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THEORETICALLY ESTIMATION OF DISCRETIZATION ERROR IN FEM

Nobutoshi MASUDA 1, Takeo NISHIWAKI 2,
Masaru MINAGAWA 3, Kazunori MATSUOQ 4

SUMMARY

Though the efficiencies of finite element method are generally
recognized, approximate solutions can not be used properiy without
investigating the accuracy and characters of the finite element
solutions.

This study proposes a method to evaluate accuracies of discretized
models, and investigates the appropriateness of the proposed method by
comparing the accuracy estimation equations derived from the method
with the accuracies directly obtained through the results of numerical
analyses.

Object problems here are one dimensional dynamic problems in space,
namely, longitudinal wvibration problem of a straight bar with {ixed
ends and bending vibration problem of a straight beam.

The proposed method have the following principal features.

(i) The method is composed of two steps. First, finite element
approximated system, being ignored boundary conditions, is modelized as
Toeplitz structure. And solutions of the approximated Toeplitz
structure are obtained. Then, the accuracy estimation equation for the
discretized model is derived as the distortion of the frequency
response characters of the model from the characteristics of the
correct solution.

(ii) The accuracy estimation equations are functions of normalized
order of vibration. The normalization is done in regard of the maximum
order for each finite element approximated structure.

{iii)As far as the longitudinal vibration of a straight bar problem
"is concerned, the accuracy estimation equations for both Lagrange type
models and Hermite type model perfectly coincide with the numerically
obtained accuracies.

(iv)In the case of the bending vibration of beam problem, the
estimation equation for Hermite type model coincides well with the
numerically obtained accuracies, for several different boundary
conditions, especially when number of elements are increased.

{v) The results obtained by the proposed method indicates some
directions concerning to the number of elements which is sufficient to
approximate superior modes of the problem under consideration.
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