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Predictions of the frequencies of bending-torsion coupled laminated
composite plates with discontinuities: novel analytical modeling and
experimental validation

M. Shaat’, B. Aidi’, S.W. Case?, and A. Abdelkefi'*

'Department of Mechanical and Aerospace Engineering, New Mexico State University, Las Cruces, New Mexico
88003.
’Department of Biomedical Engineering and Mechanics, Virginia Tech, Blacksburg, Virginia, 24061.

Abstract

A novel analytical model that accurately represents the free vibration response of intact/damaged
composite plates accounting for the bending-torsional coupling is developed. Unlike the existing models for
the bending-torsion vibrations of composite plates, in the present model, the equations of motion are derived in
an uncoupled form. It is then easier to derive analytical solutions for composite plates under coupled bending-
torsion vibrations. In addition, for the first time, analytical solutions for the free bending and torsional
vibrations of cantilever and clamped-clamped laminated composite plates with discontinuities including
circular holes, rectangular holes, notches, and internal and edge cracks are easily obtained. Shifts in the natural
frequencies due to discontinuities are modeled where the reductions in the plate stiffnesses are related to the
amount of the energy release rate due to a defect formation. In order to verify the accuracy of the proposed
model and the derived solutions, the proposed model is compared to the available conventional models.
Moreover, experimental measurements of the free bending and torsional vibrations of carbon-fiber-laminated
composite plates with circular holes is performed. A set of finite element analyses are carried out and
compared to the experimental and the proposed model results. Then, a parametric study is presented in order to
investigate the effects of the discontinuity size and location on the bending and torsional natural frequencies of
laminated composite plates with various forms of discontinuities. The performed analyses demonstrate the
accuracy - of the proposed models to represent the free vibrations of laminated composite plates with

discontinuities.

Keywords: composites, plates, defects, analytical model, free vibration, bending-torsion coupling.

*Corresponding author. Tel.: +15756466546; Fax: +15756466111.
E-mail addresses: shaat@nmsu.edu (M. Shaat), bilel@vt.edu (B. Aidi), scase@vt.edu (S. Case), abdu@nmsu.edu (A.
Abdelkefi).



ISIf)rticles el Y 20 6La5 s 3l OISl ¥
Olpl (pawasd DYl gz 5o Ve 00 Az 5 ddes 36kl Ol ¥/
auass daz 3 Gl Gy V

Wi Ol3a 9 £aoge o I rals 9oy T 55 g OISl V/

s ,a Jol domieo ¥ O, 55l 0lsel v/

ol guae sla oLl Al b ,mml csls p oKl V7

N s ls 5l e i (560 sglils V7

Sl 5,:K8) Kiadigh o Sl (5300 0,00 b 25 ol Sleiiy ¥/


https://isiarticles.com/article/151847

