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Resumo

Antunes, Euler B.; Sampaio Filho, Rubens. Modelagem e Simu-

lacao de Estruturas Flexiveis: cabos e placas. Rio de Janeiro,

2010. 145p. Dissertacao de Mestrado — Departamento de Engen-

haria Mecénica, Pontificia Universidade Catoélica do Rio de Janeiro.
Este texto pode ser dividido em duas partes: a primeira trata da modelagem
de sistemas dinamicos, passando da chamada formulacao forte ao conceito
de formulagao variacional, sem antes deixar de apresentar ferramentas bé-
sicas do célculo variacional e o Principio de Hamilton. Os conceitos sao
exemplificados por duas estruturas que acompanham todo o texto: um cabo
unidimensional e uma placa. Ainda na primeira parte, é apresentado o pro-
blema de autovalor de sistemas continuos e sao mostradas as propriedades
dos operadores autoadjuntos. Ao longo desta etapa e no apéndice, solucgoes
analiticas para o problema de autovalor sao desenvolvidas. Por ser a ob-
tengao das solugoes analiticas dos problemas por demais engenhosas ou até
mesmo impossiveis, um outro caminho é proposto: a aproximacao de solu-
¢oes, sendo este o tema da segunda parte deste texto. Ela ¢ iniciada pela
apresentacao de métodos de discretizacao dos sistemas continuos sem deixar
de exemplifica-los. Os métodos sao usados como ferramentas de aproxima-
¢ao dos modos de vibragao. Sao abordados os Métodos de Ritz, de Galerkin
e o da Colocacgao. As fungoes usadas no primeiro e no segundo sao geradas
pelo Método dos Elementos Finitos e as aproximacgoes dos modos por este
método sao usadas na reducgao de sistemas, para entao se obter a resposta
dindmica dado um carregamento. Toda a teoria é reforcada ao final com
dois problemas praticos: um cabo durante uma operagao de abastecimento
de uma plataforma de petréleo e o outro de uma placa durante uma ope-
racao de jateamento. Por tltimo, mas nao menos importante, um capitulo
¢ dedicado ao Método da Colocacao, onde polinémios de ordem superior,
os polindmios de Chebyshev, sao usados para a aproximacao com o uso de
diferentes grades de interpolacao, a grade de Chebyshev-Gauss e a grade de
Gauss-Lobatto.

Palavras—chave

estruturas flexiveis; dinamica; reducao de modelos; métodos diretos;

modelagem;
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Abstract

Antunes, Euler B.; Sampaio Filho, Rubens(Advisor) . Modeling
and Simulation of Flexible Structures: cables and plates.
Rio de Janeiro, 2010. 145p. MSc Dissertation — Departamento de
Engenharia Mecanica, Pontificia Universidade Catoélica do Rio de
Janeiro.

This text can be divided into two parts: the first deals with modeling of
dynamic systems, passing through the so-called strong formulation to the
concept of variational formulation, considering the basic tools of variational
calculus and the Hamilton Principle. The concepts are exemplified by two
structures that follows the whole text: a unidimensional cable and a plate.
Still in the first part, the eigenvalue problem of continuous systems is presen-
ted and the properties of self-adjoint operators are shown. Throughout this
stage and at the appendix, analytical solutions to the eigenvalue problem
are developed. As to get the problems analytical solutions may be too inge-
nious or even impossible, another way is proposed: the use of approximate
solutions, which is the theme of the second part of this text. It starts by
presenting methods of discretization of continuous systems, exemplifying
them. The methods are used as tools for approximation of the vibration
modes. The Ritz, Galerkin and Collocation methods are exposed. The func-
tions used at the first and at the second are generated by the Finite Element
Method and the modes approximated by this method are used to reduce the
systems to then obtain the dynamic response to a given dynamic loading.
The whole theory is reinforced with two practical problems at the end: one
is about a cable during a supplying operation of an oil rig and the other is
about a plate during a shot blastening operation. Last but not least, a chap-
ter is devoted to the Collocation Method, where higher-order polynomials,
the Chebyshev polynomials, are used to the approximation using different

interpolation grids, the Chebyshev-Gauss and the Gauss-Lobatto grid.

Keywords

flexible structures; dynamics; model reduction; direct methods;

modeling;
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The Heart of Africa has lost its mystery;
the planets of Tau Ceti are currently un-
known and unreachable. Nevertheless, the rise
of digital computers has given this generation
its galleons and astrolabes. The undiscovered
lands exist, in one sense, only as intermittent
electric rivers in dendritic networks of copper
and silicon, invisible as the soul. And yet the
mystery of scientific computing is that its new
worlds over the water, wrought only of num-
bers and video images, are as real as the fur-
rowed brow of the first Cro-Magnon who was
mystified by the stars, and looked for a story.

John P. Boyd, Chebyshev and Fourier Spectral Methods.
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