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Chapter 1 Introduction

1.1 Document Outline

This study will focus on the deformations in polymer-matrix fiber-reinforced composite

plates and cylindrical panels. The work is separated into two phases, thermally induced deforma-

tions and mechanically induced deformations. As part of the first phase of the study, Chapters 2

examines the deformation of large curved composite panels that are consolidated at elevated tem-

peratures, to cure the polymer matrix, and are then cooled to a service temperature. Various

imperfections are incorporated to determine their influence on the final shape. Though the panels

are constructed of symmetric laminates, the imperfections lead to slightly unsymmetric laminates,

which can lead to unwanted cure-induced deformations, or warpage. Large composite panels are

sensitive to imperfections, leading to production difficulties of high tolerance components and

subsequent high costs. As a result, there is a significant need to understand the factors and mecha-

nisms of manufacturing-induced deformations of curved composite panels. Some of the factors

that lead to warpage are identified herein, models are developed to predict the influence of these

factors, and a reliable metric to gauge the magnitude of warpage is introduced. Chapter 3 focuses

on the manufacturing induced deformations of unsymmetrically laminated graphite-epoxy plates.

Here the plates are manufactured to intentionally be unsymmetric. As is well known, unsymmet-

ric laminates exhibit bending-stretching elastic coupling, a characteristic that perhaps can be used

to advantage for elastic tailoring. However, unsymmetric laminates that are cured at an elevated

temperature deform severely as they are cooled to their service temperature. These deformations

may be large enough to render an unsymmetrically laminated structural component unsuited for

its intended usage. Models will be developed to predict the manufactured shapes of angle-ply and

cross-ply plates manufactured by both processes. Actual specimens were constructed and mea-

sured at NASA Langley Research Center to compare with predictions. The results of Chapter 3
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serves as a contract to the laminates studied in Chapter 4, where it is assumed unsymmetric lami-

nates can be manufactured to remain flat. This may be possible by using a novel curing process

such as electron-beam curing.

The second phase of the study, Chapter 4, investigates the response of perfectly flat unsymmetri-

cally laminated composite plates due to uniaxial endshortening under various boundary condi-

tions. The prebuckling, buckling, and postbuckling response of various plates are investigated.

Section 4.2 details the problem description, leading the reader through the nomenclature and anal-

ysis. Section 4.3-4.9 presents results for each of the seven types of plates being considered. Con-

clusions are presented in Section 4.10. Finally, Chapter 5 presents conclusions for all

unsymmetric composite panels considered in this current work.


