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ABSTRACT

Especially with the advent of composites, the amteuresponse evaluation of slender thin-
walled structures subjected to a variety of dynafloedings is nowadays an even more
challenging issue in many fields such as aeronalutimechanical, civil, and biomechanical
engineering.

Dynamic response analyses of thin-walled compaositactures are presented in this
paper. Beam-like structures are modeled via refimate elements in the framework of the
1D Carrera Unified Formulation (CUF). CUF 1D modhaksve recently been developed for
isotropic [1] and composite structures [2]. CUF migdexploit arbitrary order expansions of
the generalized variables above the cross-secfigheostructure. In this paper, Taylor-like
polynomial expansions are adopted and the dvdgfrthe expansion is a free-parameter of the
formulation. In other words, any-order models can dbtained with no need of ad hoc
formulations by exploiting a systematic procedwétiild finite element matrices in a form
which is independent of the accuracy of the motlBl. CUF models allow to detect highly
accurate shell-like static deformations and modwedpss of thin-walled structures with a
significant reduction of computational costs.

The first extension of hierarchical finite elements based on the CUF fee fvibrations
analysis of beams with arbitrary section geometwes faced in [3]. These models were
employed to carry out a more accurate free vibmatoalysis of conventional and joined
wings [4]. Higher-order terms permitted bendinggton modes to be coupled and were able
capture any other vibration modes that requirelamg and warping deformation of the beam
sections to be detected.

In this paper, the extension of 1D CUF models ® dynamic response of composite
structures is presented. The Newmark time integmathethod [5] widely used in structural
dynamics is here employed. A number of thin-walllsthder configurations (by varying span-
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to-length ratio, cross-section geometry, and matday-up) under different loadings such as
harmonic, impulsive, and traveling ones are analyzZ€omparisons with results from
reference cases in literature and shell finite eleis1 analyses have carried out in order to
assess the formulation. The influence of non-atassicross-section deformation not
detectable through classical and low-order bearorihe on the time-dependent response of
composite structures is investigated. The impleatemt of 1D CUF models in a time
integration Newmark’s scheme reveals the capadsliof such refined models in accurately
describing the dynamic behavior of composite wings.

Table 1 shows a typical result from the preseninfdation. A set of harmonic loadings
are applied on a clamped-clamped beam with a thtled annullar cross-section. As
increases, the third and fifth columns presentpeentage error computed with respect to
the Nastran shell solution, taken as a referenmethfe transverse displacements of two
sample points. The proposed 1D model makes it pless$do describe local deformations
typical of a shell-like behavior with a sizeablelwetion in computational cost in terms of
DOFs.

Theory Uy Error w,.p T Error u, 4 DOFs
EBBEM 0. — 0. - 93
N=1 —2.0937 —91.08 % —1.4362 —85.47 Y% 271
N =4 —5.9690 —T74.56 % —6.3900 —30.29 % 1395
N=7 —15.7213 —-32.99 % —9.3591 —5.31 % 3348
N =10 —19.7523 —15.81 % —0.7314 —1.54 % 6138
N =14 —21.1939 —9.67 % —0.8418 —0.43 % 11160
NASTRAN —23.4628 — —9.8840 - 250000

Table 1: Displacements of loading points A and Ddifferent FE models

REFERENCES

[1] E. Carrera, G. Giunta and M. PetrolBeam Sructures. Classical and Advanced
Theories, John Wiley & Sons Ltd, 2011.

[2] E. Carrera and M. Petrolo, “Refined One-Dimensil Formulations for Laminated
Structure Analysis”’AIAA Journal, DOI: 10.2514/1.J051219, (In Press).

[3] E. Carrera, M. Petrolo, and P. Nali, “Unifiérmulation Applied to Free Vibrations
Finite Element Analysis of Beams with Arbitrary 8en”, Shock and Vibration, 18(3),
485:502, 2011.

[4] E. Carrera, M. Petrolo, and A. Varello, “Advaad Beam Formulations for Free Vibration
Analysis of Conventional and Joined Wingdburnal of Aerospace Engineering, DOI:
10.1061/(ASCE)AS.1943-5525.0000130, (In Press).

[5] K. J. Bathe Finite Element Procedure, Prentice hall, Upper Saddle River, New Jersey,
1996.



