
SoftwareX 10 (2019) 100249

Contents lists available at ScienceDirect

SoftwareX

journal homepage: www.elsevier.com/locate/softx

MaterialModeler—From experimental raw data to amaterial model
T. Benkert ∗, C. Hartmann, M. Eder, F. Speckmaier, W. Volk
Chair of Metal Forming and Casting, Department of Mechanical Engineering, Technical University of Munich, Walther-Meisser-Strasse
4, 85748 Garching, Germany

a r t i c l e i n f o

Article history:
Received 23 January 2019
Received in revised form 6 May 2019
Accepted 6 May 2019

Keywords:
Material model
Material characterization
Metal forming

a b s t r a c t

To perform the numerical analysis of metal forming processes, material models are needed. These
models are based on experiments such as the tensile test. To generate a material model from
experimental results, the test data must be analyzed, possibly smoothed, fitted by mathematical
approaches and exported in the format of the simulation software. Currently this is achieved using
proprietary software, self-programmed code or spreadsheets. The software MaterialModeler is aimed
at closing the gap between the data generated in experiments and simulation software to improve the
quality of material models, especially in respect of complex to model materials. Simultaneously, the
error rate compared to the current manual process is decreased and every step from the experimental
raw data to the material model is reproducible. MaterialModeler has been developed in the field of
sheet metal forming, but it should easily be possible to extend its use to other disciplines.

© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Motivation and significance

Today, the numerical analysis of physical processes is almost
entirely based on continuum mechanics, which uses balance
equations (mass, linear momentum, energy) for modeling. The
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formulation of boundary value problems leads to partial differ-
ential equations. To solve the proposed boundary value prob-
lems, numerical methods, such as the finite element method
(FEM) [1], are used. In general, the balance equations provide
five equations for 15 unknown field variables. Consequently, ten
more equations are needed, which are the so called constitutive
equations describing the characteristics of the materials. The
constitutive equations, also called material models, are
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Fig. 1. Global architecture of MaterialModeler.

Fig. 2. Architecture of MaterialModeler input module.

parameter-based descriptions of the material behavior. One com-
mon way of identifying the material parameters of a given model,
is to execute controlled experiments under known conditions.
The model parameters are derived from the experimental data
and prepared for the transfer to the numerical solver, which is
either a manual task or performed using proprietary software. Re-
producing a material model is scarcely possible, because the exact
settings used to generate the model from the experimental data
are usually not published. MaterialModeler aims to overcome
these drawbacks by providing a modular open source platform. Its
modular structure will allow its functionality to be extended far
beyond its current status. Currently, MaterialModeler generates
material models for one finite element (FE) program, which
includes data handling and treating. This is usually the most
time-consuming task in the whole process.

2. Software description

MaterialModeler is able to handle multiple input data from
tensile tests, bulge tests and crush tests, which are the most
widely used experiments for material characterization in metal
forming. Additional tests can easily be added. Originating from
a given set of test data, material parameters for different im-
plemented models can be derived and exported for direct appli-
cation, e.g. in ABAQUS [2]. MaterialModeler’s modular structure
allows it to be easily extended with new material models or
additional export functionality.

2.1. Software architecture

MaterialModeler contains four main modules: the input mod-
ule, calculation module, export module, visualization module.
Fig. 1 shows a schematic diagram of the overall architecture. The
input module reads the raw experimental data and asks for the
material name and density in the first input dialog, see Fig. 2. The

user must decide whether tensile and/or bulge data is provided
or crush experiments should be evaluated.

The import module hands the import information over to the
calculation module (Fig. 3), where all computations for the deter-
mination of the material model are done. Initially, an internal data
structure is created from the provided raw experimental data
to ensure consistent data handling. The data averaging module
makes it possible to edit the experimental data and unifies the re-
dundant experimental files resulting from multiple experiments.
The averaged data is used for all further calculations. Before com-
puting material model parameters, preprocessing calculations for
the respective tests must be performed. The first calculated ma-
terial parameter is the Young’s modulus (E-Modulus). Since the
E-Modulus acts as an input parameter in the following steps, the
user may also define a value. Finally, the other parameters for the
selected models are calculated.

The visualization and export modules prepare the computed
data for documentation and output purposes. The visualization is
interactive and all results can be reviewed before the export. If
adaptions are necessary, the user can go back to the calculation
module for recomputation.

2.2. Software functionalities

MaterialModeler offers commonly used material models in
sheet metal forming analysis. The material models can be split
into elastic and plastic models. Hooke’s law [3] is applied in
most cases when describing the elastic domain of metals. The
only modeling parameters are the E-Modulus and the Poisson’s
ratio. The derivation of E-modulus using the regression method
presented in [4] is implemented in MaterialModeler. For Pois-
son’s ratio, default values from literature are given for standard
material classes (steel, aluminum). Both parameters can also be
defined by the user.
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Fig. 3. Architecture of MaterialModeler calculation module.

Fig. 4. Overview of MaterialModeler’s GUI (top); unprocessed experimental raw data (left); processed experimental data from tensile and bulge tests (middle); final
material model (right).

In the plastic domain, the yield curve is normally used to
describe the hardening behavior of materials. To deduce yield
curve values beyond the limits of the experimental data, extrap-
olation based on suitable models is possible. In MaterialModeler,
the approaches of Ludwik [5], Ghosh [6], Hockett–Sherby [7],
Swift [8] and Voce [9] are implemented. In addition to the single
model use, weighted summation of two models is possible by

introducing a scaling parameter. For the tensile test, the extrap-
olation can be enhanced by additional incorporation of bulge
data, which is adequately transformed by the equivalent defor-
mation power method [10]. Furthermore, n-values can be de-
rived [11]. MaterialModeler can calculate plastic strain ratios [12]
if test data from tensile tests in different rolling directions are
provided.
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The final results from MaterialModeler calculations can be
exported for direct use in ABAQUS without further processing
steps. in its final form, the material model contains the material
name, density, E-Modulus, extrapolated yield curve and plastic
strain ratios.

3. Illustrative examples

Fig. 4 shows the GUI of MaterialModeler.
The user works from top to bottom, completing the process

by exporting the generated material model. The other tabs are
used for data editing, extrapolation and visualization and may be
used as necessary. At the beginning of the main workflow, the
performed test must be chosen and material, density, specimen
geometry and Poisson’s number provided. Subsequently, the data
files obtained from the test equipment are selected and read.
Prior to calculation of the E-Modulus, the user may view and
manipulate the data. The final steps prior to export are calculation
of yield curve, plastic strain ratios and n-values, the latter being
useful in comparing the material data to specifications in stan-
dards. In Fig. 4, three screenshots are shown below the main part
of the GUI. The data manipulation view is depicted on the left. The
view of the averaged experimental results is plotted in the center.
The final modeled flow curve and the underlying experimental
data are visualized on the right.

4. Impact

As MaterialModeler is open source, it will be easy to compare
its results with those of proprietary software. The differences
occurring can be analyzed, e.g. with regard to their impact on
numerical results. This will trigger new research that on the one
hand enhances the quality of material models and on the other
hand investigates which experimental data is actually necessary
to achieve sufficient simulation results. As there is currently no
free software available, the step from experimental data to the
final material model is not covered in current papers. Therefore, it
is to some extent impossible to compare current papers. In future,
it will be possible to provide the settings used in MaterialModeler
to make this step transparent to the scientific community. In
cases, where experimental data is evaluated several times, Mate-
rialModeler generates reproducible and comparable results. Since
the introduction of MaterialModeler at the author’s institute, the
generation of material models from experimental data has taken
a lot less time. The software’s GUI guides the user through the
necessary steps and provides suitable standard values, which
reduces the error rate, especially for inexperienced users, such
as students. Furthermore, the visualizations provide a quick and
easy way to review results and subsequently change settings if
needed.

So far, MaterialModeler has focused on metal forming. Due to
its modular structure, its extension to other research fields such
as civil engineering (modeling concrete or sand) is easily possible.

5. Conclusions

MaterialModeler provides the maximum possible transparency
for the conversion of experimental raw data from standardized
tests into material models. Each step of the process is trace-
able in the code and the extrapolation approaches used can be
checked and discussed by the scientific community. The authors
are convinced that by letting other scientists evaluate, criticize
and contribute to this work, the scientific community will be
able to develop and distribute consistent material models more
quickly than is currently possible.
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Appendix A. Supplementary data and video

Supplementary material related to this article can be found
online at https://doi.org/10.1016/j.softx.2019.100249.
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