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Figure 12: Convergence of maximum vertical displacement with number of degrees of freedom.
a) Square airbag. b) Circular airbag.

are poorly understood at present. The chief difficulty here is the lack of convexity of the energy
functional. Indeed, Ball [4] noted that convexity is incompatible with material frame indiffer-
ence, fails for nearly-incompressible materials, and rules out buckling. Consequently, convexity
can never be expected of the energy functional of a finitely-deforming elastic material. This lack
of convexity of the energy functional results in a massive lack of uniqueness of the solution and
may lead to the formation of microstructures of arbitrary fineness [5]. Under these severe condi-
tions, the properties of finite-element solutions, or of solutions obtained by means of any other
method of approximation, are fraught with uncertainty. However, for methods such as devel-
oped here, based on constrained energy minimization, energy bounds do exist in some cases
[34, 33, 19, 18] which suggest convergence in energy. In the present setting, convergence in
energy is simply meant to indicate that the minimum energy of the system is attainable through
a process of increasing mesh refinement. The solutions to the airbag problem presented here,
exhibit the intricate microstructures–in the form of fine folding patterns–which may be expected
of the solutions of nonconvex problems. These intricacies notwithstanding, certain salient fea-
tures of the solution, such as the maximum center deflection, do exhibit a general trend towards
convergence, which attests to the robustness of the method.
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