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GEOMETRICALLY NONLINEAR DINAMIC ANALYSIS OF FLEXIBLE BEAMS

Nobutoshi MASUDA 1 Takeo NISHIWAKI 2 Masaru MINAGAWA 3
and Nobuaki KATOH 4

SUMMARY

Most papers published heretofore, which dealt with finite element
nonlinear dynamic analyses, have had some incomprehensibilities as for
the processes to construct practical algorithms on the theoretical
bages.

The authors have published papers on geometrically nonlinear dynamic
analysis of frame structures in which well established geometrically
nonlinear static analysis method developed by the authors has been
extended to dynamic problems. But there, numerical examples presented
have been only those of dynamic buckling analyses of shalloew arches.

In this paper, the formulation are summarized with a slight
refinement, and large displacement dynamic analyses are conducted on
flexible beams in view of space structures which has attracted special
interest recently.

The formulations of the static analysis method are based on the
introduction of the use of position vectors, which is common in
continuum mechanics, into the finite element assembly expressions,
instead of the usual use of displacements as unknowns. In practice,
coordinate transformation relations between the global coordinate system
and the element coordinate system at the time of consideration are
congstructed directly as functions of rigid body displacements of the
element. This enables us to formulate rather simple equilibrium
equations without any use of differentiations of position vectors.

The equations of motion are obtained basically as mere extensions of
static equilibrium equations, namely, by just including the momentum
term and damping term. Then an incremental form of the equations of
motion is described in order to use the solution procedure established
in the static analyses mentioned above.

Numerical examples presented are a rotation problem of a free-hlnged-
end bar and a flight configuration trace problem of a bar with free ends
which J.C.Simo calls a flying spaghetti problem.

The applicability of the method for these kind of problems is
confirmed. Subjects for a future study are also considered in regard to
practical application.
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