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Abstract

Paper materials have a long history of use as a packaging material, although
traditional paper-based packaging is limited in its shape, complexity, and
design. In order to better understand the deformation and failure mechanisms
during 3-D forming, two experimental studies of paper materials have been
conducted. Furthermore, constitutive modeling combined with explicit finite
element modeling have been validated against numerous experimental setups
and utilized to develop further understanding of 3-D forming processes.

Two experimental studies were necessary to further investigate and model
the 3-D formability of paper materials. The combined effect of moisture and
temperature on the uniaxial mechanical properties of paper was investigated,
providing new insights into how moisture and temperature affect both the
elastic and plastic properties of paper materials. Furthermore, the in-plane,
biaxial yield and failure surfaces were experimentally investigated in both
stress and strain space, which gave an operating window for 3-D forming
processes as well as input parameters for the constitutive models.

The constitutive modeling of paper materials and explicit finite element
modeling were directed towards two 3-D forming processes: deep drawing and
hydroforming. The constitutive models were calibrated and validated against
simple (typically uniaxial) mechanical tests, and the explicit finite element
models (which utilize the developed constitutive models) were validated
against 3-D forming experiments. Hand-made papers with fibers partially
oxidized to dialcohol cellulose, which has greater extensibility than typical
paper materials, was furthermore characterized, modeled, and 3-D formed
as a demonstration of the potential of modified paper fiber products for 3-D
forming applications.
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