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Nonlinear Transient Analysis of Layered Composite Plates
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Key Words
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Technical Objective (Phase 1: First-Year)

1. To develop a finite-element analysis for nonlinear
transient response of Taminated, anisotropic composite
plate structures constructed of fiber-reinforced,

filamentary composite materials.

2. To assess the accuracy of the analysis by comparison of

B M.

Materials, fiber-reinforced

numerical results for problems that are amenable to exact-

form of solutions, and provide bench mark results for

future investigators.

Approach Utilized in Research Completed (Phase I)

1)

2)

The approach used in Phase I (plates) research is two-fold:

the development of nonlinear (in the von Karman sense)

transient analysis capability by the finite element method for

layered composite paltes

Classical (spatial) solutions for special cases of plate

geometry load1ng, boundary conditions, and lamination schepe.
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- | 4. Summary of Progress Made in Phase I Research

Forced motions of laminated composite plates are investigated
using a finite element that accounts for the transversg shear
strains, rotary inertia, and large rotations (in the von Karman
sen;e). The present results when specialized for isotropic plates
are found to be in good agreement with those available in the
literature. For two different lamination schemes, under appropriate
boundary conditions and sinusoidal distribution of the transverse
load, the exact form of the spatial variation of the solution is
obtained, and the problem is reduced to the solution of a system of
ordinary differential equations in time, which are integrated
numerically using Newmark's direct integration method. Numerical
results for deflections and stresses are presented showing the
effect of plate side-to-thickness ratio, aspect ratio, material
orthotropy, and lamination shceme. Although the results obtained
are for certain geometries, loadings, lamination scheme, and
material properties, it should be pointed out that the element
developed herein can be employed to laminated plates of arbitrary
geoemtry, lamination scheme, material properties, boundary
conditions, and loading (only limitations are those assumed in the
laminated plate theory). The present analysis does not account for
material damping effects.

5. Technological Significance and Rélevance_}thhe Air Force.

¥

> The results obtained in this research should be of interest to
composite-structure (and aircraft) designers, and to
experimentalists and numerical analysts in verifying their results.

Research in the following categories, among others, of systems of -~
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— - engineering interest is expected to benefit from the results of this

research, <-
(1) Cord-reinforced rubber skirts for air-cushion vehicles
(2) Cord-reinforced rubber tires and belts

(3) Filament-wound shell structures, such as rocket-motor casings,

deep-diving submersibles, piping, and other pressure vessels
(4) Wire-reinforced solid-propellant rocket grains
(5) Ablative materials, such as quartz-phenolic and carbon-carbon
(6) Aircraft structural components such as wing panels
(7) Concrete and masonry structdres undegoing bending
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Co-authored a book, Advanced Engineering Analysis (with M, L.
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Stanford University, February, 1982.
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Society of Engineering Science, University of Missouri-Rolla,
Oct. 27-29, 1982.

* Invited to present a lecture at ARO Workshop on Computational
Aspects of Penetration Mechanics, Ballistic Research
Laboratory, Aberdeen Proving Ground, Maryland, April 27-29,
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University/Industry program at Carnegie-Mellon University,
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J. D. Mook:
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Awarded M. S. Degree in Summer 1982.

‘
PPN h.a o

PR _qunﬁlt .

4 LT .. N

m alalaia aa

-~







