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Abstract—In thermoforming processes, a thermoplastic sheet is heated and deformed into a proper shape by ap-
plied pressure, where the deformation is very large and highly non-linear. Therefore it is very difficult to find the
optimum processing conditions. In this study, a numerical algorithm was developed to simulate the inflation behav-
ior of a sheet in the axisymmetric geometry and preditct the thickness distributions of the sheet in the deformed
states during thermoforming using finite element method. The deformation was described mathematically by the
Piola-Kirchhoff stress tensor. Green deformation tensor and Lagrangian deformation tensor in conjunction with
Mooney-Rivlin and Ogden models as material models. The resulting non-linear equations were solved by em-
ploying Newton-Raphson iteration method to obtain the solution at the mechanical equilibrium. Two different
types of stress conditions were considered in this study: the one is two dimensional model with membrane ap-
proximation and the other is three dimensional model taking into account the stress gradient in the thickness direc~
tion. The computed results of both cases were compared with each other. In case of three dimensional model. penal-
ty method was used to satisfy the incompressibility of the deforming sheet. In order to verify the applicability of
our algorithm, numerical solution was obtained for a simple geometry and compared with the corresponding exact
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solution. In addition, Treloar’s experimental data were also compared with our computed result and they were
found to be in good agreement with each other. We investigated the effects of the interaction with the mold wall
and the temperature distribution in the sheet on the predicted thickness distributions. It was found that uneven
temperature distribution in the sheet was very effective to reduce the thickness variation in the final products.
Keywords: Thermoforming, Finite Element Method, Piola-Kirchhoff stress tensor, Green deformation tensor,
Mooney-Rivlin model, Ogden model, Membrane approximation, Three dimensional analysis
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Fig. 1. Schematic diagram of thermoforming process.
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Y; - Lagrangian deformation tensor
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