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Abstract: The efficient development and production of high-quality metal parts usually require realistic
numerical simulations before the manufacturing procedure. The selection of the constitutive model has a
considerable influence on the predicted material’s behaviour and, consequently, on the simulation of the pro-
duction process. A large number of constitutive models have been proposed to describe different mechanical
phenomena. However, its selection is a laboured task that requires expertise. An inadequate choice of mod-
els can lead to errors in the numerical predictions and, thus, large costs and delays in the manufacturing
procedure. An automatic constitutive model selection tool, as a recommendation engine, is the answer to
solve this issue. This work aims to compare the quality of the models for a simulation of a DP600 steel.
The approach is based on the identifiability analysis that considers the strain gradient variation due to the
perturbation of the constitutive parameters. With this approach, it is possible to investigate if a constitutive

model is adequate for calibration and reproduction of the material behaviour at hand.
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1 Introduction and literature review

The automotive and aircraft industries usually require high quality in their products and
short time-to-market. Their efficiency relies, among others, on the correctness of the Fi-
nite Element Analysis (FEA) of the forming processes. However, in some cases, the lack of
knowledge and time to correctly describe the material’s behaviour is observed. This can lead
to errors in the numerical simulations and, consequently, large costs and delays. To have
material behaviour predictions, it is necessary to select an adequate constitutive model and
correctly identify the corresponding material parameters. In the last decades, a large number
of models were developed, implemented in numerical simulations and validated experimen-
tally [1, 2]. The choice of the constitutive models that describe the material behaviour is an
issue that a Finite Element Analysis (FEA) software user faces. Its selection for a specific
material and process requires high expertise, an exhaustive investigation and mechanical ex-
perimentation. Many authors have been comparing simulations with different models with
experimental data and finding which is more adequate for a specific material and process
mainly based on trial-and-error approaches [1, 3, 4, 5]. Yet, this comparison can be very
time-consuming, requiring several mechanical experiments, the calibration of the different
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models, the simulation of a process and its validation. Thus, a flexible and automatic tool
or strategy for model selection is lacking in the industry and scientific community.

2 Proposed solution and methodology

The work aims at proposing a methodology to help in the model selection decision-making
considering different materials. The approach is based on the identifiability analysis [6]. It
involves the simulation of adequate mechanical tests for material calibration with perturba-
tions on the material parameters. If the variation in the strain gradients is low when the
parameters are perturbed, it means that the calibration of the considered model should be
problematic. Therefore, the use of the model is not recommended for the material at hand.
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