A Drop-weight High-speed Tensile Testing Instrument
M. Hahn1)*, J. Lueg-Althoff1), G. S. Daehn2), A.E. Tekkaya1)
1) Institute of Forming Technology and Lightweight Construction, TU Dortmund, Germany; 2) Department of Materials Science

and Engineering, The Ohio State University, U.S.A
* Corresponding author: E-mail address: Marlon.Hahn@iul.tu-dortmund.de; Tel.: +49 231 755 8415
Abstract

In this paper, we p1resent two candidate thermo-mechanical frameworks which make use of the internal variable theory of thermodynamics for damage-coupled finite (visco) plasticity with nonlinear isotropic hardening. The aim is to achieve different mechanical properties over the length of the profile made of EN AW-6082 aluminum alloy. An adapted cooling device provides a local thermodynamic interaction with an extrudate segment. The process heat of extrusion is used for solution annealing. We show that, given a temperature dependent damage dissipation potential, the evolution of inelastic entropy assumes a split form relating to plastic and damage portions, respectively.
Graded aluminum extruded sections could be manufactured on an experimental scale. The possible range of mechanical properties given by the alloy could be covered. By reason of the material’s heat conductivity, time-temperature evolution between the primarily quenched and distant regions is given. Through this, the range between the minimum and the maximum value of mechanical characteristics in one and the same sample is limited. The results show a good correspondence with the experiments.
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Figure 1. Determination of the gage length elongation with (a) experiment and (b) simulation 
However, this puts restrictions over the material parameters selected for the damage dissipation function. Fig.1 shows that both formulations result in identical constitutive forms since the evolutionary equations of the inelastic entropy of the former approach do not explicitly alter the return mapping. Mechanical properties comparable with T4 and T6 temper conditions could be created in the same profile. After artificial aging, the disposition of hardness and tensile strength was measured to characterize the produced profiles. For regularization of the doubly induced softening due to damage and temperature, a simple Perzyna type viscosity is devised.
The system was used to obtain the flow curves of AA5754 at strain rates up to 2200 s-1. The flow curves were verified with the help of finite element calculations by comparing the displacement and full-field strain measurement results. The verification of the determined parameters by means of strain distribution comparisons between an additional experiment and its simulation revealed the necessity for further consideration of the parameters. The developed instrument provides satisfying flow curves, in addition to being simple and cheap.
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