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Abstract :
In simulations of material forming processes, macroscopic zones of nearly homogeneous strain response
can be observed. We show how in such zones the evolution of material properties at each finite element
integration point can be approximated from the properties at a representative point. This largely reduces
the computational cost.
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1 Spatial Clustering in the HMS Software
The Hierarchical Multi-Scale (HMS) software is a computational plasticity tool. It adaptively recon-
structs the macroscopic material properties, such as the plastic potential function, by appropriate
physics-based polycrystalline plasticity models, which operate on crystallographic texture at the micro-
scale and provide homogenized response [1]. The computation of evolution of the material properties at
each integration point in the FE mesh is the most compute intensive operation in the HMS simulation.
Therefore the HMS software does not update the material properties at every plastic strain increment,
but only reconstructs the plastic potential function after a sufficient change of the crystallographic
texture or when a certain level of accumulated plastic strain is exceeded.
In this poster we present a method to further reduce the simulation time by using spatial clustering
[2] with respect to the accumulated plastic strain response. The latter is the most important factor to
update the material properties at an integration point. Let a group or cluster of adjacent integration
points have a similar crystallographic texture at the beginning of a time increment. If the accumulated
plastic strain at these points is similar at the end of the time increment, we can assume that the evolution
of the underlying texture and the associated material properties of these points are similar. Therefore,
the actual update operation of the material properties is only performed at a single representative
integration point per cluster and the updated properties are propagated to the other integration points
belonging to the cluster. This significantly reduces the number of update operations of the material
properties and as a consequence decreases the total simulation time. Figure 1(a) presents accumulated
plastic strain field in a snapshot of the simulation of a complex tensile test. One can easily notice several
nearly homogenous subdomains.
The clustering is achieved by using the agglomerative clustering library of the scikit-learn software
package for machine learning [2]. The accuracy and the performance of the proposed method depend on
the number of clusters. We have to make a trade-off between approximation error and computational
benefit: when the number of clusters increases, the approximation error decreases but at the same time
the computational cost increases.
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Figure 1: (a) Macroscopic specimen used in the complex-geometry tensile test simulation. Magnitude
of accumulated plastic strain at each integration point is color coded. Clusters of homogeneous field
responses can be easily noticed. (b) The enlarged region of interest of the left figure.

2 Results
To assess the approximation error, we compare the plastic slip, which is affected by the updated
anisotropy properties, computed with the original and the improved HMS software, for the tensile
test shown in Figure 1. The plastic slip is the cumulative sum of the magnitude of the plastic strain
vector over the time increments and represents the deformation history. We calculate the relative error
at each integration point and we show the average of these errors in Figure 2 for a varying number
of clusters. We also show the achieved computational speedup in comparison with the execution time
of the original HMS. The number of clusters for which a high speedup and an acceptable accuracy is
achieved is indicated by the dotted vertical line.
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Figure 2: Approximation error and computational speedup as a function of the number of clusters for
the simulation of the complex-geometry tensile test for the geometry shown in Figure 1.
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