates is not linear. The constant equations of Kachanov - Rabot-

. . s . . nov for such materials are determined. Unloading waves and
Comparing the received results, it is possible to allocate unique

int dyrocess of accumulation damages are shown. Process of accu-
area of an Guadelupe Island, not dangerous from the point : . . .
mulation damages connect with creation unloading waves. Ap-

view of tsunami, is an area from 10 up to 20 tide-gauge, i.e. from - . :
. - ; ropriate wave problems are solved. Possible wave profiles are
cities Veuks Burg up to cities Santa Rose. This area of coa: etermined

(between the specified cities along northern coast of "isthmus”)_". . .

) . . rigory Likhachev, no, Sankt-Peterburg, no, Russia
are in relative safety from waves of tsunami, due to the large coral
reef, which covers almost all area of a gulf Grand Cool de sak
Martin. The waves of the large amplitude, lose the most part of
the energy, falling on reeves by way of 2-3 kilometers from a
coastal line.

LIKHACHEV G. I. PETROVY. V. KASTANOV A. V.

SCALE EFFECT IN ELASTIC PROPERTIES OF
NANOSTRUCTURES WITH COMPLEX CRYSTAL

LATTICES
In the upshot, the results of accounts show, that practically all
coast of Guadelupe Island is subject to influence of tsunami be- OLGA LOBODA
hind exception only of one site, which, really, it is possible to | oboda_o@ri | . ru

rating to a class not dangerous - is western area of a gulf Grand

Cool de Sak Martin. Discrete mechanical model for nanocrystals with complex

Anton K. Lekanov, Minina St. 24, Nizhny Novgorod, 603000crystal lattices is considered. The complex lattices are typical for
Russia some metals and crystals with covalent bonds, such as diamond
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and graphite. Traditionally for description this kind of lattices functions have allowed one to calculate with the given accuracy
many-particle potentials are used. In the current paper the altethe stresses in the contact area of the plate and the dynamic safety
native approach is used. In this approach the rotational degreasargin of the thin plate.

of freedom are taken into account and the moment contribution in

interatomic interaction is allowed. In the paper the nanocrystals

with different number of atomic layers is considered and scaleRereRENCES

effect in elastic properties of nanostructures is investigated.

Olga Lo_boda, Institute for F_’roblems in Mechanical Engineering [1] A.A.Loktev, Elastic Transverse Impact on an Orthotropic
of Russian Academy of Sciences, Bolshoy pr.V.0.,61, St. Peters- Plate, Technical Physics Letters, 31(9), 767-769, 2005.

burg, 199178, Russia
[2] Yu.A. Rossikhin, and M.V. Shitikova, A Ray Method of

Solving Problems Connected with a Shock Interaction,
ELASTOPLASTIC MODEL OF IMPACT CYLINDRICAL Acta Mechanica, 102, 103-121, 1994.

INDENTER ON AN UFLYAND-MINDLIN PLATE . .
Alexey Loktev, Moiseeva 47-134, Voronezh, 394055, Russia

IRINA LOKTEVA ALEXEY LOKTEV

DEFORMATION AND LIMIT STATE OF SOLIDS WITH

The present paper is devoted to mathematical modeling of theSTRESS STATE DEPENDENT PLASTIC PROPERTIES

low velocity impact of a sphere on a thin elastic isotropic plate, EVGENY V. L OMAKIN BoRrISN. FEDULOV
whose dynamic behaviour is described by the Uflyand-Mindlin )
equations taking the rotary inertia and shear deformations into | omeki n@rech. mat h. msu. su

account and, therefore, these equations are wave equations. They
allow to assume that in a plate the transient wave of transverse 1Nhe plastic deformation of many materials involves not only
shear, because of which there is a deformation of a plate materifff€ slip of structural elements but the growth of existing micro-
outside of the contact area, is generated with final velocity. defects and the formation of new ones which cause the plastic
As a method of the decision the ray method and method offilatation of the materials. Since the behaviour of micro-damages
splicing asymptotic expansion received for small times in thedepends on th.e type .of external forces, the dilatation process is
contact area and outside of it are used. In the present work, tHt of purely kinematic nature but depends on the type of stress
procedure similar to the one proposed in [1] for the analysis oftate in solids, which can be characterized, on average, by the
transverse impact of a solid sphere upon an elastic buffer posfatio of hydr(_)stz_:ltl(_: component of stresses to the stress intensity
tioned on an elastic orthotropic plate, is used to the case of shodk@med the triaxiality of stress.
interaction of a solid body in view of a rod with a elastic isotropic A Possible approach to describe the plastic deformation of the
plate. The local deformations in the contact region are taken inthaterials under consideration is proposed. The plasticity con-
account in terms of two elastoplastic models, the Hertzs theorflition is accepted in corresponding generalized form which in-
and the rigidplactic model. cludes, as particular cases, many of the known plasticity condi-
During the interaction of the indenter with the plate, a qua_tions but it gives the possibility to take into account more wide
sitransverse waves representing the surfaces of strong discontin{@rety of material properties. The conditions for the unique so-
ity begin to propagate, and the reflected wave has not had time {gtion of boundary value problem are determined. On the base of
return to the boundary of the contact disk before the impact pro1:he associated flow rule, it is shown that the irreversible volumet-
cess completion. In the plate of the surface of strong discontinuitiriC deformation is proportional to the intensity of the strain rate
represent cylindrical surfaces  strip, whose generators are pardiUt the coefficient is dependent on the stress state type parameter.
lel to the normal to the median surfaces and guides locating if his coefficient has different values which are dependent on the
the median surface are circumferences extending with the norm&prrelation between normal and shear stresses in solids.
velocities. Behind the wave fronts, the solution is constructed in The system of the equations for the determination of the
terms of one-term ray expansions [2] whose coefficients are thétresses and the velocities in plastic regions is obtained for the
discontinuities in time-derivatives of the required functions. Tocase of plane strain. The problems of the punch indentation and
determine the desired values inside contact area the equations®f tension of notched strips are considered. The dependence of
motion the impactor and the region of bars contact with the platéhe limit state characteristics on the sensitivity of material proper-
are used. The dynamic characteristics are determined at splicirfi§s to the variation of the stress state type is studied. The method
on border of the contact area of the solution for required functiorfor the determination of continuous velocity fields characterizing
inside a contact disk and outside of it. As a result, we are ledhe medium dilatation is proposed. The strain rates are defined
to a system of two linear differential equations in the dynamiccompletely by kinematic conditions on the boundary of a solid
displacements of plate and the quasi-static strain of the plate mand they are consistent with the stress field in plastic regions.
terial in the contact region. The solution of these equations is This work was supported by RFBR (Grant No 05-01-00416)
found numerically by iteration Timoshenko scheme on computerEvgeny V. Lomakin, Faculty of Mechanics and Mathematics,
and the time-dependence of the contact force is obtained. Lomonosov Moscow State University, Vorobjovy Gory, Moscow,
The carried out numerical researches allow to make the cont19992, Russia
clusion about influence of parameters of a construction, includin@oris N. Fedulov, Faculty of Mechanics and Mathematics,
plates elastoplastic properties in the contact region, on dynamicomonosov Moscow State University, Vorobjovy Gory, Moscow,
characteristics of interaction. One-term ray series for the desireti19992, Russia
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phase layer allows estimating an interaction around and nearby
interfaces of nanoparticle and material matrix. It is worth noting
that the local interface effects are particularly important at high

FUZZY GENETIC ALGORITHMS FOR DESIGN OF
COLD-FORMED STEEL SHEETING

WEI LU PENTTI MAKELAINEN defect concentrations in the material and large size of surface-to-
_ _ _ . _ volume ratio that increase area of contact between nanoparticle
Vei.Lu@kk.fi Pentti.Mkel ai nen@Kkk. fi and matrix. Using these approaches the prediction methodology

and modeling tools have been developed by numerical simula-
Because of the high strength-to-weight ratio and ease of asions and analysis of the mechanical properties across the length

sembly, the profiled sheeting has been widely used for roofingscales. So, the generalized Eshelbys solution is given and asymp-
cladding and extended to floor systems in building constructionsiotical averaging technique of homogenization is extended on
Due to the variety of profiles available in the market, finding thethe higher-order continuum theory of the mediums, which al-
optimum shapes is necessary. In this paper, genetic algorithmew to take into account the specific properties of the interphase
are applied to optimize dimensions of cold-formed steel sheetindayer at modelling of the composites with micro- and nano- in-
The objective of the optimization is to obtain the optimum dimen-clusions. An important aspect of the model is also investiga-
sions of trapezoidal profiled steel sheeting that has the minimurtion of multi-scale cohesion and adhesion effects at the interfaces
weight subjected to the given constraints. In traditional optimiza-of nanoparticle-reinforced materials that are important for stress-
tion, these constraints are defined with crisp number. However, iBtrain relation between material phases. The model has been suc-
practical engineering, constraints with a small certain percentageessfully applied to modeling of mechanical properties (Young
of violation can be acceptable. At the same time, for a genetic almodulus) of nanoparticle-reinforced polymeric composites tak-
gorithm, variety is its innate nature. If some candidate solutionsng into account cohesion type interactions (see [2],[3]) and both
are thrown out because they violate one or more constraints dugohesion and adhesion superficial interactions [4], [5]. An advan-
ing the early optimization process, the important information thatage of proposed approach is computationally effective methodol-
eventually could lead to the optimal solution may also be throwrogy based on a fundamental theory of continuum mechanics. Us-
out. Although a feasible solution point should fall inside the fea-ing this research the prediction methodology and modeling tools
sible region, there can be a significant difference between the fétave been developed by numerical simulations and analysis of the
and near solution points from the region boundary. Thus, in thistress-strain-stress and mechanical properties across the length
research, steel sheeting is optimized to satisfy the constraints étales. In present work three approaches are developed: i) the
accordance with Eurocode 3, Part 1.3 considering the fuzzinesategral Eshelby formula is received for matrix with isolated in-
in the constraints so that the optimization is more practical fromclusion; ii) the generalized Eshelby solution for isolated inclusion
the engineering point of view. in matrix is found and generalized Eshelby matrix is established;
Wei Lu, Rakentajanaukio 4 A, Espoo, FIN-02150, Finland iii) the exact asymptotic average solution is also obtained on the

base of the procedure of asymptotic homogenization (Bakhvalov,

and Panasenko) for composite materials with periodic structure

THEORY OF THE INTERFACIAL INTERACTIONS AS in framework of the gradient model of interphase layer. For the
PARTICULAR VARIANT OF THE THEORY FOR solution of auxiliary problems arising here and for numerical sim-
CONTINUOUS MEDIA WITH KEPT DISLOCATIONS. ulation of the stress-state in framework of the model of interphase
APPLICATIONS IN MECHANICS OF MATERIALS. layer the block analytical numerical method[ref5] is used. This
method allows to calculate effectively auxiliary characteristics
SERGEY LURIE DMITRII VOLKOV-BOGORODSKII (components of stress tensor, energy in a cell, etc.).
PETR BELOV NATALIA TUCKOVA

|urie@cas.ru tuchkova@cas.ru REFERENCES

In the present research work the interphase layer an advancqq] Lurie, S. Belov, P. (2005) Theory of the media with kept dis-
continuum model is developed as a continuum media with field of ~ |5cations. Particular cases: Cosserat's mediums, Aero and

kept dislocations [1]. In framework of the interphase layer model  kyyshinsky’s mediums, porous mediums, mediums with
the local cohesion and adhesion effects between nanoparticle and  tyinning // Proceeding of the Conference "Advance prob-
matrix are described as the length scale effects. By the model |ems of the mechanics of heterogeneous media’, Inst. of
it was found that these effects could help to understand/predict  app|. Mechanics, of Russian Acad. of Scs., Moscow, pp.
macro/micro mechanics of the material, if the boundary condi-  235.268.

tions and interphase interactions are modeled across the leng
scales. This approach describes the kinematics of continuum me-
dia, the formulation of governlng.gquatlons (fu_ndamentals) a_md and Dispersed Composites’, Int J Comp Mater Scs, Vol.
the statement of boundary conditions for multi-scale modeling

of the material. The general mathematical formulation of cor- No.3-4,pp.529-539.

responding boundary-condition problem was determined by La{3] Lurie, S. Belov, P. and Volkov-Bogorodsky, D. (2003). 'Mul-
granges functional and corresponding Eulers equations based on tiscale Modeling in the Mechanics of Materials: Cohe-
the boundary conditions. An approach and the model has been sion,Interfacial Interactions’, Nanoparticles and Defects. In:
validated to predict some basic mechanical properties of a poly- ~ Wendland LW, editor. Analysis and Simulation of Multifield
meric matrix reinforced with nanoscale particles/fibres/tubes (in- ~ Problems, Springer, 2003; Vol. 12 pp. 101-110.

cluding carbon nanotubes) as a function of size and also dispef4] Lurie, S. Belov, P. and Tuchkova, N. (2005). 'The Appli-
sion of nanoparticles. Presented mathematical model of an inter-  cation of the multiscale models for description of the dis-

] Lurie, S. Belov, P. Volkov-Bogorodsky, D. and Tuchkova,
N.(2003). 'Nanomechanical Modeling of the Nanostructures
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persed composites’, Int. Journal "Computational Materialsnonlinear excitations in planar zigzag chain and arm-chair carbon
Science” A, Vol. 36, No. 2. pp.145-152. nanotube. Contrary to common approaches dealing with one-

[5] Volkov-Bogorodsky D, Evtushenko Y.G, Zubov V., Lurie S. dimensional models, full analytic dynamical description is con-
Numerical - analytical modelling of scale effects for disperseSidered with taking into account of geometric nonlinearity. In the
reinforced nanocomposites using block method//Computcourse of numerical study both sources of nonlinearity (geometric

Math. And Math Phys. Vol.46, No7,pp.1318-1337 and physical) were present. First of all, the dispersion curves have
been calculated on the basis of linearized equations of motion.

The characteristic points of these curves (more definitely - of
their optic branches) were selected to construct continuum equa-

Sergey A. Lurie, Vavilova str. 40, Moscow, 119991, Russia

COUPLED DYNAMIC INSTABILITY OF COMPRESSED tions describing slow modulation of corresponding periodic oscil-
THIN-WALLED STRUCTURES lations and waves. We derive three types of such equations two

of which describe predominantly longitudinal and predominantly
A.l. MANEVICH transversal displacements, third one being corresponded to more

complicated coupled motions. In all cases transition to complex
variables with following use of multiple scale expansions leads in
- . . . the main asymptotic approach to Nonlinear Schrodinger Equation
Dynamic instability of various thin-walled structures under gr two coupled equation of similar type. The localized envelope

harmpnlc axial _forc? has been well investigated for one-moda olitons (breathers) are particular solutions of these equations and
buckling. But in thin-walled compressed structures the specéh

trum of shortwave local modes is usually rather dense, an
natural frequencies for overall and some local modes can bS

eir implicit description is presented. The obtained analytic re-
ults were confirmed by the data of computer simulation on the
. T . basis of Molecular Dynamics procedure. Besides, we studied the
commensurable- their ratio in certain ranges of the COMPreSSVipiaraction of the breathers with thermal fluctuations. The effect
force can be_ close to 1:1, 2:1 and so on. Therefore the ext(_er-f physical nonlinearity in different thermal conditions was also
nal parametrical resonance may take place simultaneously wit Stimated.
internal resonances of various types - one-to-one resonance, a%onid 1. Manevitch Kosygin, 4, Moscow, 119991, Russia
toparametrical or combination resonance. ' ' Y ! '
In the paper the instability of a thin-walled bar under action
of axial force P(t) = Py + Py cos {2t is considered with tak-
ing into account the interaction of overall and local modes. It
is assumed that the bar has one axis of symmetry, and the natu-

ELASTIC PROPERTIES OF CLAY NANOPARTICLES
VIA MOLECULAR DYNAMICS SIMULATION

ral frequencigs for the oyerall mode.and cv.srtainllocal mode arfviazo M. A. SHAMAEV M. YU. GUSAROVA E. B.
close. Equations of motion are _derlved_ W|_th using assumpyorMANEVlTCH L.l BERLIN A. A. BALABAEV N. K.
that the natural modes of oscillations coincide with the buckling

d ! ’ ! RUTLEDGE G.
modes (it is the case, in particular, for simply supported bars).
The dynamic displacements field is expanded in a series in nat- mazo@ol yner. chph.ras. ru
ural buckling modes (the Koiter's type expansion for the static nmshamaev@ol yner. chph.ras. ru
buckling problem). The equations of motion in the first nonlinear gusar @ol yner. chph.ras. ru
approximation comprise quadratic nonlinearities due to the inter- _ | mnev@enter. chph.ras.ru
action of the modes. These equations have been solved by the bérli n@hph.ras. ru bal abaev@ npb. psn. ru
multiple scale method. Equations of amplitude-frequency modu- rutledge@rt. edu

lation have been obtained and analysed.

It is shown that the interaction of the external parametric and We present the results of detailed molecular dynamics study
internal resonances gives rise to complex nonlinear phenomenef full elasticity tensor of clay nanoparticles in wide temperature
The energy exchange between different modes can lead to appe&@nge. The calculations were carried out with single nanoplate
ance of new steady-state coupled oscillations (which can be redf pyrophyllite 2:1 clay mineral consisting of two tetrahedral
garded as synchronized vibrations in the overall and local modes§heetsSiO4 and the intervening octahedral she®Os. Con-
and to the nonstationary oscillations. Such a complicated behagidered model contains of one crystallographic cell in Z-direction
ior can cause loss of stability in certain mode because of accum@nd 45 similar cells in the XY-plane. Full number of atoms in the

lation of energy on this mode. calculation cell with periodic boundary was 1800 atoms. Simu-
Department of Computational Mechanics and Strength of Struclations were performed in temperature interval 100-700 K using
tures, Dniepropetrovsk National University, Ukraine ionic-type potentials [1]. The mechanical properties of nanoplate

were calculated from force-displacement curve obtained at rela-
tively slow rates of deformation. The influence of temperature

DISCRETE BREATHERS IN NONLINEAR DYNAMICS on structural parameters (interatomic distances and angles) was
OF PLANAR ZIGZAG OSCILLATORY CHAIN AND analized. A special attention was paid to analysis of the struc-
CARBON NANOTUBE ture of the tetrahedral and octahedral sheets [2]. The results are
L 1. MANEVITCH V. V. SMIRNOV compared with data obtained with using other types of force field

(but obtained for room temperature only) [3]. We have shown
that calculated data are in good enough accordance with the re-
sults of the paper [3] in which the hypothesis of orthotropy was
accepted. Besides, we estimated the components of elasticity ten-
We present analytical and numerical study of short wavelengtlsor caused by the deflection of clay nanoplate from orthotropic

N. N. BALABAEV M. A. MAzoO K. Yu. KOSEVICH
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crystal. Comparison of external (boundary) stresses and imemal\/IODELING OF FATIGUE CRACK PROPAGATION ON

stresses and calculated with using Virial theorem in the condi-
. . - ) . THE BASE OF CONTINUUM DAMAGE MECHANICS
tions of shear loading has allowed to estimate an effective thick- AND NON-LOCAL CRITERIA

ness of nanoplate. This result enables to obtain the explicit values
of elastic modulus as well as those of elastic compliances. We
studied also the structural transformations caused by loading and
thermal fluctuations to distinguish the molecular mechanisms of
deformation (in particular the contributions of tetrahedrons and
octahedrons in the structural changes and accumulation of elastic Simulation of fatigue crack propagation is considered within

BORISE. MELNIKOV ARTEM S. SEMENOV

energy). the framework of non-local continuum damage concept. In the
The study was sponsored by the CRDF (project RUC2-26269€veloped crack growth model both rate and orientation of crack
MO-04) propagation are governed by an evolution of one scalar damage

variable. Non-local (integral or gradient) criteria of damage ac-
cumulation allow to take into account sensitivity of crack propa-
gation rate to the material microstructure, that is especially actual
for the short crack propagation analysis. Different variants of
weight functions introduced in non-local criteria are considered.
) o The comparison of 1D and 2D averaging for damage has been
[1] R.T. Cygan, JJ Liang, A_G: Kalinichev, Molecular mod- performed. The problems of fatigue crack growth at semiplane
els of hydroxide, oxyhydroxide, and clay phases and the,nq 4t sharp-notched specimen are analyzed. The possibility of
development of a general forcefield. Journal of Physicalig,44-jike crack propagation at sharp notches is explained on the
Chemistry, 108, 1255-1266, 2004. base of developed model. Comparison of numerical results and
experimental data has been presented and discussed.
Boris E. Melnikov, Artem S. Semenov, St.-Petersburg State Poly-
technical University
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[3] O.L.Manevitch, G.C. Rutledge, Elastic Properties of a Sin-
gle Lamella of Montmorillonite by Molecular Dynamics FRONT PROPAGATION IN REACTION-RANDOM
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Mikhail A. Mazo, Kosygin str. 4, Moscow, 119991, Russia .
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DYNAMICS OF ORBITAL SPACE TETHERS We consider a system with a large number of individuals which
react and disperse according to a random walk. The dynamical
DAvID MCKENZIE MATTHEW CARTMELL evolution of the system is described by traveling wave front prop-

agating with a constant speed. By using the Hamilton-Jacobi for-
malism, we show how to obtain the front speed in terms of the
parameters related to the reaction and dispersal processes. Some

biological applications are also discussed.

Large structures in space are an essential milestone in the pa\tﬁcente Mendez, Josep Trueta s/n, Sant Cugat del Valles, 08190
of many projects, from solar power collectors to space station : ' ' ' '

- o S‘Spaln
In space, as on Earth, these large projects may be split in to more
manageable sections, dividing the task into multiple replicable
parts. Specially constructed spider robots could assemble these
structures piece by piece over a membrane or space-web, giving

a method for building a structure.

d. ntkenzi e@rech. gl a. ac. uk
mat t hewc@rech. gl a. ac. uk

WAVE MECHANICS OF STRUCTURES AND
STRUCTURAL MATERIALS

The dynamics of the space web with the spider robots crawling ANDREI'V. METRIKINE
over the membrane are investigated, in an attempt to quantify the -
perturbations that the robots will impart on the structure. The A Metrikine@udel ft.nl
equations of motion of the system will be numerically simulated

. " Wave phenomena play an increasingly important role in rail-
to give the forces and position of membrane. b play gy Imp

way engineering, offshore engineering and material science. The
Control and stability of the space web will be critical to many high-speed railway lines allow the trains to move as fast as the
applications, such as solar power generation, and this will be alyaves propagate in the ground and in the overhead power lines.
fected by the moving spider robots. Control strategies will bejn this sjtuation, such phenomena as wave resonance and wave-
investigated to give limits on the robot motion and to find if it is jnduced instability are the factors that govern the railway system
possible to coordinate the robots to counteract the external fOfCQﬁynamics. The offshore oil/gas exploration platforms move to

on the space web. extremely deep waters and to the arctic environment. This en-
David J. McKenzie, Room 429, James Watt South Building, Unihances the importance of such phenomena as the flow-induced
versity Avenue, Glasgow, G12 8QQ, United Kingdom instabilities of flexible pipes that rise the hydrocarbons and water
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from below the see level to the platforms. These instabilities can and Structures. 1995, vol. 32, no 1, pp. 105-115.

be due to the flow through the pipes, or due to marine currents. [2] Knowles J.K. A note on elastic surface waves. Journal of
The latter may cause the virtually unavoidable vortex-induced vi- Geophysical Research. 1966, vol. 21, no 22, pp. 5480-
brations, which for deep-water pipes turn into the vortex-induced 5481

waves. Also, design of offshore units capable of withstanding ) )

the arctic environment is a huge challenge, a part of which is [3] V- M. Belubekyan, M. V. Belubekyan Three dimensional
a correct prediction of the dynamic ice-platform interaction. The problem of Reyleight wave propagation. Rep. NAS of Ar-
new structural materials, such as on-cite compacting concrete and ~ Menia, 2005, vol. 105, no 4, pp362 368.

fiber-reinforced concrete are often subject to damaging dynamigayig Mheryan, Bagranyan, Yerevan, 375, Armenia

excitations from the nearby traffic, landing planes, high-speed

trains, etc. The damage can be enhanced either by external res-

onances or structural resonances in these highly-heterogeneoMsODELING OF POLYDISPERSE GAS SUSPENSION BY

materials. "PARTICLE IN CELL” METHOD
In this presentation, an overview of recent projects and results
are presented of the Wave Mechanics group of TU Delft. The talk MINAEV V. S.

touches upon dynamics of high-speed railway lines, flow induced
vibrations of flexible structures in water and modeling wave prop-

agation in heterogeneous materials. The focus is placed on the . . .
) The paper is concentrated on modeling the gas suspension flow
recent achievements and challenges, namely on: (1) 3D mod-

: . ; . . in atmosphere that describes explosive volcano eruption. We
eling of the dynamic response of high-speed railway lines ac- . :
. . : ; ome from the premise that the products of volcano eruption are
counting for spatially discontinuous sleeper-ground contact; (2 . - . )
he gas suspension of polydisperse particles of dust which are

wave induced parametric resonance of a moving current collec- . oo .
Spherical in shape and have heat capacity similar to solid products

tor as it interacts with a periodically suspended contact wire; (.?’)of volcano eruption. Accordingly gas and dust behavior in atmo-

early unobserved aperiodic unstable behavior of a free-hangin . - .
. - . . here and upper part of volcano canal during explosive eruption
submerged pipe aspirating water; (4) modeling of vortex-induce S . o
were modeled. Volcano eruption is examined in instantaneous

vibrations of and waves in flexible structures in currents; (5) de- . . . . L

. . destruction approximation of a partition, which divides gas sus-
velopment of a dynamically consistent causal model of heteroge- ~~ . .
neous materials pension located in crater and heated to magma temperature from

Andrei. Metrikine, Delft University of Technology, Faculty of unperturbed atmosphere. Mathematical model is described by

Civil Engineering and Geosciences, Stevinweg 1, 2628 CN Delf{neChamCS eguatlon of .polydlsperse gas suspension. Unhkg the
The Netherlands models considered earlier, where gas suspension was constituted

by the particles of one and the same radius (monosidperse), we
take into account that particle mixture is consisted of several sorts

VS_M nayev@ ccc. edu

ON THE PROBLEM OF PROPAGATION OF SURFASE of particles with different radius and various macrocharacteris-
WAVES IN TRANSVERSALLY ISOTROPIC MEDIUM tics, such as speed and energy. At the same time we assume that

density is equal for all dust particles, because the particles are

D. H. MHERYAN V. M. BELUBEKYAN consisted of one and the same material. To do a sum of non-

davi drher @i | . ru stationary equation system we used particle-in-cell method that

is widely applied to solve problems in dynamics of gases. The

The problems of propagation of elastic surface waves in 4nain point of particle-in-cell method is that it allows to split the
transversally isotropic half space with two variants of conditionsinitial nonstationary equation system into physical processes. At
at the boundary of half space are considered. The investigéhe same time the whole calculated field is divided into a sys-
tion of problems is simplified by introducing potential functions, €M of large particles coincided at the prescribed time with Eiler
which are analogous to the problems of plane deformations [1]grid cells. The calculation of every time step is divided into three
In the case when all three stress components at the boundary 8{¢ges. At Eiler stage we assume that there is no mass flow over
half space are equal to zero the conditions of existence of sufh€ border, but take into account the effects determined by the
face waves are obtained. For example for Ti(Titan) the surfacdorces of pressure, interface and gravity. At Lagrange stage the
wave does not exist and for Be(Berilium), cd(Cadmium), the sur€ffects connected with mass transfer between cells are calculated.
face wave exists. Particularly, in the case of isotropic medium thé\t the third, the last stage, the equation with laws of conservation
known generalization of Rayleight plane deformation problem isof mass, impulse, and inner energy of gas and dust particles is
obtained [2]. When at the boundary the normal component ofolved. At this stage the final value of gas-dynamic parameters
stresses, one of tangential stresses and one of tangential displa@éflow are determined. The problem was modeled for three dif-
ments are equal to zero the new dispersion equation is obtainedereént cases: when gas suspension is consisted of particles with
When ratio of wave numbers is equal to zero the equation of firsimilar radius, a mixture of particles with two and three differ-

problem is obtained. Particularly, in the case of isotropic mediunfnt radius. It should be noted that in the first case the equation
the equations from [2,3] are obtained. system includes eight equations, in the second case it is consisted

of 12 equations, and in the third case it contains 16 ones. Un-

dertaken calculations demonstrate the dynamic of spreading the

REFERENCES pressure blast over the surface of Earth depending on the distance
to the place of volcano eruption. It is a common knowledge that

[1] Wang Z., Zheng Balin The general solution of three- the blast formed by eruption is the main struck reason. We deter-
dimensional problems in piezoelectric media. Int. J. Solidsmined that the form of the surface of spreading pressure blast is
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close to hemispheric. It allows to predict the possible destructionstick and slip zones of the contact area. This investigation was
from the blast formed by explosive volcano eruption. The calcusupported by Russian foundational for basic research (grant No
lation shows that the turbulences are formed during the develo®4-01-00766 No 05-08-18204).

ment of gas suspension flow. The comparison of three concernelexey Morozov, prospect Vernadskogo 101 bilding 1, Moscow,
cases was also made. The dependence of the main characteristld9526, Russia

on the initial boundary conditions of volumetric concentration of

particles with different radius is observed.

Vladimir S. Minaev, Kashirskoe highway 31, Moscow, 115409, EXAMINATION OF NETWORK-STRUCTURE OF

CARBON BLACK REINFORCED RUBBER

Russia
I. A. MOROZOV A. L. SVISTKOV B. LAUKE
NONLINEAR WAVES IN LIQUID FILMS ON SPINNING i | ya. mor ozov@nai | . com svi st kov@cnm ru
DISK | aukeb@ pf dd. de

E.I. MogiLEvsKY V. YA. SHKADOV This work presents a computer model of rigid filler frame-

eugi nenog@rai | . ru shkadov@rech. mat h. nsu. su work in rubber. Structural characteristics of the obtained material
are examined. Algorithm of constructing single fractal carbon
Nonlinear waves caused by hydrodynamic instability of a lig-black aggregates and connecting them into a rigid framework,
uid film on a spinning disk are considered. The liquid is fed neawhich determines the mechanical properties of the material was
the center of the disk with a constant flow rate. described. Using different filler fractions, bound rubber layer,
The problem is reduced to a system of evolution equationst_rapped rubber and filler volumes were obtained. These results
Structures of nonlinear waves and conditions of their appearand&ere compared with experimental data from different authors. It
are interpreted in terms of the systems solutions. The basic s#éas shown that bound rubber layer with a thickness of 7 nanome-
of dimensionless parameters governing the formation of the maiters and more begins to play a decisive role in the mechanical
flow and the waves is stated. The method developed can be usegoperties of the material. Using uniaxial deformation of a hexag-
to find the radial coordinate of the instability origin, waves fre- onal material cell, the minimal bound rubber volume which is
quency and phase velocity. By this approach the nonlinear wavedyawn off to provide fourth and more ratio of elongation was es-
formation from small initial disturbance can be simulated numertimated. It was shown that when large elongations take place,
ically. The supporting surface shapes influence on the waves dytructure of filler-network in the reinforced elastomer changes
namics is investigated. Numerical calculations have been pragreatly. The research was supported by the Russian Foundation
vided. The experimental data for wave front shapes and amplifor Fundamental Research and Perm Regional Department of In-
tudes and the corresponding numerical results have been corflustry and Science (grant 04-01-96058).
pared with well enough agreement. llya A. Morozov, Academ. Koroleva str. 1, Perm, 614013, Russia
The research was supported by the Russian Foundation for Ba-
sic Research (06-01-00778)

Victor Y. Shkadov, Vorobjevy gory, 1, Moscow, 119992, Russia ADVANCES IN NANOMECHANICS AT THE RUSSIAN

ACADEMY OF SCIENCES (MECHANICAL DIVISION)
2004-2005

THE WEAR OF VISCOELASTIC BODIES IN
ROLLING/SLIDING CONTACT N. F. MOROZOV R. V. GOLDSHTEIN

nor ozov@ML016. spb. edu
ALEXEY MOROZOV
In the lecture an analysis of application of solid mechanics
to the problems of nanotechnology is presented. A new actual

The wear of viscoelastic bodies modelled by a body of Kelvin&SPects for research is proposed. ) )
is considered using analytical methods of investigation. It is supN'F' Morozov, St. Petersburg State University, IPME RAS, St.

posed, that the wear process is caused by the fatigue, so the d:’ee_tersburg, Russia
pendence of the intensity of the wear process on contact pressure

nor ozoval exei @andex. ru

Pisgiven by the relatior% = Kp“ whereK anda parameters STABILITY ANALYSIS OF THE HELMHOLTZ
of frictional fatigue of materialh linear wear,, a way of slid- OSCILLATOR WITH TIME VARYING MASS
ing. In this work two cases of contact interaction rubbing body

are considered. The first case is the sliding contact of the rigid RICHARD A. MORRISON

cylinder and the viscoelastic substrate. The pressure distribution
and the contact area, which is the zone of the viscoelastic body
wear, are obtained. The influence of sliding velocity on pressure
distribution is analyzed. The wear of the viscoelastic substrate
is calculated. The second case is the rolling contact of the vis- i+ Bi+x—a° = Fsinwt,

coelastic cylinder and the rigid substrate. It is considered, that

wear process is caused by the slip phenomenon, which occuksiown to Naval Architects as the Helmholtz-Thompson equation,
in rolling contact, so the wear takes place only in slip zones ofprovides a simple archetype to study the phenomena of escape
contact area. Two-dementional contact problem is solved to finfrom a potential well. Following the work of Thompson [1] it

The Helmholtz oscillator
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has been much discussed in the Naval-Architecture literature asiacaused by high rigidity of short chains of macromolecules link-
phenomenological model of ship capsize in beam seas, see [2].ing the neighboring particles, and the second by elastic prefrac-
Motivated by the problem of a progressively flooding ship, ture reinforcement of elastomer macromolecules.
we consider periodic time varying mass as a simple first case in The three-dimensional variant of the model is developed to cal-
progressing towards the more general problem of mass variatioculate the dependence of mechanical properties of composites on
In the linearised system the dynamics are equivalent to those diller concentration. Numerical results are in qualitative agree-
Ince’s equation and we demonstrate that the system exhibits conent with experimental observations.
existence, see [3] and map the regions of parametric resonance. This work is supported by RFBR and the Department of In-
In the nonlinear system we use the Melnikov function to pro-dustry and Science of Perm Region under grant "Urals - 2004”
vide conditions on the parameter space for homoclinic tanglindNo. 04-01-96038.
and the associated phenomena of basin erosion. We show th@tetlana E. Evlampieva, Korolev Str.,, 1, Perm, 614013, Russia
the linear parametric instability does not have any effect on the
nonlinear stability. Further we show that the frequency of mass
variation is critical in determining the effect on basin erosion.  IMAGING OF STRUCTURAL PHASE TRANSITIONS IN
MONOCRYSTALS OF CU-AL-NI WITH SHAPE
MEMORY EFFECT BY PHOTOACOUSTIC

REFERENCES THERMOELASTIC MICROSCOPY
[1] J.M.T. ThompsonChaotic phenomena triggering the escape KYRILL L. MURATIKOV ALEXEI L. GLAZOV
from a potential wellProc. R. Soc. Lond. A, 421:195-225, VLADIMIR |. NIKOLAEV SERGEIA. PUL'NEV
1989. kI m hol o@rai | . i of fe. ru
[2] J.M.T ThompsonDesigning against capsize in beam seas:
Recent advances and new insighippl. Mech. Rev. 50:307- During the last decade a great attention has been paid to inves-
325, 1997. tigation of materials with the shape memory effect. The interest
[3] RH. Rand. Lecture notes on Nonlinear Vibration to these materials is concerned with their unique mechanical and
http://www.tam.cornell.edu/randdocs/ 2002 physical properties which gives an opportunity for a great veriaty

of practical of practical applications of these materials. One of the
Richard A. Morrison, Ladywell House, Ladywell Road, Edin- mostimportant mechanical properties of materials with the shape
burgh, EH12 7TF, United Kingdom memory effect is their capability to large reversible deformations.
Large reversible deformations are coupled with the spatial phase
transitions of the martensite phase in these materials. Therefore,
SOME PECULIARITIES OF ELASTOMER the essential efforts have been directed on investigations of struc-
REINFORCEMENT BY NANOPARTICLES tural phase transitions in materials of this type.

Optical methods are widely used at present for visualization
of structural phase transitions and different phases of materials at
microscopic and mesoscopic scales. To increase the contrast of
these images to different phases optical methods are usually used

The structural model of elastomeric nanoparticle-reinforcedn combination with the preliminary etching of the surface of a
composite is offered. The basis for modeling is the assumpsample. Additionally digital processing of the obtained optical
tion that the attachment between the elastomeric matrix and thienages is necessary for improvement of their contrast.
filler is not absolutely rigid, and the matrix, subjected to inter- In this work the possibility to use photoacoustic thermoelastic
phase shear loading, is able to overcome the adsorption adhesioricroscopy for visualization of the martensite structure in Cu-
and move over the filler surface without being fractured. TheAl-Ni crystals has been investigated. Some preliminary results in
proposed approach allows reverse structural rearrangemant at uhis field have been presented by us in the article [1]. In our work
loading and provides an explanation of experimental observationse had an opportunity to obtain photoacoustic images of inves-
unclear up to date: recovery of primary properties after cyclictigated objects directly under external loading. Modifications of
tests at large hysteresis losses, extremely high initial elasticitthe martensite structure in the Cu-Al-Ni alloy were detected and
moduli, and some other problems. imaged by photoacoustic microscopy at different external load-

Mechanical peculiarities of the model are represented by: 1)ng. It was demonstrated that photoacoustic microscopy is able
an elastic spring simulating the nonlinear enthropic resistance db detect structural modifications in the Cu-Al-Ni alloy with the
elastomeric molecules, and 2) effective interphase friction modhigh spatial resolution. It was also shown that photoacoustic im-
eling adsorption adhesion between rubber and the surface of fillexges provides better contrast in comparison with the optical ones
particles. especially at the initial stage of the phase transformations.

Applying the tensile force to substrates simulating the parti- This research was supported by the Russian Foundation for
cle surface causes the elastic extension of the spring in the gdpasic Research.
between substrates and its step-by-step sliding in the gap. The
mathematical model, describing such a mechanism, allows for
the structural reversibility of hysteresis and makes it possible tREFERENCES
clarify experimental results that are still obscure.

The model indicates the availability of two mechanisms re- [1] K.L.Muratikov, A.L.Glazov, V.1.Nikolaev, and
sponsible for reinforcement of rubber: initial and final. The first S.A.Pul'nev, Technical Physics, 76, 130, 2006.

V. V. MOSHEV S. E. B/LAMPIEVA
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Kyrill L. Muratikov, loffe Physical-Technical Institute, Poly-

tekhnicheskaya 26, 124021 St.Peterburg, Russia INSULIN FIBRILS INTERACTION MODELING AND

INVESTIGATING.

IRINA NEYGEBAUER VADIM TSAPLIN
FINITE ELEMENT MODELLING OF PIEZOELECTRIC

DEVICES WITH TEMPERATURE EFFECTS

ANDREW V. NASEDKIN In the current work insulin fibrils behavior and possible ways
] of fibrils organizing are modeled and investigated. The aim of the
nasedki n@math.rsu.ru present study is to determine whether any forms of fibrils orga-

nizing are possible and what these forms may look like.

The thermopiezoelectric problems are considered for analy- |n the current work standard methods of molecular dynamics
sis of piezoelectric transformers and smart-devices with tempeigre ysed. We represent fibrils as thin stiff beams with weight
ature effects. In classical coupled system of thermopiezoelectriggncentrated in their ends. Computer simulation in C++ is used
equations the damping components are added. The finite elemejt model interaction between *fibril beams”. We apply in turn
formulation of coupled thermopiezoelectric problems in generatyo different types of potential functions to represent Van der
case and in the case of partial relatedness is obtained. Waals interactions between fibrils endings. By putting our objects

For finite element analysis of piezoelectric devices with tem-of investigation into electrical field (fibrils dipole moment given)
perature effects in computer package ANSYS we propose th@e are taking into account electrostatic interactions as well.
special techniques. As it was mentioned, ANSYS piezoelectric Having subject of investigation biological objects (which fib-
finite elements do not have properties, which are necessary falls no doubt are), their modeling is supposed to involve many
carrying out coupled thermopiezoelectric analysis. Meanwhiledifferent aspects. But due to their complexity we should choose
in ANSYS itis possible to solve successfully the static piezoelecto highlight not all aspects at the same time, but only some of
tric problems with thermal stresses using coupled-field analysithem, so our modeling cannot pretend to give complete picture
technique. of the situation. By trying different approaches we’re aiming to

In more complicated way using additional macros in ANSYS come nearer to our goal - finding any forms of fibrils organizing.
it is possible to solve practically important problem about dis-Irina . Neygebauer, Polytechnicheskaya str. 29, Saint Petersburg
sipative initial heating of piezoelectric devices under harmonic195251, Russia
vibration. In particular, having solved in ANSYS the harmonic

plezoe_lectrlc prc_)blem_by_standard way one can find the_ dl_spla}ce-DlRECT NUMERICAL SIMULATION OF TURBULENT
ment field. Using this field we calculate averaged dissipative

function. This dissipative function is further considered as ad- WALL-BOUNDED FLOWS: APPROACHES, METHODS

ditional thermal source in heat flow problem, which is solved in AND RESULTS.

ANSYS/Thermal. N. NIKITIN
This work is partially supported by grants of the Russian Foun-

dation of Basic Researches (No 05-01-00752).

Andrey V. Nasedkin, Stachki str., 200/1, Rostov-on-Don, 344090

; ' During the last decades, direct numerical simulation (DNS)
Russia

has been recognized as a powerful and reliable tool for studying
turbulent flows. Numerous studies showed that results obtained
by DNS are in excellent agreement with experimental findings,
if the latter are reliable. DNS-based studies are advantageous to
experimental methods in that a practically unrestrained, far more
detailed study of the flow field structure can be achieved. An-
other, perhaps even more important advantage is that DNS allows
exposure of new important physical mechanisms of turbulence
production and self-sustainability. However one major difficulty

Considerable effort has been spent during the last 100 years that arises with a numerical investigation of turbulent flow is the
understand the physicochemical basis of energy conversion argtesence of a vast, continuous range of excited scales of mo-
force generation in muscle; yet the molecular mechanism of musion, which must be correctly resolved by numerical simulation.
cle contraction remains an enigma. Here | propose a novel, conBNS of turbulent wall-bounded flows requires order Rework
prehensive molecular mechanism (The Rotation-Uncoiling-Tiltto resolve dynamically significant velocity fluctuations at large
Energy Storage Mechanism of Muscle Contraction) that explainReynolds numbers. That is why most of direct simulations are
all the biological and mechanical data to date without exceptiongestricted to low-Reynolds-number and simple-geometry flows.
and is in consonance with all the known laws and principles ofExisting approaches and methods for turbulent flow simulations
mechanics and dynamics. These insights elucidate the functionn ducts of different cross-section are discussed in present paper.
ing of this amazing acin-myosin nanomachine. It is also showrn brief overview of numerical algorithms developed by the au-
that currently believed mechanisms (e.g. the lever arm modelhor is presented. The results of several particular simulations are
contradicts the known principles of mechanics and hence needmalyzed. The mechanism of near-wall turbulence sustenance is
revision. The proposed mechanism is a step in this direction.  explained as well as the reason of turbulent secondary flow ap-
Sunil Nath, DBEB, IIT Campus, Hauz Khas, New Delhi, 110016pearance in the ducts with noncircular cross-section. The work
India was supported by RFBR under the grant No 05-01-00607.

THE ROTATION-UNCOILING-TWIST ENERGY
STORAGE MECHANISM OF MUSCLE CONTRACTION

SUNIL NATH
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Nikolay V. Nikitin, Michurinsky pr. 1, Moscow, 117192, Russia Nadezhda Y. Nikitina, 85 Belinskogo str., Nizhny Novgorod,
603024, Russia

INVESTIGATION OF STRESSED STATES OF

PIPELINES BY ACOUSTOELASTIC METHOD BROWNIAN DYNAMICS OF CONTINUOUS
DEFORMABLE MACROMOLECULAR MODELS IN
NADEZHDA YE. NIKITINA SHEAR FLOW

ws @ynano. nnov. ru JOHANNES M. NITSCHE

In time revealing of weak high-stressed parts of engineering ni tsche@ng. buffal o. edu
constructions provides the earlier prediction of their destruction
and elimination of further damage. It is strongly important for ~ This talk addresses the manner in which non-simple (non-
such objects as ships, submarines, airplanes, railways and traifgherical, deformable) models of dissolved macromolecules ro-
and other multielement structures. Some problems of relevarigte and deform in shear flow of the suspending solvent. To
prevision of dangerous stressed states of large-sized engineélate, the element of deformation has been modeled using dumb-
ing constructions may be successfully solved on a base of preéell and other bead-spring models that arbitrarily and artificially
cise ultrasonic measurements of materials acoustoelastic propéliscretize the molecular mass. We apply a new kinetic theory
ties [1]. The great importance of nondestructive evaluation off continuous deformational Brownian motion to study the more
stressed states of bridges, power stations, gas and oil pipelinesrgalistic problem of a sphere that can stretch through a contin-
evident, because the failure of those civil engineering construcdous family spheroidal shapes and bend through a continuous
tions leads to great amount of human victims and deterioration oiemily of kidney shapes. Hydrodynamic and energetic calcula-
environment. tions respectively determine the deformational diffusion coeffi-

The reliability of acoustoelastic manner for applied biaxial cient and macromolecular self-energy as a function of configu-
stress evaluation in magistral pipelines of large (820 1420 mmijation, and define the orientational-deformational diffusion equa-
diameter was proved experimentally. So, the diameter of stedion. Asymptotic and numerical procedures are applied to solve
pipes used in our experiments was 1020 mm and thickness frofffiis transport equation, and thereby determine the distribution
9 to 14 mm. The pipes were closed by special steel bottoms arfver angular and deformational coordinates, at arbitrary values
were exposed to inner pressure of water with additional controPf the Reclet number. Average rheological stress coefficients are
by ultrasonic method. The precise measurements of time-of flightlso computed. Although the elongational component of shear
of shear and longitudinal waves propagated across the plane 8pw especially excites the stretching mode, interesting analysis
stress acting were made before and during the loading. is also presented for a bending mode.

Special compact device IN-5101 produced by ENCOTES enJohannes Nitsche, Department of Chemical and Biological Engi-
gineering company was using in the experiments. IN-5101 realt€ering, Furnas Hall, University at Buffalo, State University of
izes the acoustoelastic effect, e.g. linear dependencies betweblgw York, Buffalo, 14260-4200, USA
elastic wave velocity and mechanical stresses, and provides re-
liable measurements of uniaxial and biaxial stresses in different
engineering materials under long-term load and different climate ESTIMATION OF TENSILE PROPERTIES USING
environments. The operation of IN-5101A is user-friendly in FINITE ELEMENT SIMULATION OF MINIATURE TEST
comparison to devices based on other physical principles (e.g.

X-rays). The advanced technology for nondestructive testing of G. PARTHEEPAN
mechanical stresses in engineering materials and pipelines wagpar t heepan@nmai | . com pr of sehgal @ahoo. com
used in our investigations. rkp@miitd.ac.in

The values of stresses acting along and across the pipe axes
(axial and circumferential stresses, correspondingly) were au- The present paper is aimed at determining the mechanical
tomatically evaluated in real time by the special computationaproperties such as elastic modulus, yield strength and the post
block, based on the theoretical studying [1] and placed inside thgield or flow behaviour of the material in a virtually non-
experimental equipment. The elasticity theory predicts for thedestructive fashion. Generally these properties are obtained by
thin pipe walls that the normal stresses are essentially smallesonducting the tensile test on the required materials as per the
than axial and circumferential stresses. So, the stressed state o$@mndard specifications. However to assess the present healthi-
small part of a thin envelope of the pipe is performed as in-planeness and condition of a in-service component, large size sam-
stress. The results of our investigations show that the observagles for carrying out the standard test cannot be taken out without
data are quite closed to the results of the solution of a problendestroying the component. In order to overcome this situation
which was founded by Habriel Lame in 19th century. The differ- miniature specimen test technique has been evolved. The minia-
ence between stresses evaluated by ultrasound and by theoretio@le specimen test techniques provides a way of obtaining these
computations, is not exceed 5-10 mechanical properties of components by consuming very small

amount of material than that required for a conventional test. This
has attracted the attention of many researchers in sub-size and
REFERENCES miniature test techniques such as tensile, Microhardness, small
punch, bend, fracture toughness, impact and fatigue etc. [1] In
[1] Nikitina N.Ye. Acoustoelasticity experience of practical the present study a new dumb-bell shaped miniature specimen
use. N. Novgorod: Talam. 2005. 208 p. (in Russian). has been designed. The proposed miniature specimen is very

D.K. SEHGAL R.K. PANDEY
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easy to fabricate. It also has additional advantage in finite elefrequency response has been obtained and ranges of stability and
ment modeling with respect to computational time and memoryinstability have been found out.

space. The miniature specimen is designed such that it experi- The problem of stability loss of a cylindrical whirling moion
ences in-plane tensile load through the loading pins. A simplénas been investigated, too. It has been shown that different sce-
experimental setup is also designed to perform the test on thearios of stability loss could take place. For some range of
miniature specimen. the spin speed, jump phenomena and bi-stability occur, but the

Finite element simulation of the miniature test is also carriedsteady-state motion remains to be the forward synchronous cylin-
out for a specimen made from a die steel. Finite element analdrical precession. For some other values of the angular velocity
ysis was performed by using commercially available ABAQUS stability loss is accompanied by inducing hyperboloidal preces-
implicit code [2]. The comparison of load-elongation diagramssion, when the surface traced by the "non-deformed” shaft is one-
obtained from the finite element and from the miniature test issheet hyperboloid. The threshold angular speed for autovibration
also done. It is observed that there exist a good agreement blas been found. By computational modeling the limit cycles have
tween the finite element and miniature test results. Like wisebeen built. It has been shown that the chaotification of the limit
finite element analysis is carried out on number of materials haveycles could take place. The results of numerical integration re-
ing different material properties and a data base is created usingeal the transition "chaos to chaos”.
differentinput parameters (tensile properties) and the correspond-
ing output load-elongation diagrams obtained from finite element
analysis. Now for an unknown material, miniature test is con-REFERENCES
ducted on miniature specimen is fabricated from the unknown
material using the developed test setup. The resulting miniature[1] |.A. Pasyncova, Stability loss of conical precessions of an
test load-elongation diagram is obtained. Now by comparing the unbalanced rotor supported in quasilinear elastic bearings
miniature test load-elongation curve with the finite element data /I Vestnik of St-Peterburg University, 2005, series 1, issue
base the mechanical properties of the unknown material is ob- 2, p. 113-121 (in Russin).
tained.

The proposed scheme for prediction of material properties
could be very useful where the amount of available sample vol-
ume is less or at locations where adverse condition prevails or at
situations where the standard testing technique is not feasible.

[2] ILA. Pasynkova, Whirling Motion of an Unbalanced Ro-
tor in Linear and Nonlinear Elastic Bearings // 7. Magde-
burger Maschinenbau-Tage. 11.-12. Oktober 2005 an der
Otto-von-Guericke-Universitaet Magdeburg. Tagungsband.
2005. p.143-148.

Inna A. Pasynkova, Universitetsky pr., 28, Saint-Petersburg,
REFERENCES Petrodvorets, 198504, Russia

[1] G.E. Lucas, Review of Small Specimen Test Techniques

for Irradiation Testing, Metallurgical Transactions A, 21A,  REDUCTION OF MULTIDIMENSIONAL FLOW TO

1990, 1105-1119. LOW DIMENSIONAL MAP FOR PIECEWISE SMOOTH
[2] K. Hibbit, and Sorensen Inc. ABAQUS STANDARD, ver- OSCILLATORS

sion 6.4, USA, 2003.
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E. PAVLOVSKAIA J.ING M. WIERCIGROCH

CYLINDRICAL PRECESSIONS OF AN UNBALANCED
FLEXIBLE ROTOR SUPPORTED IN NONLINEAR

Dynamics of the piecewise smooth nonlinear oscillators is
ELASTIC BEARINGS

considered, for which, general methodology of reducing multi-
dimensional flows to low dimensional maps is proposed. This
includes a definition of piecewise smooth oscillator and creation
i p@ pl157. spb. edu of a global iterative map providing an exact solution. The global
map is comprised of local maps, which are constructed in the
The forward synchronous whirling motion of a statically and smooth sub-regions of phase space. To construct the low dimen-
dynamically unbalanced rotor supported in non-linear elastisional map, it is proposed to monitor the points of intersections
bearings has been studied. The rotor is assumed to be a fousf a chosen boundary between smooth sub-spaces by a trajectory.
degrees-of-freedom Jeffcott model, i.e. a rigid body with axialThe dimension reduction is directly related to the dimension of
symmetry carried by a flexible massless shaft. Rotation occurs dhe chosen boundary, and the lower its dimension is, the larger di-
constant spin speed. The behaviour of the shaft is assumed to beension reduction can be achieved. Full details are given for two
linear. The elastic bearings are isotropic and the Hertz's contactystems: a drifting impact oscillator, where the five-dimensional
is considered. Viscous external and internal damping are takefiow is reduced to one dimensional (1D) approximate analytical
into account. Self-centring effect has been confirmed and limmap, and a piecewise linear oscillator with symmetrical ampli-
iting radii for the shaft ends and mass centre’s orbits have beetude constraints, where 2D map is constructed and verified ex-
computed. It has been shown that for a special set of parameteperimentally.
the forward whirling motion could be cylindrical, as the surface Ekaterina E. Pavlovskaia, King's College, Aberdeen University,
traced by the "non-deformed” shaft is a cylinder. The amplitudeAberdeen, AB24 3UE, Great Britain

INNA PASYNKOVA
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TSUNAMIS IN FRENCH WEST INDIES (LESSER INTERCONNECTED SPATIAL VIBRATIONS OF

ANTILLES) HELICAL SPRINGS
EFIM PELINOVSKY NARCISSEZAHIBO ANDREI POLISHCHUK
ANDREY KURKIN IRINA NIKOLKINA

aakurkin@mil .ru ini kolkina@mail.ru

Interconnected spatial vibrations of helical springs are ana-

The historical data of tsunami manifestation in the Frenchlyzed on the basis of Kirhhoff-Klebshs equations by small vi-
West Indies is collected, analyzed and discussed. The data bFation superposition on terminal displacements. The features of
tsunami in French West Indies can be found in various literaturéhin helical beam allowed constructing the fundamental solution
sources [1] [4].In total, more than 50 events were recorded irmatrix for all three characteristic equation roots variation ranges.
this area for the last 300 years; seventeen (17) events of tectoniavo types of end conditions are realized: the fixed ends and the
origin, seven (7) events of volcanic origin, two (2) teletsunamispivot ends that corresponds to sinusoidal vibrations. The prelim-
and more than 20 meteotsunamis. Highest values of the tsunarimary compression and spin of a spring are taken into account. To
heights have been recorded in the northern Guadeloupe (Basdénd the natural frequency the characteristic and boundary equa-
Terra Island). This study constitutes a preliminary analysis ofions must simultaneously be inversed into zero. The calculation
tsunami risk in the French West Indies. of frequency spectrum and its analysis is fulfilled by using 5 prob-
lems: frequency spectrum at sinusoidal vibration type (generat-

ing solution), the calculation of local extreme points of charac-
REFERENCES teristic equation (they correspond to nonpropagating modes that
have zero group velocity), the calculation of frequency spec-

[1] K.F. OLoughlin, J. F. Lander, Caribbean Tsunamis, a 500-trum for fixed restraint at symmetric and antisymmetric vibra-

Year History from 1498-1998, Kluwer Academic Publish- tions, construction of mode forms. All types of special vibra-
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FATIGUE ANALYSIS OF SHIP STRUCTURES: mental frequencies of transverse and torque vibrations. During
APPLICATION OF "STRAIN-LIFE” CRITERION testing for resonance (in March 1985, Renoult company) reso-
nances at the range af— 50H z were not detected. The com-
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L L . . ) acteristic equation local maximum of upper branch the multiple
The Strain-Life criterion is applied to assess fatigue life of a,oq4nances are not formed. The transition of Euler buckling fail-

fast ship hull structural details of the family frequently affected | o into the local one with regard to preliminary spring spin was
by fatigue. The criterion-based approach operates with fatig“‘achieved by dynamic method.

life measured by initiation of fatigue crack at a stress CONCeNAndrei D. Polishchuk, Studencheskaya, 7, Izhevsk, 426069, Rus
tration, with the local stress flow intensity characterized by thesia

scale factor of the long-term statistical distribution of an arbitrary

(nominal) stress, and with theoretical stress concentration factor

representative for the geometry and local modes of loading. For OBJECTORIENTED MODELS AND METHODS OF
convenience of analysis, a "AS - Kt - N/No” diagram is devel- SOLVING CONTACT MECHANICS PROBLEMS IN

oped. Key words: Fatigue crack initiation, Local strain approach, ELASTICITY-PLASTIC STATEMENT
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main problems of modern Mechanics of Deformable Solid Body,analytical results are received in a case when inertness of an en-
being the one of contact interaction. Complexity of these probvironment is not taken into consideration.

lems stands for the variety of approaches and mathematical met- Polyakova, P. Dyatlova, V. Chaikin, St-Petersburg State Uni-

ods used to solve them [1, 3, 4]. When designing complicateqersity of Technology and Design, Bolshaya Morskaya St., 18,
engineering constructions a number of different Comp“ter'a'de@t.-Petersburg Russia

design complexes are used. System FORTU-FEM is a univer- )

sal computing system of computer-aided design (CAD) of comEkaterina V. Polyakova, Bolshaya Morskaya St., 18, St-
plex engineering constructions and installations which enableEetersburg, 191186, Russia

computerization of all design stages [2]. The analysis of con-

tact bodies interaction including plasticity phenomenon specifies

the research, thus making it substantially different form the one
aimed at researching bodies interaction including other phenom- STUDY OF CHANGES IN THE BOND ENERGY OF

ena. The main aspect of solving contact problems in elasticityHYDROGEN IN METALS UNDER THERMOMECHANIC
plastic statement is the necessity of calculating nonlinear corre- LOADING

lations. FORTU-FEM system enables effective solving contact
problems of solid body mechanics both in linear and physically
nonlinear statement. The solution is reached by way of substi-
tuting initial physically nonlinear statement with iterative succes-
sion of linear problems. Moreover, iteration is organized both for o method for analysis of experimental dynamical curves of
zone precision as well as defining the zones of plasticity. Theigh temperature vacuum-extraction is developed, which allows
research describes the object-oriented model of numeric Calc‘b’etermining the binding energy and diffusion constants of hydro-

lations qf mgc_hanics contact problems_in_elasticity-plastic _stategen in the probe under study. The experimental data have been
ment using finite element method, that is implemented basing 0fp;gined using the measuring complex, which allows conduct-

FORTU-FEM, a universal computer-aided design system in Maji the absolute measurements of the dynamical curves of high-
chine building and construction industries. temperature vacuum-extraction of hydrogen from a solid probe.
The measuring complex was applied for studying the defect struc-

ture of materials undergoing fatigue cracking and uniaxial ten-
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Polishchuk Irina, Zgukovskogo, 66, Zaporozhzhye, 69063,

Ukraine The problem of stability of a compound pipe-in-pipe cylinder

under external pressure is investigated within spatial theory of
elasticiy. The cylinder contains initial strain due to the difference
between outer radius of the inner pipe and inner radius of the
outer pipe.

IMPACT OF AN INERT BODY INTO A SOFT SHELL

E. POLYAKOVA P. DvATLOVA V. CHAIKIN
The equations of neutral balance, linearised boundary condi-
tions and conditions at the border of two pipes are derived using
) . . o . the model of an isotropic incompressible material. The subcrit-
_Motion of an inert flying body after its impact in & soft en- o5 gtate solution is obtained from the exact solution of a non-
vironment, and also calculations of deformations and the Stress§Siear Lame'’s problem for such a compound cylinder. Both plain
arising in the shell are considered. Itis supposed, thatin an '”'t'aAnd spatial instability of the cylinder are studied. The problem of

condition the environment has the spherical form and the body,jing the critical values of external pressure yields homogenius
further, moves along its radius. Itis supposed also, that the shell 'l§0undary-value problem for ODE-system.

indefinitely thin and does not resist to bending. The body is con- ) ) )

sidered as a inert point. As a result of the body moving the shellin FOr & number of popular material models in a wide range of
its vicinity becomes covered by axially symmetric wrinkles. The 980metrical parameters the numerical results are obtained. These
number of these wrinkles is indefinitely great, while their depth™®Sults make it possible to conclude on the influence of initial
is negligibly small. It allows taking into account only meridional Strain values on the critical values of external pressure.

stresses of the shell and simplifies calculations. Rather simpl@lexander V. Popov, 5 Zorge st., Rostov-on-Don, 344090, Russia
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ON DERIVATION OF MODEL EQUATIONS FOR SPACECRAFT FORMATION CONTROL AT
NONLINEAR STRAIN WAVES IN WAVE GUIDES SUN-EARTH L2 POINT

A.V. PORUBOV GIANMARCO RADICE

porubov@mat h.iof fe.ru

An approach is developed to obtain the model equations for The coordination and control of a constellation of spacecratft,
nonlinear strain waves using the boundary conditions on the laflying a few meters from one another, dictates several interest-
eral surfaces of the wave guides. It allows us to reduce the ding design requirements. During formation deployment, re-sizing
mension of an initial statement of the problem without use ofand re-orientation the spacecraft must reach their desired posi-
any "physical” hypothesis. As a result the governing equationdions withoutincurring in collisions or interfering with each other.
are obtained with required precision. The approach may be emthe method presented here, based on Lyapunov’s second theorem
ployed to describe both the longitudinal and shear waves. on stability, hinges on defining a potential function from the geo-

Instructive examples are considered, including free lateral Surr_\jetric configuration of the constellation together with any colli-

face rod and the rod interacting with an external medium. AlscSOn @voidance requirement. Large angle slews have been incor-
the equation for the rod with a microstructure is studied. TwoPorated into the control algorithm as well as plume impingement

dimensional problems are considered on an example of a pla@voidance. Reduction of fuel consumption, while taking into ac-

interacting with an external medium. count the attitude and position constraints will be demonstrated.

. . . Gianmarco Radice, Department of Aerospace Engineering,
More information about the approach may be found in the ) .
book [1] PP y GLASGOW, G12 8QQ, United Kingdom

DIFFUSIONAL AND MAGNETIC ROTARY
REFERENCES MICRORHEOLOGY OF COMPLEX FLUIDS

[1] A.V. Porubov, Amplification of nonlinear strain waves in YU. L. RAIKHER AND V. V. RUSAKOV
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Alexey V. Porubov, Polytechnicheskaya st., 26, Saint-Petershburg, Recent years are marked by bursting interest towards mi-

194021, Russia crorheology (MR) as a tool to explore complex fluids at the meso-
scopic scale. In a MR experiment, small (micron or nanometric)
solid particles (tracers) are embedded in a tested sample and then

EFFECT OF THE ADDITIONAL DEGREES OF the info on their dynamic behavior is collected and analyzed.
FREEDOM OF THE SYSTEM ON If the external forces are absent, the only mechanism inducing
SELF-SYNCHRONIZATION OF MECHANICAL the tracer motion is its Brownian diffusion. Sometimes, MR is
VIBRO-EXCITERS termed as "rheologic microscope”. Temperature-driven diffusion
MR is being developed in both translational and rotational vari-
MARY A. POTAPENKO ants. In the latter, one needs: (i) that the center of mass of the

observed probing particle should be kept in place and (ii) that the
particle should have an orientation-dependent "identificator” to
) o ) ) o monitor its rotation. Both conditions are exhaustively fit if polar-

_ Consideration is being given to self-synchronization of tWojzeq |aser tweezers technique is used with disk-like micron-size
similar _mec_hamcal wbro-excner_s, placed sym_metrlcally ON aparticles, see [1], for example. The light reflected from the disc
softly-vibro-isolated platform. It is known that in the case the ¢qge is employed to register the chaotic rotation of the tracer.
platform is a flatly-oscillating solid body, at Mr2/J (M being the cqrejation analysis of this signal contains information on the
mass of all the bodies of the system, r being the shift of the centetympex elasticity modulus of the tested fluid. However, to ex-
of mass of the rotors from the axis of rotation, J being the Mo 4¢t correct material data from the signal processing one needs
ment of inertia) it is only the counterphase synchronous rotation , adequate theory of the particle rotary motion. In the present
of the rotors of the exciters that is stable. Consideration is giveRyork we describe a new model for MR of a Brownian particle in
to the possibilities of providing a cophase synchronous rotation, \iscoelastic fluid. The model takes into account the two essen-
by means of introducing additional degrees of freedom either tqj) tactors: the particle inertia and the impediment of its rotations
the rotors of the exciters or by changing the number of the degreg, nsed by the orientation-dependent potential of the tweezers.
of freedom of the platform. For illustration we use the real data of Ref.[1]. Application of

The problem was solved by means of numerical simulation. Asan external force considerably modifies the tracer motion, and
a result, conditions have been obtained, under which the synchregme may easily benefit from that. One of the prospects is to use
cophase rotation of the rotors is stable. The simulation specifithe probes made of a ferromagnetic or superparamagnetic sub-
cally confirmed the result, obtained by means of analytic solutionstance. Then a regular motion is imposed on a nanoparticle con-
the stability of the indicated regime is of the type of a temporarytactlessly via an AC magnetic field, the response to analyze is the
stability. dynamic magnetization of the tested sample. In a natural way
Institute of Problems of Mechanical Engineering, RAS the task of interpretation of these data virtually coincides with
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the theory of dynamic magnetization of ferrofluids at high dilu- with special attention paid to the quantitative estimation of lo-
tion. We note that for the linearly viscous matrices the problemcal characteristics on the mesoscale level. Deformation patterns
is already solved. Meanwhile, a ubiquitous interest for physicsin planes oriented parallel and perpendicular to the axis of ten-
material science and biophysics is the rheology of complex mesion have been studied. Particular emphasis has been paid on the
dia, e.g. those possessing a dynamic memory (polymeric solunvestigation of individual contributions from different compo-
tions) and/or equilibrium elasticity (gels). Here the experimentnents of the stress and strain tensors to local and global response
as well as theoretical investigations are yet at the start. In the talaf the material. It has been shown that, due to its structural het-
an overview is given of the state-of-art in theoretical magneto-erogeneity, material on the mesoscale level exhibits a complex
microrheology. In the set of appropriate models we distinguiststress-strain behavior, with the stresses and strains in local ar-
two main classes. For the tracers of micron size the particle ineas (e.g. in the vicinity of interfaces) deviating from their aver-
ertia is essential. Here a number of strong and surprising effectage level by several orders of magnitude. The question how far
challenging experimentalists are predicted, see Refs. 2,3. Fawo-dimensional models can be used for the description of het-
smaller particles applicable is the inertialess limit, where strongerogeneous material behavior on the meso-scale level has been
simplifications making the consideration very clear are possiblestudied, using the metal matrix composite material as an exam-
[4]. We present the viscoelastic analogues of the magnetic reple. The computational analysis has shown that in the case under
laxation times, linear and quadratic dynamic susceptibilities, andtudy there is no reasonable qualitative and quantitative agree-
field-dependent rotary magnetoviscosity coefficients. Financiament between 2D and 3D stress-strain distributions on the meso-
support on the part of RFBR (grants No 04-02-96034 and Nascale level. The main reason of the difference between three-
05-02-16949) and CRDF (Award No PE-009-0) is gratefully ac-and two-dimensional results is a complex deformation behavior
knowledged. observed in the vicinity of interfaces in the 3D-case so that all

components of stress and strain tensors deviate widely from zero,

and, thus, make their contribution to the local values of the stress
REFERENCES and strain tensors.
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Institute of Continuous Media Mechanics, Ural Branch of RAS, Mathematical model of mechanical system including vibration

614013, Russia transport machine with self-synchronised vibration exciters and
material particle moving on its working surface is considered.
The model describes steady movement and transient dynamic

MESOMECHANICAL ANALYSIS OF DEFORMATION processes caused by machine start and impact loading. The dif-
AND FRACTURE IN HETEROGENEOUS MATERIALS ferential equations of this mechanical system movement are de-
WITH EXPLICIT CONSIDERATION FOR 3D rived. The results of numerical simulation of transient and steady
MESOSCALE STRUCTURE processes of particle are presented as plots that allow to analyse
transient dynamic processes in machine and their influence on
ROMANOVA V. A. BALOKHONOV R. R. dynamic parameters of particle.
var var a@ spms. t sc.ru rusy@ spns. tsc. ru Dmitry Y. Tarasov, Kolmogorov st., 66, Ekaterinburg, 620034,
Russia

In this contribution, a mesomechanical approach to simulate

the mechanical behavior with explicit consideration of the three-
dimensional structure is applied to study the elasto-plastic re-DYNAMIC PROBLEM OF THIN PLATES ON THE BASIS
OF ASYMMETRIC THEORY OF ELASTICITY

sponse of polycrystalline and composite materials under loading
(tension, compression, and shock wave loading). A procedure of
a step-by-step packing (SSP) of a finite volume with structural el-
ements has been used to design the composite structure consisting sl usi n@ahoo. com

of an Al(6061)-matrix with Al203-inclusions and polycrystalline

aluminum structure. A three-dimensional mechanical problem Lately, in connection with the modern problems of mechan-
of structure behavior under quasistatic and dynamic loading haiss of bodies with the microstructure micro and nanomechanics,
been solved numerically, using an explicit finite-difference codethe interest in momental mechanics of solid spheres and in the
Stress-strain evolution during loading has been investigated, withonstruction of simplified models on their basis grows signifi-
a comparison of meso- and macro-scale processes. The analyantly. The problem of the construction of the general theory
sis of stress and strain distribution in the bulk of the specimerof elastic thin bars, plates and shells on the basis of asymmet-
has been provided on the base of the mesomechanical concept (momental, micropolar) theory of elasticity plays a particular

SAMVEL SARGSYAN
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role. One of the main methods of the construction of the generahe elastic response of the film can be categorized according to
theory of thin bars, plates and shells on the basis of the classfim/substrate material properties. If the film is soft in compari-
cal theory of elasticity is asymptotic method. The present workson with the substrate stiffness (soft-film), usually the substrate is
is on the construction of the general dynamic theory of micropo-approximated as rigid and the analysis may be simplified. On the
lar plates on the basis of asymptotic method [1] of integration ofcontrary, if the film and the substrate elastic properties are compa-
the initial-boundary problem of asymmetric theory of elasticity rable or the thin film properties are stiffer respect to the substrate
in thin three-dimensional sphere of the plate. Three- dimensionghard-film), a correct evaluation of the mechanical behavior of the
equations, boundary and initial conditions of the linear dynamidndentation problem requires knowledge of the effects of elas-
theory of asymmetric elasticity with the independent fields of dis-tic properties of both the film and the substrate (Maugis 1999)
placements and rotation in three- dimensional thin sphere of plate In the present report an elastic tridimensional solution for an
are considered. Dimensionless coordinates and time are enterasotropic film coated on an isotropic elastic substrate subjected to
Dimensionless parameters characterizing elastic momental propn axisymmetric loading condition which simulates the presence
erties of micropolar body are entered too (these dimensionlessf an indenter of assigned form in a quasi-static indentation test is
parameters are of the type of physical-geometrical parameters asoposed. To find the solution in explicit way, two main assump-
they contain one of the geometrical sizes of the plate). The maitions are introduced; firstly, in view of the local character of the
small parameter is the relative thickness of the plate. Dependinindentation problem, we introduce a suitable parameter b repre-
on the values of the mentioned dimensionless physical parameenting the radius in which the contact phenomenon is contained.
ters of the defined dynamic problem of the asymmetric theoryin such a way, we write the components of the displacement field
of elasticity three different asymptotes are stated on the basis dfy means of Dini and FourierBessel expansions, so avoiding the
which three different applied two-dimensional dynamic theoriesuse of the Hankel integral transforms and, consequently, the prob-
of micropolar plate (with the corresponding quasi-static bounddem of their inversions (Yu, Sanday and Rath 1990). It is possi-
ary theory) are constructed. The first of these theories is thele to show, from a numerical point of view, that, under suitable
general applied two-dimensional dynamic theory of micropolarconditions, the specific value assumed for the parameter b is not
plates with free rotation, the second is the general applied tworelevant. Further, since the original mixed boundary value in-
dimensional dynamic theory of micropolar plates with the con-dentation problem leads to dual integral equations which, due to
straint rotation, and the third is off-beat force-shear theory (with aheir complexity, can be solved only numerically by means of
small shear-momental rigidity) of the micropolar plates. The cor-a Fredholm integral technique, we have changed the boundary
responding quasi-static boundary value problems of micropolaconditions by assuming a pre-assigned distribution of traction on
plates are constructed and studied. The problem of matching dhe free surface; this assumption is also introduced in the paper
the applied two-dimensional theories and boundary layers of mief Li and Chou (1997) within the framework of the Hankel in-
cropolar plates is studied. The boundary and initial conditions otegral transform technique (Watson 1944). So doing, we solve
the constructed applied two-dimensional dynamic theories of mithe elastic problem of a thin film coating/substrate systems under
cropolar plates are stated. The spheres of applicability of each gfrescribed axisymmetric load by using a Dini and Fourier-Bessel
the constructed theories of micropolar dynamic theories of platesxpansions for the radial and the vertical component of the dis-
are defined. placement field respectively. The elastic response of the film is
analyzed with two different interface conditions between the sub-
strate and the film to bound the real case: frictionless contact and
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CONVECTION IN A ROTATING CUBICAL CAVITY

G. A. SEDELNIKOV F. H. Busse D. V. LyuBiMmOoVv

sedel ni kov@su. ru | yubi mov@su. ru
AN INVESTIGATION OF THE PROCESS OF

PERCUSSIVE IMPULSE FORMATION AND

Convection in rotating systems has received much attention in
TRANSFERENCE IN THE THREE BODIES SYSTEM

recent years because of its unusual properties. An important dis-
covery has been made by [1] who demonstrated that the onset of
convection in a horizontal layer heated from below and rotating
about a vertical axis occurs at much lower Rayleigh numbers in

SEMENOV B. N. SUDENKOV YUu. V. (SPBU)
YUNGMEISTERD. A. BURAK A. Y. (SPMI(TU))

the presence of side walls than in their absence provided the rota- spm@ini corn. mat h. spbu. ru

tion rate is sufficiently high. This property contrasts with the case sudenkov@i i nm spbu. ru uda@pm .ru

of a non-rotating convection layer enclosed by side walls where uda@pmi . ru

the critical value of the Rayleigh number is always larger than in

an infinitely extended layer. The results of experimental research and theoretical analysis

A characteristic property of side wall supported convection isof the impact process in the three bodies system (shank-striker-
its propagation as a wave. The direction of propagation is giveipercussive piston) are given in this work. The results of exper-
by Q x 7i wherefi is the normal of the vertical side wall point- imental research of the collision process between two and three
ing into the fluid. The convection pattern travels uniformly asbodies at an average speed of 5-15 m/s are shown. The experi-
a sinusoidal wave along a circular side wall as assumed in thenental method allowed us to register with high time resolution
analysis of [1] or along a straight wall as assumed in the boundthe shock-wave processes at the block and to then analyze them.
ary layer analyses of [2]. But the question of the propagatiorAlso the method provided data about spectral and integral char-
of waves along inhomogeneous side walls has not been analyz@gteristics of the impulse processes, which are produced during
until now. Convection in a cubical box has become a standar¢he complex impact. It is shown, that in such an impact system
configuration for the investigation of the dynamics of convectionthe efficiency of impulse transmitting from the shank to the ore
in the presence of inhomogeneous side walls. Numerous studié®dy is much higher ( 30The results of research are proved by
have been performed on convection in cubes in the absence tie theoretical analysis of the solid bodies impact process taking
rotation ([3]; [4]). into account the contact interaction according to the Hertz theory

In the present paper we are focussing on this question by cor@ind the results of finite element modeling using the ANSYS/LS-
sidering the onset of convection and its nonlinear evolution in &2YNA programme. We also note that the full-scale investigation
cubical box heated (cooled) on its lower (upper) horizontal sideof such a system, applied at a standard perforator, proved the re-
and rotating about a vertical axis. The detailed numerical studypults of scientific investigations and gave almost twice as high an
of the natural convection in a rotating cubical enclosure at modore drilling speed (170
erate Rayleigh numbers has revealed the existence of three difuri V. Sud’enkov, Univercity pr.28, Petershof,St.-Petersburg,
ferent flow structures with their intrinsic behaviour depending on1980904, Russia
the values of the governing parameters. The critical Rayleigh
numbers for the onset of convection in the cubical cavity and the
associated frequencies have been determined. Of particular inte
est are the transitions from the oscillatory regimes of convection
to the steady regimes. It should be possible to observe these in
laboratory experiments. SERGEVYEVA. D.

ANALYTICAL SIMULATING OF THE
"TROLLEY-AND-WIRE DYNAMICS FOR HIGH-SPEED
RAILWAYS APPLICATIONS

REFERENCES We study theoretically a traditional engineering problem how

to achieve the optimal combinations of contact net parameters for

areliable contact between a high-speed current collector and con-

tact wire. Today semi-empiric standard-looking discreate models

are used for that. They allow solving some special questions for

[2] Herrmann, J. & Busse, F.H. Asymptotic theory of wall- operative devices, but if one need to vary the properties of a de-
attached convection in a rotating fluid layer. J. Fluid Mech.vice purposefully, it is very difficult, because of the necessity to
255, 183-194, 1993. work up and analyze a lot of data.

[1] Goldstein, H.F., Knobloch, E., Mercader, I. & Net, M. Con-
vection in a rotating cylinder. Part I. Linear theory for mod-
erate Prandtl numbers. J. Fluid Mech. 583, 1993.
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We propose a model to solve this problem in analytical style (1974), Sihna (1974), Lagasse and Oliner (1976), and Kaufmann
Ignoring some small terms in the strict mathematical descriptior{1998) for isotropic plates, and Norris (1994) for orthotropic
of the system “contact wire—trolley” the introduced model we ob-plates. Thompson et al (2002) considered edge waves on a thin
tain important analytical integrals. It allows to describe the mo-orthotropic plate where the edge is inclined at arbitrary angle to a
tion of the system by the equation of the Mathieu type equationprincipal direction of the material and demonstrated numerically
The most important coefficients, responsible for the contact nethat a unique edge wave existed for all values of angles and ma-
properties in the model, do not require an experimental correcterial parameters.
tion. It is well known that such equations have self-oscillationg In the case of general anisotropy, and when the mid-plane of
solutions. So the new model gives a possibility to study dynamicshe plate is a plane of material symmetry, Fu (2003) with the aid

of the Trolley-and-Wire system by semianalitical methods. of a Stroh-like formalism proved the uniqueness of edge waves
Alexander D. Sergeyeyv, Bolshoy 61, V.O., St. Petersburg, 178198nd suggested an algorithm to test its existence and to compute
Russia the edge-wave speed. Application of a Stroh-like formalism in

this work makes it possible to use ideas developed for the surface-
wave problem (Fu and Mielke 2002, Mielke and Fu 2003). The
Stroh formalism is a powerful tool in solving two-dimensional
anisotropic elasticity problems. The foundation for the theory
was laid down by Stroh in his papers in 1958 and 1968, a good
description and development of the theory can be found in Ting’s
seyran@ nec. msu. ru book (1996).
In our paper, we return to the assumption of isotropy but ad-
In the paper several classical stability problems are considerediress an aspect of edge wave propagation that does not seem to
the problem of a swing, the problem of a system with varyinghave been discussed previously, namely the effects of prestress
moment of inertia, and the problem of stability of an inverted on the edge wave speed. We assume that the prestress is a state
pendulum with vibrating support. These problems have been disf plane stress and that the wavelength of edge waves is large
cussed in the well-known book on stability and vibrations [1]. comparing with the plate thickness. As a result, we find with the
In all problems the periodic excitation function is assumed to beaid of a standard asymptotic expansion procedure that the flexu-
arbitrary and small damping is taken into account. New analytral motion is decoupled from the in-plane motion and the former
ical formulae for stability and instability (parametric resonance)can be described by the Kirchhoff hypothesis.
regions are obtained in three-parameter space. For some exam-As an application of the theory, the edge-wave speed is com-
ples it is shown that analytical and numerical results are in a goo@uted for a plate composed of a Mooney-Rivlin material that
agreement between each other. is subjected to a combined pure homogenous strain and simple
shear. Itis shown that there are strain states that made the edge
wave speed vanish that corresponds to the bifurcation condition
REFERENCES and edge wrinkling of the plate.
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ON THE BEHAVIOUR OF ELASTIC PLATES UNDER

Ukraine
VIBRATIONAL EXCITATION
EKATERINA V. SHISHKINA MATTHEW P. CARTMELL VAPORISATION RATE IN TURBULENT TWO-PHASE
shi shki na_k@ai | . ru, FLOW.
m cartnel | @rech. gl a. ac. uk MANDEEP S. SDHU A. A. BURLUKA

The problem concerning the influence of longitudinal vibra-
tional excitations on the stability of transversal oscillation within
a rectangular plate is under consideration. The plate is pre- Average vaporisation rate is modelled for turbulent two phase
compressed with constant force applied to two parallel edgedlow over arange of pressure and temperature conditions. Experi-
The problem is solved by means of the method of direct sepamental data from a premix duct with a flat-bed atomiser is used, in
ration of motions. This is one of the most powerful approachesvhich turbulent intensities and scales is a common feature. Based
for the investigation of the behaviour of mechanical systems suben Eulerian model, it is assumed that small-scale turbulence is re-
jected to high frequency vibrational excitation. As a result ofsponsible for vaporisation. In place of droplet diameter, average
the treatment the generalized formula is derived for vibrationaliquid surface area is considered in this expression. This alterna-
correction to the critical load. The formula is valid for certain tive formula, to classic Spalding-Godsave theory, predicts vapori-
types of boundary conditions, when the loaded sides of the platgation and Sauter Mean diameter in agreement with experimental
are simply supported and other edges are clamped, simply supesults.
ported, free, etc. The influence of boundary conditions on théMandeep Sidhu, Woodhouse Lane, Leeds, LS2 9JT, United King-
resonant effects in vibrationally excited plates is also discussedlom
The results that are obtained allow one to control the stability of
the system by choosing appropriate excitation parameters.

Ekaterina V. Shishkina, Bolshoy pr.,61, St.Petersburg, 199178, EXPERIMENTAL STUDY AND SIMULATION OF
Russia RHEOLOGY OF METALS UNDER

HIGH-TEMPERATURE PLASTIC DEFORMATION

DEVELOPMENT OF THE NOVOZHILOV APPROACH ALEXANDER S. SMIRNOV ANATOLIY V. KONOVALOV

TO THE DESCRIPTION OF LOW-CYCLE FATIGUE .
sm rnov@ mach. uran. ru avk@ nmach. uran. ru

V. P. SHNEIDER YU. A. CHERNYAKOV . . )
Metals under high-temperature plastic deformation are pre-
shnei der _vova@mil . ru sented as elasticviscoplastic medium, witch harden under effect
of plastic deformation and soften under recrystallization and re-
In V.V.Novozhilov and O.G.Rybakina’s work [1] the opportu- covery. In literature for the medium are presented constitutive
nity of creation of criterion of durability on the basis of the infor- relations which including kinetic equations and they describe
mation about plastic loosening for the first time has been provedecovery and recrystallization in different forms. Analysis has
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shown that appropriate describing of rheology of metals undedecomposition leads to the certain simplification of the material
complicated and wide range of change of speed of deformatioparameters identification process for the large blood vessels in
it is necessary to improve the received earlier constitutive relathe specified range of deformation. This research was supported
tions. The installation for experimental definition of dependenceby RFBR (05-01-00638).

of resistance to deformation from history of development of de-Arcady V. Sokolov, 5 Zorge str., Rostov-on-Don, 344090, Russia
formation is created in the Institute of Engineering science of the

Ural Branch of the RAS. The installation allows deforming spec-

imens up t01200°C. The experiments on compression or tens- MODELLING ELASTIC BANDS: FROM AN

ing of specimens are carried out in the installation. In the first ANISOTROPIC ROD TO A DEVELOPABLE SHELL

case specimens are heated up in the chamber electric furnace, in

second - contact electro heating. method of realization of ex- E. L. STAROSTIN

periments and computer program of processing of experimental e.starostin@iocl . ac. uk

data has been developed. elasticviscoplastic model of resistance

to metal under large high-temperature plastic deformations with A thin and narrow elastic band in equilibrium is modelled as
reference to processes of metal forming has been constructed. dtsolution to a variational problem with a functional which only
was suppose that elastic deformations are small and the Hookqﬁgpends on the Shape of the axial curve. The equ”ibrium equa-
law realize and plastic deformation - large takes place. The metajons are presented for a general form of the geometric functional
is plastically incompressible and the plastic strain rate is submityhich involves the curvature and torsion of the axial curve as well
ted to the associated plastic-flow law having a loading surface thais their derivatives with respect to the arc length. The model is
meets the Condition fOI’ the von Mises Criterion. A required fUnC-then Speciﬁed to the case of a thin anisotropic rod and asymptotic
tional in constitutive relations for the von Mises criterion is yield equations are obtained by letting one of the two bending stiff-
stress. The speed of change of yield stress is assembled of spagsks coefficients go to infinity. This corresponds to identification
of hardening and softening. For these components have been qff the principal axes of bending and torsion of the material with
fered differential equations describing of rheology medium. Thethe Frenet frame of the axis. While the arc length is conserved
hardening, static and dynamic recovery and dynamic recrystaljong the axial curve, the rest of the band’s ruled surface can be
lization is simulated. The viscous properties have described b¥tretched or contracted. In the other model, the band is assumed
nonlinear dependence from strain rate. The experimental dai@ pe an isometric embedding of a rectangle into 3D space. It
for some steel and aluminum alloys in a wide range of changeneans that the band is a piece of a developable surface. A lim-
of strange rate have been received. On these data the identifiGging case of an infinitesimally narrow strip is analysed first and
tion offered of rheological model of medium has been executedihen the band of finite width is discussed. Results of numerical
The influence of a deformation history on structure of alloys aﬂersomtion of the boundary value pr0b|em are presented for a range

deformation has begn investigated. _ of parameters and comparison of the models is performed.
Alexander S. Smirnov, Komsomolskaya 34, Ekaterinburgeugene Starostin, Chadwick Building - Gower Street, London,
620219, Russia WCL1E 6BT, United Kingdom
THE PROBLEM OF SPATIAL BENDING OF THE NUMERICAL INVESTIGATION OF CRACK DYNAMIC
NON-LINEAR ELASTIC TUBE AND ITS AND STRAIN LOCALIZATION IN GEOLOGICAL
APPLICATIONS IN BIOMECHANICS MEDIUM
ARCADY V. SOKOLOV Y URII STEFANOV
ar cady_sokol ov@mi |l . ru stefanov@spns.tsc.ru

Within the framework of the large deformation theory the In this work the development of bands of localized defor-
problem of spatial bending the tube, which is loaded by the in-mation and the formation of cracks in geomaterials under vari-
ner pressure, is developed. The material is assumed to be incoraus quasistatic and dynamic loading conditions have been simu-
pressible and transversally isotropic with the curvilinear axis oflated numerically. Patterns have been obtained on the formation
the material symmetry. The hypothesis of the additive decompoef systems of cracks around a fractured inclusion. The emer-
sition of the strain energy function to isotropic and anisotropicgence of Riedel bands of localized shear in a medium layer has
parts is employed. Spatial bending deformation is specified ilbeen modeled. The sandstone specimen fracture in compres-
the form of the two-parameter class of deformation, proposedion were study. Interaction of a tensile, shear and incline com-
by Professor L.M. Zubov. It is proved, that the achievement ofpress waves with the surface and tips of the crack and emission
mentioned deformation of the elastic tube under inner pressuref elastic waves accompanying the crack growth are simulated.
requires presence of outside force and outside torque on the facéave effects on the crack behaviour and stress state at the tip are
of the tube. Directing vectors of this force and torque is orthog-shown. Supershear crack growth are obtained. To describe in-
onal to the axis of the tube in the undeformed state. The tasklastic behavior of pressure-sensitive materials, the concepts of
being investigated is reduced to the system of PDEs with respegiasticity theory were employed. In the computations the Niko-
to three functions on two independent variables. The solution ofaevskii model with a non-associated flow rule is used. In the
this problem is of interest in connection with description of the course of plastic deformation damages are accumulated and vol-
mechanical behavior of human large arterial vessels in the physisme changes. Macrocrack opening and material fracture are de-
ological range. The hypothesis of the elastic potential additionascribed explicitly. For this purpose the node-splitting technique
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is used and the free-surface conditions are given on newly formeq\/lATHEMATICAL MODELS OF SOUND GENERATION

boundaries.
Yurii P. Stefanov, Akademicheskii, 2/1, Tomsk, 634021, Russia MECHANISMS IN GRAND PIANG

ANATOLI STULOV

EIGENSPECTRA AND EIGENSOLUTIONS OF STRESS stul ov@oc. ee
FIELDS NEAR THE CRACK TIP FOR POWER-LAW .
MEDIA The sound of the grand piano depends mostly on the sound-
board vibration energized through piano bridges by detailed mo-
STEPANOVA L.V. tion of strings excited by the impact of the hammers. There-
fore, the creation of good theoretical models of the hammer,
I st @su. samara. ru the hammer-string interaction, and the proper description of the

) ) ) conditions of string termination on the bridge are the important

Hutchinson [1], Rice and Rosengren [2] have derived the wellyoplems for determining the sound produced by a piano. Start-
known HRR stress field in the vicinity of Mode | and Mode Il jng from physical models describing the piano hammer, string,
crack tips in a power-law harderning material. They solved theyng pridge, this presentation is focused on the numerical simu-
governing nonlinear ordinary differential equations for the stresgation of interplay of those parts of the piano. Based upon the
function by a numerical procedure. Now the investigation of the|arge number of experimental data obtained using a special piano
damage creep, damage elasticity, damage plasticity coupleghmmer testing device, it has been shown that all the present-
boundary value problems requires the thorough analysis of thgay piano hammers have as a quality the hysteretic type of the
whole set of the eigenvalues of the stress field in the neighbortyrce-compression characteristics. Two mathematical hysteretic
hood of the crack tip in non linear power-law materials. Up 10 models were derived to describe the dynamical behavior of piano
now the eigenvalues for Mode | and Mode Il crack problems arg,ammer. The both models are based on an assumption that the
not known in the literature in an analytical form. It is 0bvious hammer felt made of wool is a nonlinear microstructural mate-
that the antiplane shear crack problem can shed light on the moigy possessing history-dependent properties. The experimental
difficult and important from a practical point of view Mode | and oyamination of the waves traveling along the string, and mod-
Mode I problems. In this gontribution singular.fields and hi.ghere“ng the string excitation by nonlinear hammer with memory
order fields near a crack tip in power-law media under antiplangjemonstrate that the real piano string is an almost ideal string,
shear are studied. Using the hodograph transformation [3] angg can be considered as a perfectly flexible. The observed phe-
the perturbation method [4].the whole set of.eigenvalue.s is deﬁomenon of the wave dispersion can be explained by the influ-
te_rmlned._ Here the comparison of the techniques con_5|dered Bhce of the frequency-dependent characteristics of the bridge ad-
given. Itis shown that these approaches allow to obtain the anyittance. The effect of the duplex scale and its tuning on the
alytical formulae for all the eigenvalues of the stress field neaggpje pridge admittance was also investigated. It was found that
the crack tip in power-law materials. Moreover, the perturbatione amplitude of the longitudinal motion of the treble bridge de-
method allows to find the eigenvalue for an arbitrary hardenlngp(_:.ndS on the lengths of the parts of the strings passing the bridge
exponent value if the eigenvalue for the linear material is specznq atiached to the hitch-pin rail of the frame. The mechanism
ified. Itis also demonstrated that the numerical integration of;5,seq the transformation of the transversal string vibrations to
the governing nonlinear differential equation by the Runge-Kuttane |ongitudinal bridge motion has been also considered. This

method and the shooting procedure gives us the same eigenvalygsiect was supported by Estonian Science Foundation through
set. One can conclude that unlike the hodograph transformanogrant No. 5566, and Tallinn Grand Piano Factory.

the perturbation technique can be used for estimation of eigenval-

Anatoli Stulov, Centre for Nonlinear Studies, Institute of Cy-
ues of Mode | and Mode Il crack problems.

bernetics at Tallinn University of Technology, Akadeemia tee 21,
12618 Tallinn, Estonia

Anatoli Stulov, Akadeemia 21, Tallinn, 12618, Estonia
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netic and electric complex problems can be easily simulated with

the usage of electroconductivity theory. MODELING OF BEHAVIOR OF POLYMERIC CHAINS

NEAR FILLER PARTICLES OF POLYMERIC

Eugene D. Sviageninov, Bolshoy pr., 61, St.Petersburg, 199178, NANOCOMPOSITES
Russia
ALEXANDER L. SVISTKOV LYubMILA A. KOMAR
BERND LAUKE GERT HEINRICH

komar@cmm ru
STRUCTURAL - PHENOMENOLOGICAL MODEL OF

HETEROGENEOUS MEDIUM In polymeric materials, the regions, in which polymeric chains
exist in the oriented state (have well-defined orientation) play
SvisTKov A. L. an essential role in the development of mechanical properties of

the composites. These regions may occur near the filler parti-
cles forming the layers with specific properties, or exist in the
form of supramolecular structures in the bulk of the polymer. In
The algorithm based on use the scheme of mechanical bgranocomposites the volumes of polymeric material involved in
havior of continuum for constructing a system of constitutive the layers near the filler particles are comparable with the volume
equations is applied to model mechanical properties of polymerigf the filler itself or even greater. The oriented regions of a crys-
nano-composites at finite deformations. The circuit consists ofalline polymer are rigid inclusions, which, in themselves, play
horizontally located elastic, viscous and plastic elements. Fofhe role of the material filler. Therefore, the analysis of mecha-
construction of the circuit one can also possible use transitivgisms responsible for the formation of the oriented regions in the
elements. Their physical meaning is consists in the establishpylk of the polymer due to introduction of the filling agents, vari-
ment of interrelation between structural and macroscopic deforation of temperature and deformation is an important problem of
mations of continuous medium. The use of transitive elementshe materials science.
allows us to model more precisely the mechanical behavior of The problem on modeling the layer formation near filler parti-
materials, taking into account the processes at the structural levgles due to potential interaction of the filler surface with the links
of nano-composites (such, as movement of polymeric chains igf the polymeric chains was considered. It was shown that thick-
layers around filler nano-particles, etc.). ness of such layers could be greater than 1 nanometer.

The condition is adopted according to which the performed A hypothesis was made suggesting that the appearance of lay-
work is independent of the type of stresses and strains (macr@&'s near the filler particles as large as 5 nanometers and more is
scopic or structural) in material elements used in calculation. Fothe sequel of the orientation effects. This phenomenon can be
elastic and viscous elements the equations of the classical theofypPlained by the fact that owing to the interaction of the poly-
of nonlinear elasticity and viscous liquid are used. The theory ofheric chains, the orientation of the polymeric chain links can be
plastic flow is applied to the description of properties of p|astictransferred from the oriented regions of the material to the neigh-
elements and proportional dependence between the rate of defdtoring regions. A mathematical model was developed to describe
mation tensor of the plastic element and the rate of deformatio#his phenomenon. It was based on the assumption that time vari-
tensor of medium is postulated. ation of the orientation tensor is determined by three factors: mu-

) ) . .. tual orientation influence of the polymeric chain links locating
Each of mathematical expressions in system of the constitutivg, neighboring regions, thermofluctuation growth of the chaos in

equations is responsible for quite specific mechanism of nanGne grigntation and preservation of part of already existing ori-
composite properties formation at the structural level of materialgiation. The analogous mechanism may control the growth of
It can be selected by a phenomenological way from the condition, yajae in spherulites of polyolefins.

of the best agreement with experimental data or be determined
from the structural models of the examined material.

svi st kov@cmmru
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at cyclic loading under finite deformations. The following pro-

posals form the basis of this model: the hypothesis about the

existence of glassy and viscous layers around the particles, the THE IMPACT OF TWO THERMOELASTIC RODS

information about structure of particle and the hypothesis of for-

mation of uniaxially oriented fibers of high durability in gaps be- ~ SYNOROV V. ROSSIHINY.A. SHITIKOVA M.V.

tween the particles under deformation. Synorov@nai | . ru shitikova@mail .ru

Universalization of this model on the case of a mixture of de-
formable and liquid continuums is developed for investigation of The problem on collinear collision of two thermoelastic rods
mass transfer processes in complex medium under final deformgossessing the same rheological parameters but of different
tions. length and temperature is considered, in so doing before the im-
gact the rods move unidirectionally along a common longitudinal
axis with distinct constant velocities. Lateral surfaces and free
ends of both rods are heat insulated, and free heat exchange be-
Alexander L. Svistkov, Academic Korolev Str., Perm, 614013tween the rods occurs within contacting ends. The rods’ thermoe-
Russia lastic behavior is described by the Green-Naghdy theory [1]. The
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ray method [2] is used as the method of solution allowing one t®f this intervals gives a value of the asymmetry parameter
obtain the longitudinal coordinate dependence of the desired valnfluence of modulation wittd. = 1 (absent of the asymmetry)
ues at each fixed instant of the time beginning from the momentvas investigated properly in [3].
of rods’ collision up to the moment of their rebound. Itis shown Maps of stability were constructed for different values of the
that the duration of rods’ contact depends not only on the initialksymmetry parameter, an amplitude of modulation and a constant
velocities of the impact, but also on the initial temperatures of thepart of gravity force. It was found that the asymmetry parameter
rods. The findings for the problem of the longitudinal impact of gives a vital reduction of a critical Rayleigh number which deter-
two elastic rods made of the same material with plane ends and ofiines a threshold of stability of the equilibrium state. Non linear
equal cross-section are presented in detail in [3]. To the authorggimes of unsteady convection were investigated by means of a
knowledge, similar investigation for two colliding thermoelastic mesh method for the case of the Rayleigh number grater a critical
rods has not been carried out, although the problem of impact afne. Integral properties of solutions (a middle value of the Nus-
a thermoelastic rod against a rigid heated barrier was considereslt number, a kinetic energy) were found for different values of
repeatedly using different theories of thermoelasticity [4-6]. the asymmetry parameter, the amplitude of modulation and the
Rayleigh number.
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COMPUTATIONAL EXPERIMENTS FOR
RANQUE-HILSCHS VORTEX TUBE

Vladimir Y. Synorov, ul. 20-letiya Oktyabrya, 84, Voronezh,
394006, Russia Ranques effect is a separation of rotated flux to two, one of

them has lower temperature, than entering flux, and the other
higher. Processes in vertex tubes are difficult to study, because

ASYMMETRICAL GRAVITY FORCE MODULATION complete description is based on movement and heat transfer of
INFLUENCE UPON THE CONVECTIVE EQUILIBRIUM compressible liquid.
STABILITY IN A LAYER The flow is considered laminar and axisymmetric. The solu-
tion is obtained from evaluation of Stocks equations. Calcula-
E. L. TARUNIN tions were made in terms of velocity components, pressure and

temperature. The variable mesh is used to obtain steady solution.
Barabash Nikolay, Shvecova 41-8, Perm, 614039, Russia

The first calculations of natural convection in a closed cavity
heated from below with an asymmetrical modulation of gravity
force are showed complex features of branching [1]. The nextPARTICLE DYNAMIC SIMULATION OF 2D DYNAMIC
steps were fulfilled for discovery of the situation. A similar mod- FRACTURE
ulation was tested for mechanical systems with one degree of
freedom. Review of these investigations was made in the paper
[2]. pavel t kachev@mil .ru

In the article a stability of convective equilibrium state of fluid
heated from below in a layer (Rayleighs problem) was investi- Spall fracture experiments allow obtaining high dynamical
gated for the case a asymmetrical modulation of gravity forcetension and fracture for various materials. The particle dynamic
The modulation was created by oscillations of the layer along thenethod is convenient to analyze kinetic processes in the frac-
gravity force. The asymmetry of the modulations was caused byure zone. This analysis is very difficult to perform using con-
different intervals of moving the layer up and down. A relation tinuum methods. In the presentation a 2D problem of a plate
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impact interaction is solved using the particle dynamic methodand in the wall of arterials deformation. Within the bounds of
An ideal single-crystal particle packing with Lennard-Jones andsuggesting mathematical model problem of the pulse wave trans-
Morse pair potential is used. Dependence of the deformation vemission is considered. And new features which illustrated by cal-
locity on the system geometry for computer and real materials isulations are obtained.

investigated. Rostov state university

Institute of Problems in Mechanical Engineering RAS

NON-EQUILIBRIUM PROCESSES INFLUENCE ON
BOUNDS ON EFFECTIVE TRANSPORT DYNAMIC RESPONSE IN METALS

COEFFICIENTS FROM COMPLEX INPUT DATA
Z. A. VALISHEVA N. B. VOVNENKO B. A. ZIMIN
U. B. SUDENKOV
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S. TOKARZEWSKI, B. GAMBIN, J. GLEWICZ

Composites are prevalent in both nature and amongst engi-
neered materials. Common metals, reinforced concretes, fiber

glasses, colloidal suspensions, ceramics, bones et cetera are ex-, . . . -
) . Experimental results and theoretical analysis of dynamic dis-
amples of natural and man-made composite media. Hence, th

p‘?acement of metal surfaces as well as acoustic driven pulse

prediction of a macroscopic behavior of composites, if propers o by short pulse heating of laser are presented here. Anal-

ties and microstructures of their constituents are known, is one_. . .
. . : im o?SiS of two thermo-elasticity problems has been carried out. The
of the most important problems of classical physics. The aim o

this paper is to predict the effective dielectric constart:(«w)) semi-space surface was affected originally by a pulse in the form

of a two-phase medium with coefficienis (w) and Az (w) as a of heat current in the first case _and by temperatu_re_pulse in
. the second one. It should be noticed that characteristic feature
function of a frequencw, wherez(w) = A2(w)/A1(w) — 1.

By starting from truncated power expansions of an effective OIi_of these problems solution structure is function delay. Conse-

. . . gtuently, transition time of stress compression to stress extension
electric constant of two-phase composite we establish the best.” . . L : : :
coincides with heating time, i.e. laser impact at the distance from

bounds on it as a function of frequency. To this end we use the " . . ;
emi-space surface. Laser affected displacement reaches its max-

new C-continued fraction technique developed by us. Numerlca?mum value during pulse heating time. In contract to the problem

evaluations of the C-estimates of the effective dielectric constants | . . . N :
. . Solutions, on practice significant inertia of thermomechanical re-
of checkerboard composite are provided

The work was supported by the Ministry of Science and In_sponse both for stress and strain was found. The transition pro-

formation Society Technologies (Poland) through the Grant Nr ess tlme found expe.rlmentally IS evgluated as s Comparlng
heoretical and experimental results it can be suggested that in

TO7A 053 28. . . S
case of sub-microsecond heating rate we face a non-equilibrium
process in which thermalization absorbed energy time period ex-
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We consider here the behavior of a pendulum with a vibrat-

ing axis of suspension which differs from the classical one by
MATHEMATICAL MODELING BLOOD MOTION IN the additional degrees of freedom: the pendulum contains a cer-
THE ARTERIAL MUSCLE VESSELS tain mass, fixed on a spring, which can transfer with respect to the
main mass in two mutually perpendicular directions. The analytic
solution of the problem in the special case of the purely longitu-
dinal oscillations of the additional mass had been obtained before
by I.I.Blekhman and L. Sperling by method of direct separation
The vessels in which muscular tissue as helical spiral is preef motions, i.e. on the basis of considering the so called equations
dominant are called muscle type vessels. Helical spiral of thef slow motions of the system. Unlike that, here, along with the
mechanical property is created by spiral position of the musculaindicated approximate equations, we have also solved the numer-
fibers. This fact provides a number of features in blood motiorically initial ("exact”) equations of the system, believing that the
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additional mass can transfer not only in the longitudinal direc-ization methods; 3) the formulation of the conditions providing
tion, but in the transverse one as well. Besides, an experimentahiqueness of the solution of the problems being investigated.
investigation has been made of the model of the pendulum on a The considered type of problems demands the approaches
vibrating stand, and in this case we have also studied a model withased on iterative procedure of the solution of some direct prob-
a double-sided catch of the course of the longitudinal oscillationdems with variable modules of elasticity. So, a way of construc-
of the additional mass, i.e. a system with impacts. The resulton of the linear operational equations for which both a method
of the investigation displayed a good agreement with the numeref the integrated equations and finite-element technology can be
ical solution, and both of them - with the solution, obtained byused for kernels determination is proposed. Examples of recon-
method of direct separation of motions. In particular, it has beerstruction of various types of discontinuities (inhomogeneities )
confirmed that the presence of an additional degree of freedom afuch as cavities and cracks and examples of identification of the
the pendulum leads, under certain conditions, to the instability ofnodule of elasticity and prestress for canonical domains are con-
the equilibrium positions which had been stable before, and vicaidered.
versa. It has also been confirmed that the stability region of thé\leksander Vatulyan, Zorge street 5, Rostov on Don, 344090,
upper vertical position can be essentially widened. Russia

The work has been carried out with the support of the Russian
Foundation for Basic Research (project 04-01-00053).

Alexander V. Chubinskiy, Locmanskaja, 3, Saint-Petersburg, DYNAMIC BEHAVIOR OF SOME ELASTIC
190008, Russia MECHANICAL SYSTEMS WITH SET-VALUED
NONMONOTONIC BOUNDARY CONDITIONS
TRANSIENT DYNAMIC PROCESSES IN TWO-MASS IGORN. WASSERMAN
VIBRATIONAL TRANSPORT MACHINE i gor w@ cnm ru
G. V. VASILYEVA S. A. RUMYANTSEV

The study of the systems, undergoing the loads, described by
the set-vaued relations, is one of the actual and intensively de-
veloping fields of mechanics. In these problems zero value of

Transient dynamic processes in two-mass vibration transpontelocity is mapped on the set of the force values. The structures
machine G.V. Vasilyeva, S.A. Rumyantsev which undergo dry friction forces and some pump systems, can

The system of differential equations describing the transienbe considered as examples of these problems. In the simplest
processes of movement of two-mass vibration transport machinease , such as Coulomb friction law, the force value during the
with self-synchronized vibration exciters is considered. The resliding phase is constant. In this case (and also for monotonic
sults of numerical simulation (modeling) of transient processeyelocity-force relations) we come to the solution of the dynami-
of machine movable and damping parts are obtained. The deal variational inequality. The solution of this inequality can be
pendence of transient processes on the ratio of forced and naturgduced to minimization of convex nonsmooth functional on each
oscillation frequencies and on the correlation movable and damgime step. However, for the actual friction law tangential force de-
ing parts masses are shown. The effectiveness of machine vibraends on sliding velocity. As a rule, this velocity-force relation is
tion isolation is evaluated. The results are illustrated as plots fononmonotonic. The nonmonotonicity of the friction law leads to

analysis of transient dynamic processes. additional computational difficulties. In this case, inequality to be
Sergey A. Rumyantsev, Kolmogorov st., 66, Ekaterinburggolved is hemivariational, and functional to be minimized in each
620034, Russia time step is non-smooth and non-convex. In this work hemivaria-

tional inequality is solved by sequential iterative solution of vari-
ational inequalities. The algorithm developed is used for study of

THE INVERSE COEFFICIENT PROBLEMS IN THE longitudional vibrations of sucker rod string. The results show,
THEORY OF ELASTICITY that nonmonotonicity of friction law leads to amplification of vi-
bration. The case of dragging this structure with a constant veloc-
VATULYAN SoLovIEV ity is also considered. In the last case nonmonotonicity of friction

law leads to the stick-slip oscillations at the low velocity of drug-
ging. This work was supported by Russian Foundation for Basic
Statements and research methods for the inverse coefficief@search under grant 04-01-96048, regional program "Ural”.
problems of definition of elasticity modules as functions of co-!90r N. Wasserman, Acad.Korolev Str 1,, Perm, 614013, Russia
ordinates (including prestress) in the theory of elasticity within
the framework of stationary vibrations are discussed. As initial

data are components of a vector of the displacements, measured DEFORMATION WEAKENING AND FAILURE
on a part of a boundary in some range of frequencies variaition,F)RocESSES IN DEFORMABLE SYSTEMS, METHODS

are taken. The basic problems coming on at research of these OF SURVIVABILITY AND SAFETY ANALYSIS

problems are discussed:

1) the formulation of the operational formulas binding given
and unknown functions; 2) development of numerical techniques wi | demann@stu. ac.ru
for solution of occurring operational equations with compact op-
erators on the basis of a combination of modern computational The statements of mechanics of stable post-critical deforma-
technologies (finite-element and boundary-element) and regulation and failure in damaged solids with weakening zones and

V. E. WILDEMANN A. V. ILINIKH M. V. PoLyakov
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items of formulation and substantiation of appropriate boundaryredication of rotational orbits will be given. Finally, the investi-
value problems are analysed. The importance of taking into acgations from a newly built experimental rig operating in a wave
count the properties of loading systems is marked. Informatioriank will be presented to validate the original concept.

about these properties is introduced to the problem formulatioMarian Wiercigroch, King’'s College, Aberdeen University, Ab-
owing to use of special boundary contact conditions. The approerdeen, AB24 3UE, United Kingdom

priateness of non-local failure criteria use is substantiated using

the post-critical deformation stability conditions of medium that SIMULATION OF SYNCHRONIZATION OF

r e it s o propeties of £ g TS A Vi IR NS TOR
g system. theq P P~ SYSTEM WITH THREE DEGREE OF FREEDOM

tion of a final stage of deformation and failure of inhomogeneous

media with the help of effective characteristics have been consid- N. P. YAROSHEVICH
ered on the basis of solution of model boundary value problems.
The obtained results testify to connection of weakening charac- tm@it u. | ut sk. ua

teristics with length dimension parameters that permit to describe o ]
strength scale effects. Problems for rod systems illustrating the The problem of self-synchronization of unbalanced vibro-
behaviour on post-critical deformation stage as a result of indi€XCiters placed on carrying moving body with one or three degree
vidual element failure are presented. The stabilizing role of load©f freedom. Numerical integration of nonlinear differential equa-
ing systems with sufficient rigidity and the possibility of realiza- fions was carried out by means of standard package of computer
tion of load-bearing capacity reserves in deformable systems du¥ograms Maple 9. _ _

to formation of the stable deformation weakening conditions for 1he results of solving the equations are presented in the form
individual elements has been demonstrated. Problems of conf Plots of change of integrated coordinates, carrying body dis-
plex advanced strength analysis including load-bearing structurélacément, phase difference between exciters and plots of syn-
safety estimation based on the analysis of factors that influencgronous and partial angular velocities of exciters during the pe-
the character of processes of initiation and evolution of defect§od in question (40sec) and during one period of oscillations.
are considered. The estimation procedures of deformation anlglechamcal trajectories of centres of mass of carrying bodies are
strength reserves, the results of survivability and reliability analobtained. _ o
ysis, the results of investigation of failure processes control po- Numerical simulation of the problems on self-synchronization
tential have been illustrated on the basis of numerical modelin@f two and four unbalanced vibro-exciters placed on rigid body
of main-line crack formation and development processes in deWith linear oscillations, the problems on self-synchronization of
formable solids at plane stress state. The scale effect of strengi©: three and four exciters placed on rigid body performing
caused by change of hardness of loading system has been dem@@2ne oscillations was carried out. _ _
strated. The work is supported by Russian Fund of Basic Re- The simulation of problems on double and triple synchroniza-
search (grants RFBR-Urals 04-01-97503, and 04-01-96067). tion was carried out. It is shown that in spite of existence of vi-

valeriy E. Wildemann, 29a, Komsomolsky Ave., Perm 61460(pration link between exciters the practical realization of multiple
' ' ' ' synchronization effect is rather difficult since vibration moments

Russia of multiple synchronization are small compared with correspond-
ing moments of simple synchronization. At the same time using

DYNAMICS OF PARAMETRIC PENDULUM FOR WAVE the devices providing elastic connection of exciters with the ob-

ENERGY EXTRACTION ject to which vibration is imparted or between each other enables

to increase vibration moment. The possibility of increasing mod-

Xu Xu MARIAN WIERCIGROCH uli of vibration moments by means of using the mechanism of

EKATERINA PAVLOVSKAIA STEFANO LENCI universal joint is shown.

FRANCESCOROMEO M. NILDE CERRI The carried out numerical simulation of self-synchronization

of vibro-exciters shows the accordance between numerical and
the obtained before analytical and experimental results and en-
ables to investigate the influence of the parameters of oscillatory
system on self-synchronization as well as to determine parame-
ters of devices recommended for intensification of multiple self-
synchronization effect.

In this study a new concept for the extraction of energy fromyjicolay P. Yaroshevich, Lutsk state technical university, Lvivska
sea waves for the purpose of generating electrical power is exany. 75 | utsk, 43018, Ukraine

ined. The concept is based on the conversion of vertical motion

of sea waves into rotational motion of a parametric pendulum
rigidly mounted above a floating structure, where the generatedPROBAB'L'ST'C METHODS FOR THE ANALYSIS OF

RANDOM-STRUCTURED FIBRE-REINFORCED
COMPOSITES

XU. Xxu@ng. abdn. ac. uk
m wi er ci gr och@ng. abdn. ac. uk
e. pavl ovskai a@ng. abdn. ac. uk
| enci @nivpmit Francesco. Romeo@niromal.it

pendulum'’s rotational motion will provide the driving torque for
an electrical generator. As a first approximation of such system
a parametric pendulum driven by an electrodynamic shaker was
considered. Detailed experimental investigations and mathemat-
ical modelling and analysis of this system have been carried out zav@stu.ru

and they will be presented during the lecture. In particular, the

influence of the dynamics of an electro-dynamic shaker on the Prediction of the effective elastic modules and definition of
behaviour of a parametric pendulum will be shown and accurat¢he statistical characteristics of random stress and strain fields
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at the components of fibre- and particle-reinforced compositeserial behavior under general three-dimensional thermomechani-

are connected to finding the solutions of stochastically nonlincal loading conditions. Typical examples include superelasticity,

ear boundary-value problems. The conditional and unconditionadrientation of martensite, thermoelasticity, and one-way shape

correlation functions (CF) of the second, third, fourth and fifth memory effect. A generalized version of the same model ad-

orders for elastic modules, which characterized collective muldresses the training of shape memory materials, and the two-way

tiparticle interaction in the ensemble of inclusions, are requiredshape memory effect.

for construction of approximate solutions (the total correlation Based on experimental results, we establish a low-cycle fa-

approximation, for instance) of these problems. CF are detettigue criterion in the superelastic case by showing that a relation

mined by the central moments of the corresponding orders foexists between the number of fatigue cycles to failure of the ma-

the random indicator takes value 1 or 0 depending on belongingerial and the amount of dissipated energy per cycle represented

to reinforcement elements or matrix consequently. by the area of the stabilized superelastic hysteresis loop of the
Calculation of the conditional and unconditional multipoint stress—strain curve. The dissipated energy, and as a consequence

CF of different orders for the random-structured composites folthe number of cycles to failure, can be numerically estimated by

low the ‘'traditional’ algorithms used to plot these functions ex-the present model.

perimentally by employing microsections of fibreglass plastics Wael ZAKI, Ecole Nationale Suprieure de Techniques Avances,

Realization of the algorithms is supposed to usage of an addiJnit de Mcanique, Chemin de la Hunire, Palaiseau, 91761,

tional co-ordinate net and definition of belonging each point ofFrance

the net to one of the phases and required significant hardware

and software cast even in the case of reduction of the calcula-

tion the CF to the problem of finding geometric probabilities as NUMERICAL SIMULATION OF PHASE TRANSITION

well. Application of parallel computational procedures could be IN NI-BASED ALLOYS

solved this problem partially. The results for plotting CF of the

second order (which carried out on the multiprocessing system

MVS-1000) have shown, that usage of 10 processors is reduced

the total solution cast up to 5 times and further increasing the

number of processors is inappropriate. An important feature of the current study is to analyze coarsen-
The analytical relationships in the form of finite number se-ing data in ternary Ni-based alloys. The morphological evolution

ries for conditional and unconditional multipoint CF of the differ- and coarsening kinetics of ordered intermetallic precipitates with

ent orders for the random-structured fibre- and particle-reinfbrce coherency stress in Ni-Al and Ni-V alloys were studied using the

composites are obtained on the basis of the new approach thffusion equations and three dimensional atom probe (3DAP)

defining geometric probabilities. The detailed convergence anaknalyses. The emphasis is on the effects of precipitate volume

ysis of these series allows to investigate such regularities of confraction. Specifically, we predict the variation of the rate con-

posite structures as localization and the presence of the order pstants of coarsening with precipitate volume fraction in Ni-Al al-

rameters, i.e. periodic terms in the random fields. loys and the suppression of two from three orientational variants
The analytical relationships for the derivatives of uncondi-in Ni-V systems. Comparison of numerical simulation results

tional CF of the second and third order at the points correspondaith experiments shows good quantitative agreement.

ing to zero values of the arguments, which are defined by th&apolsky Hlene, UMR 6634, GPM, av de I'UniversjtBP 12,

ration of the measures for the interphase surface and for the fragaint-Etienne du Rouvray, Cedex, 76801, France

ment, are obtained. It is shown, that the derivatives for the corre-

lation moment of the second order with any void fractions have

a negative sign. But the derivation for the CF of the third order SHOCK PULSE SPECTRUM INFLUENCE ON

takes always negative or positive values if void fractions of in- CHARACTER AND THRESHOLD OF CLEAVAGE IN

H. ZAPOLSKY N. LECOQ R. PATTE

clusions are smaller or greater than 2/3 consequently. Lack of PMMA.
the relation for the derivatives on angle co-ordinates proves a lo-
cal statistical isotropy of random fields of composite structures Z/MIN B. A. SUDENKOV Y. V. Sustikov A. I.
under approximation of the 'small distances’. spm@ini cor n. mat h. spbu. ru
The work was made possible by Award MK—-3903.2005.8 of spm@ini cor n. mat h. spbu. ru
the President of Russian Federation for the State support of young heyday2000@andex. r u

Russian post-doctoral researches.

Alexey V. Zaitsev, Komsomolsky ave. 29, Perm, 614000, Russia  shock pulse spectrum influence on character and threshold of
cleavage in PMMA.

Experimental researches of cleavage in PMMA at microsec-
MODELING OF THERMOMECHANICAL BEHAVIOR ond shock loadings have found out temporal structure of a shock

AND FATIGUE OF SHAPE MEMORY MATERIALS pulse influence on character and threshold destructions. Exper-

iments were spent on electric explosion installation with char-
acteristic duration of shock loading about 1-2 micro seconds.
wael . zaki @nsta. fr ziad. noumi @nsta. fr The plane shock wave was initiated by explosion of aluminum
foils, Shock loading was delivered to a sample through PMMA a
In this paper, we propose a unified thermomechanical modelaveguide. Sizes and a time structure of shock loading were reg-
and a low-cycle fatigue criterion for shape memory materialsistered either with the laser interferometer or piezosensor. Thus
The model is capable of simulating all major aspects of the mathe form of shock loading could change due to change of a

WAEL ZAKI ZIAD MOUMNI
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mechanical impedance of a thin layer located between a wavaribution of proportion between normal and tangent components

conductor and a sample. It is found out that character and

threshold of cleavage considerably differ for different time forms

af collision impulses and distribution of their quantities.
The problems of solid diffusion between two micro-blocks of

of shock loading. The Conclusion: apparently this dependence ia powder particle and gas diffusion from pore to a bulk of ma-
caused by correlation of scales of a mesa structure with spatiallierial with presence of dislocations are solving by use of local

time spectrum of shock loading.

equilibrium thermodynamics approach. External impact action is

Aleksandr I. Suslikov, Stariy Petergof, Universitetskiy 28, Sankteorresponded to distributions obtained on a macroscale. Here dif-

Petersburg, 198904, Russia

DYNAMICS OF MANY INTERACTING BODIES ON
MACROLEVEL AND SOLID DIFFUSION ON
MICROLEVEL IN THE MODELING OF MECHANICAL
ALLOYING PROCESS

ZOUBKO I. YuU. TRUSOVP. V. PERMYAKOV A. V.

fusion along with dislocation lines is modeling by setting of very
large diffusion coefficient on a dislocation line in compare with
bulk diffusion coefficient. Solutions of these problems allow find-
ing answers on the following questions: 1) how deep may pene-
trate solute atoms in a bulk of material in dependence on external
loading parameters, 2) in which conditions is possible a process
of gas diffusion from pore and an inverse process.

Ivan Y. Zoubko, Komsomolsky ave., Perm, 614600, Russia

DEMENEVA YA. M. OGHEGINA A. O.
PITCHKALEVA O. L.

zi u@rat nod. pstu. ac.ru

Mechanical alloying is a way to produce a solid solution of
many crystal materials and their compounds as an ultra fine pow-
der. A method of the process is high energy action on powders
of initial components by milling balls in special devices (a plan-
etary mill or an attritor). It is very far from equilibrium pro-
cess which is accompanied by dissipation of supplying energy
on three scales: macroscale over complex vortical motion of the
milling balls, mesoscale over repeating process of fracture and
welding of the powder particles, microscale over evolution of
defect structure of particles including solid diffusion of compo-
nents. For many materials mechanical alloying is the only way
to produce their solid solution. The main problem is to find out
meanings of the process parameters (frequencies, sizes of devices
and balls, temperature conditions) that allow obtaining hew ma-
terials with prescribed properties.

Interactions in the balls-powder system on macrolevel include
repeating collisions and long-continued contacts with friction be-
tween balls. The last is a motion with non-holonomic constraints
and its description for a system of more than two bodies is rather
hard to solve problem. In present work we used a method like
hard sphere dynamics, in which all types of balls interactions
are reduced to sequences of pair nonelastic collisions with fric-
tion. Such approach is applicable to simulation of motion of any
granular media. Here the method has been used to describing
of milling balls dynamics in a planetary mill. Analytical solution
for nonelastic collision with friction was obtained for pair of balls
with different masses. For changing of normal component of the
relative velocity was used Newton relation with constant restor-
ing coefficient. For changing of tangent component was obtained
analytical solution takes into account possible stopping of rela-
tive sliding of the balls during the collision. A powder motion is
not explicitly described, but its presence is taken into account by
additional restoring and friction coefficients. This method was
shown to describe rolling of a ball along with any moving or
immovable surface with arbitrary approximation to an analytical
solution with decreasing of time intervals in a sequence of col-
lisions. The method of dimensional analysis was used to write a
common form of dependence of kinetic energy dissipation rate on
parameters of the process for a planetary mill. Coefficients of this
dependence are improving by numerical experiments. Statistics
of balls actions on a powder is obtained from simulation as dis-
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