Accepted Manuscript

On reliability of chaotic dynamics of two Euler—Bernoulli beams with a

small clearance

V.A. Krysko, J. Awrejcewicz, I.V. Papkova, O.A. Saltykova, A.V. Krysko

PII:
DOI:
Reference:

To appear in:

Received date :

Revised date :

Accepted date :

Please cite this article as: V.A. Krysko, J. Awrejcewicz, [.V. Papkova, O.A. Saltykova, A.V. Krysko,
On reliability of chaotic dynamics of two Euler—Bernoulli beams with a small clearance,

S0020-7462(17)30611-X
https://doi.org/10.1016/j.ijnonlinmec.2017.11.013
NLM 2942

International Journal of Non-Linear Mechanics

29 August 2017
25 November 2017
28 November 2017

International Journal of Non-Linear Mechanics (2017),
https://doi.org/10.1016/j.ijnonlinmec.2017.11.013

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the

content, and all legal disclaimers that apply to the journal pertain.



https://doi.org/10.1016/j.ijnonlinmec.2017.11.013

On reliability of chaotic dynamics of two Euler-Bernoulli beams with a small clearance

V.A. Krysko', J. Awrejcewicz® , 1.V. Papkova’, O.A. Saltykova®, A.V. Krysko’

'Department of Mathematics and Modeling, Saratov State Technical University, Politehnicheskaya 77,
410054, Saratov, Russian Federation, tak(@san.ru

’Department of Automation, Biomechanics and Mechatronics, Lodz University of Technology, 1/15
Stefanowskiego St., 90-924 Lodz, POLAND, awrejcew@p.lodz.pl

'Department of Mathematics and Modeling, Saratov State Technical University, Politehnicheskaya 77,
410054, Saratov, Russian Federation, ikravzova@mail.ru

‘Department of Mathematics and Modeling, Saratov State Technical University, Politehnicheskaya 77,
410054 Saratov, Russian Federation and Cybernetic Institute, National Research Tomsk Polytechnic
University, 634050 Tomsk, Lenin Avenue, 30, Russian Federation , olga_a_saltykova@mail.ru

’Department of Applied Mathematics and Systems Analysis, Saratov State Technical University, 410054
Saratov, Politehnicheskaya 77, Russian Federation and Cybernetic Institute, National Research Tomsk
Polytechnic University, 634050 Tomsk, Lenin Avenue, 30, Russian Federation anton.krysko@gmail.com

Abstract

A methodology to detect true chaos (in terms of non-linear dynamics) is developed on
an example of a structure composed of two beams with a small clearance. The Euler-
Bernoulli hypothesis is employed, and the contact interaction between beams follows
the Kantor model. The complex non-linearity results from the von Kdrman geometric
non-linearity as well as the non-linearity implied by the contact interaction. The
governing PDEs are reduced to ODEs by the second-order Finite Difference Method
(FDM). The obtained system of equations is solved by Runge-Kutta methods of
different accuracy. To purify the signal from errors introduced by numerical methods,
the principal component analysis is employed and the sign of the first Lyapunov
exponent is estimated by the Kantz, Wolf, Rosenstein methods and the method of neural
networks. In the lattermost case, a spectrum of the Lyapunov exponents is estimated. It
is illustrated how the number of nodes in the FDM influences numerical results
regarding chaotic vibrations. It is also shown that an increase in the distance between
beams implies stronger action of the geometric non-linearity. Convergence of the used
numerical algorithm for FDM is demonstrated. The essential influence of initial
conditions on the numerical results of the studied contact problem is presented and

discussed.
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