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(ABSTRACT)

This work discusses the deformations of various unsymmetric composite panels due to ther-
mal and mechanical loads. Chapter 2 focuses on the warpage of large unsymmetric curved com-
posite panels due manufacturing anomalies. These panels are subjected to a temperature change
of -280°F to simulate the cooling from the autoclave cure temperature. Sixteen layer quasi-isotro-
pic, axial-stiff, and circumferentially-stiff laminates are considered. These panels are intended to
be symmetric laminates, but are slightly unsymmetric due to the manufacturing anomalies. Ray-
leigh-Ritz and finite-element models are devel oped to predict the deformations. Initially, to serve
as abasis for comparison, warpage effects due to orthotropic thermal expansion propertiesin per-
fect panels are investigated and are found to produce deformations not captured in two-dimen-
siona theories. This is followed by the investigation of the effects of ply misalignments. Ply
misalignments of 5° are incorporated into the laminate, one layer at atime, to produce unsymmet-
ric laminates. It is found that ply misalignments produce warpages much larger than those
induced by orthotropic thermal expansion properties. Next, unsymmetric laminates resulting from
ply thickness variations are investigated. Layers 10% thicker than nominal are incorporated into
the laminate, one layer at atime, while the remaining layers are of uniform thickness. Due to the
changein fiber volume fraction of the thicker layers, corresponding material properties are modi-
fied to reflect this change. The results show that ply thickness variations cause warpages of about
25-50% of those induced by ply misalignments. Finaly, warpage of panels due to nonuniform
cooling due to inplane thermal gradients during cureisinvestigated. A thermal gradient of 0.1°F/
in. is used to construct six inplane distributions. It is found that the warpages induced by thermal
gradients are very small. The warpages are negligible with respect to those induced by ply thick-
ness variations or ply misalignments. Deformations induced by thermal gradients depend prima-
rily on the magnitude of the thermal gradient, but not on the pattern of distribution. Overall, ply
misalignments cause the most warpage, followed by ply thickness variations. Important variables
for these imperfections are, the through-thickness location of the imperfections, the orientation of
the layer containing the imperfections, and the lamination sequence. All cases show that geomet-

ric nonlinearities are important to accurately predict the deformations induced by these imperfec-



tions. Chapter 3 discusses the deformations of composite plates that are intentionally fabricated to
be unsymmetric. Such plates, if flat, might be considered in applications where bending-stretch-
ing coupling effects can be used to advantage. It is assumed the laminates are cured at an elevated
temperature and then cooled 280°F. Significant deformations result because of the high level of
asymmetry in the laminate construction. Accordingly, geometric nonlinearities are included in the
models. Four cross-ply laminates and three angle-ply laminates are considered. Four-term and 14-
term Rayleigh-Ritz models are developed, together with finite-element models to model the
deformations. Actual specimens were constructed and the deformations measured to compare
with predictions. The results show that agreement between predictions and the experimental
results are good. The 14-term Rayleigh-Ritz model isfound to be the most useful dueto its ability
to find multiple solutions, its physical basis, and computational efficiency. Chapter 4 discusses
the deformations of initidly flat aluminum, symmetric, and unsymmetric composite plates due to
axial endshortening under various boundary conditions, the aluminum and symmetric plates serv-
ing as a baseline. Seven plates are considered, each with three boundary condition combinations,
namely, clamped ends and sides (CL-CL), clamped ends with simply-supported sides (CL-SS),
and simply-supported ends and sides (SS-SS). Generally, the boundary conditions play akey role
in the deformation characteristics of the plates. The auminum and symmetric cross-ply plates
have no out-of -plane deformations until classic buckling, or primary instability, then each exhib-
its two stable solutions. Each aso exhibits secondary instability that results in two stable solu-
tions. The symmetric laminates show less of a dependence on the boundary conditions compared
to the unsymmetric laminates. Unsymmetric laminates show a mixture of characteristics. Some
cases exhibit primary instability, other cases do not. Some cases exhibit secondary instability,
while some case do not. The unsymmetric cross-ply laminates have only one stable solution after
secondary buckling, while most other laminates and boundary condition combinations have two

stable solutions. It is interesting to note that for the unbaanced unsymmetric [30,/90/0] 1 lami-

nate, the boundary conditions controlled the sign of the out-of-plane deflection from the onset of
axial endshortening. Generally speaking, the CL-CL cases carry the most load, followed by the
CL-SS, and then the SS-SS cases. Like all the problems discussed in Chapter 2 and 3, geometric

nonlinearities are found to be important for this case as well.



