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Wrinkle generation mechanism in flat and cylindrical membranes undergoing shear
FMEHE deformation
(F AW BN 22T A PR KOG EEmICEBIT 5 VU AERA =X 1)

GRXNAEDOEE)

This thesis analyzes the generation and behavior of wrinkles in membranes.
Wrinkles are formed when outside loads applied to the membrane result compressive
stress. The wrinkle generation is generally considered to be a result of
bifurcation buckling. Because a bifurcation is a singular state of the system,
it is difficult to determine post—-bifurcation states uniquely. Additionally, the
bifurcation may branch out, resulting in multiple post-bifurcation states. The
thesis analyzes the bifurcation structure of three membrane models in order to
determine the unique wrinkle patterns for each model and to understand the
mechanics of wrinkle generation in detail. The results are two specific wrinkle
generation mechanisms that are explained in detail. The thesis is divided in seven

chapters.

The first chapter is the general introduction to the problem. The discussion
starts by the introductions of inflatable structures whose design was the
motivation for this study. The problem of wrinkle analysis is discussed in detail

followed by presentation of previous experimental results and numerical analyses.

The second chapter presents the model definitions for the flat rectangular
membrane with free boundary conditions, the flat rectangular membrane with cyclic
boundary conditions, and the cylindrical membrane. Following is the analytical
model for behavior of membranes that considers both plate and membrane behavior.
The final part is the finite element (FE) model used to obtain the membrane

behavior numerically.

The third chapter discusses the behavior at bifurcation points and the
modification to the FE model in order to obtain post-bifurcation points. First

the behavior at bifurcation points and types of bifurcation points are discussed
based on the asymptotic theory. Next is the calculation of the relation between
the results obtained by the numerical simulation and the behavior based on

asymptotic theory. Finally, the analysis procedure is presented.

The fourth chapter presents several tools used to process and understand the
numerical results. The membrane symmetry and solution symmetry is discussed based
on group theory. Phase correlation used to obtain translation transformation,

the similarity value between two solutions, and bifurcation diagram calculation
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are presented.

The fifth chapter presents the numerical results for the flat membrane with free
boundary conditions. First the numerical convergence and comparison with
experimental result is shown. This is followed by the results for the free boundary
membrane model. Bifurcation points and equilibrium paths are presented in order
in which they occur, depending on the load applied to the membrane. The chapter
finishes with a detail discussion of the wrinkle generation mechanism that occurs
only in the free boundary model. The mechanism is analyzed by calculating the

stress fields and membrane displacement

The sixth chapter discusses the behavior of the flat membrane with cyclic boundary
conditions and the behavior of the cylindrical membrane. Both models are used
to explain the behavior of small wrinkles on existing wrinkles, or collapsed
sections. First, the numerical results for each model are presented. This is
followed by a detail discussion about the mechanism behind the generation of
collapsed section and how they generate new winkles. Again, the mechanism is

analyzed by calculating the stress fields and membrane displacement.

The final chapter presents concluding remarks regarding the behavior that was
observed in all three membranes. The wrinkle generation without bifurcations
resulted in a more simple bifurcation structure than was expected, based on
previously understood wrinkle generation mechanisms. As a result, the number of
unique wrinkle patterns is reduced. The collapsed section behavior is the
generation of wrinkles on existing wrinkles. This behavior always occurs near
fixed boundaries. However, it is shown that this generation can be controlled

by generating specific stress states
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