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ABSTRACT

The Finite Element Method is a popular technique for solving PDEs, particularly in structural
mechanics. However, large and complex models still require long computation times. These issues are
often encountered in the automotive, aerospace or medical industry, and they can render design space
exploration, optimization and robustness studies impracticable.

Reduced-order models can significantly decrease simulation times by reducing the dimensionality of
the problem. Many advances in nonlinear model order reduction have been made very recently, e.g.
[1-4]. One advantage over established data-fit meta-modeling approaches is that reduced-order models
preserve the information on the underlying PDE, and hence the physical nature of the problem. Model
reduction of crash simulations poses a set of additional challenges. The structural behavior is highly
nonlinear due to plasticity, contact and failure [5]. The process of generating reduced-order models is
often intrusive, making the interaction with commercial finite element solvers difficult. Building the
reduced-order models also requires efficient and scalable algorithms for processing large amounts of
snapshot data.

We present an intrusive method for generating parametric hyper-reduced models for nonlinear FEM
simulations. It is based on POD and the snapshot method [6], the DEIM and GNAT hyper-reduction
approaches [1-3] and enhanced techniques for reduced basis generation, index selection, contact
treatment and interfacing with the FEM solver, within the context of a nonlinear explicit FEM problem
setting. The methods are applied to an example problem. Results show that significant speed-ups are
possible in the online phase. This is achieved by operating in the reduced space (thus no longer scaling
with the dimensionality of the full model), and by eliminating high-frequency contributions so that
larger time steps can be used. Contact treatment and the interaction with the FE solver remain sources
of inefficiencies, and further work needs to be done to improve accuracy for varying parameters.
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