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ABSTRACT

One important challenge in injection molding is the deviation between the cavity’s and the final
product’s shape. This deviation is due to shrinkage and warpage during solidification. Naturally,
the designer has to compensate for these effects.
This is typically done using shape optimization and numerical simulation: The forward simulation
– which predicts the final geometry after shrinkage and warpage – is iteratively run using changing
cavity shapes. The cavity is modified until the desired shape is attained within a suitable tolerance.
This procedure inherently leads to a high number of evaluations of the forward simulation. This is
especially true when the number of shape parameters is high. All in all, one is faced with a high
computational and time effort.

One remedy can be provided by the field of model order reduction (MOR), which aims at pro-
viding a fast, low-dimensional model that provides the same input-output behavior as the full
model. In recent years, MOR has matured significantly, now allowing also for complex material
models and non-linearities in the model equations. MOR is tailored towards the multi-evaluation
of parameterized model equations. In this work, we apply MOR to a variant of shrinkage and
warpage simulations as presented by Zwicke and Elgeti [1]. In particular, we include MOR into a
shape-optimization framework based on free-form deformation as introduced by Lassila and Rozza
[2].

This work first recalls the governing equations for polymer melts and their solidification. Secondly,
the corresponding MOR framework is derived. In particular, the simplifications and restrictions
necessary to prepare the complex equations for MOR are introduced. We detail the implementation
of MOR in an academic FEM code and discuss the novel application in shape optimization for highly
non-linear material properties. Finally, we show the first results obtained from the MOR-based
shape optimization and compare them against the full order solution in terms of accuracy and
performance gain.
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