Numerical modelling of aluminium die-castings
using a probabilistic approach
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Weight reduction and crash requirements combined with cost reduction are the most important items
in the car body design. Therefore, light metals such as aluminium alloys are of special interest. The
aluminium space-frame concept becomes more and more attractive. This concept allows the large
scale production of complete aluminium integral car bodies. A successful example is the AUDI A8.
High Pressure Die Castings (HPDC) components made of aluminium alloys offer various advantages
in automotive applications. These are for example, the cost efficiency of the casting process as well as
the possibility to cast thin-walled components of complex geometries. The best known production
process is the vertical cold chamber vacuum HPDC method. Currently HPDC components are used in
the car body as connectors, rocker rails, A- and B-pillars. One of the main challenges with the HPDC
production method is to optimize the process parameters regarding the part design and the
solidification characteristics of the used alloy to obtain sound casting without or at least with a
minimum of casting defects. Defects are caused by the process chain as well as the geometry of each
component [1]. Typical defects are porosity due to turbulence and solidification shrinkage, gas
porosity, oxide films and cold flow areas. The distribution of the defects is not homogeneous but
systematic (global) and stochastic (local) [2]. As a consequence the mechanical behaviour, especially
the fracture behaviour, is of a stochastic character [3], [4].
To reduce the lead time and the costs for the development of a new product, it is necessary to use
virtual development tools. One of the most important is the Finite Element (FE) method which allows
the simulation of the mechanical behaviour of a continuum body. Only reliable FE models can predict
the mechanical behaviour in an accurate way. This involves, in addition to the FE mesh generation, the
selection of the element formulation and the modelling of the boundary conditions, a qualified
constitutive model as well as a problem oriented failure criterion. To use the full potential of HPDC
components it is necessary to utilize the ductility of the material without risking uncontrolled failure.
Especially the prediction of failure is of foremost importance for a functional design in crash
situations.
The present paper is focused on a normalized aluminium HPDC alloy. The alloy is characterized by a
high strength and a distinctive quasi-brittle material behaviour in cast condition. Here, the lack of heat
treatment and the following process steps additionally reduce the production costs. Quasi-static tensile
tests with specimens cut from a generic HPDC component were performed to analyze the scatter of the
mechanical properties. Based on this material characterization the global as well as the local scatter
were observed. Especially the local scatter demonstrated the stochastic character of HPDC alloys.

1

In this paper, the stochastic character of the aluminium HPDC alloy and its influence on numerical
simulations is presented. Using the experimental database and the work by Dørum et al. [5], a
probabilistic methodology for FE modelling is introduced to analyze HPDC components. The elasticplastic material behaviour is described by a constitutive model consisting of a high exponent, isotropic
yield criterion, the associated flow law and a isotropic hardening rule. The phenomenological ductile
fracture criterion by Cockcroft-Latham is used. It is assumed that the fracture parameter follows a
modified weakest link Weibull distribution. Based on the Weibull statistics a probability of fracture
can be determined and used to evaluate FE simulations of HPDC components. FE simulations of
tensile tests are compared with the experimental database in order to check the accuracy of the
constitutive model and the input data as well as the probabilistic methodology. In addition, the results
of three point bending and axial crushing tests of the generic HPDC component are used for the
validation of the material model and the probabilistic methodology.
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