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The paper presents a new Fourier-related double scale finite element to study membrane
instability phenomena. Based on Von Karman plate equations, two kinds of FE numer-
ical macroscopic models are developed by using the technique of slowly variable Fourier
coefficients: 1) new reduced model, 2) pure membrane model by dropping the derivatives
of envelop of wrinkles in the new reduced model. The results show that the first model
is able to accurately and quickly predict critical load and describe post-buckling process,
while the second one limits on qualitatively analyzing wrinkling phenomenon. We discover
membrane instability strongly depends on boundary conditions. A dimensionless param-
eter K is defined that remains almost a constant near bifurcation point in rectangular
membrane buckling which plays an important role in membrane buckling prediction and
understanding. The established nonlinear systems are solved by the Asymptotic Numeri-
cal Method (ANM), which has the advantages of fast convergence and high computational
efficiency compared with Newton-Raphson method. Finally, the new reduced model is
implemented into the commercial finite element software ABAQUS as a user element
(UEL) to simplify simulation process and use in more complex membrane structures.


