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ABSTRACT 

Identification and validation of material models for forming 
simulations to match experimental data is a key requirement of 
complex forming applications in the automotive industry. Besides 
the fact that these models need more and relatively expensive 
material data input, a problem is still the reliable fit of all 
necessary parameters. For the steel grade DX54, an interaction of 
strain rate and yield locus has been identified, finally leading to 
different material model calibrations. An even better accuracy of 
feasibility studies is promoted by using advanced yield locus 
models for forming simulations. With a new set of specially 
designed experiments in combination with evolutionary strategies, 
inverse material parameter identification is realized through 
minimization of a nonlinear error function. This approach defines 
a new and powerful method for selection and validation of the 
adequate material model for industrial simulation.   

Categories and Subject Descriptors 
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1. INTRODUCTION 
The demands for a high quality forming simulation have been 
emphasized by the introduction of various new materials with 
often restricted formability. To allow a high flexibility in 
modelling, a large number of theories have been implemented in 
different finite element codes. With respect to material aspects, 
feasibility studies with the help of forming simulations are 
characterized by the hardening rule, yield locus and the failure 
criteria applied. In daily practice, the strain distribution is mostly 
compared with the forming limit curve (FLC).  
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In addition, the friction law, the Young’s modulus, in particular 
for spring-back requirements, and the modelling of a combined 
isotropic–kinematic hardening all play an important role. During 
the design phase of robust processes, the awareness of the 
simulation quality has to be assured. This can partly be done by 
calibrating the material model to different experiments. Figure 1 
illustrates two different processes for calibration of finite element 
material models. The straight forward process is a linear 
combination of material selection, testing, modelling and 
application. This process is often applied when using the model of 
Hill ´48 and hardening functions by Swift or Voce [11]. It starts 
with simple measurements of a hardening curve, of R values (a 
measure of the plastic anisotropy of a rolled sheet material) by a 
tensile test and additionally the forming limit curve (FLC). The 
modelling is simple and the yield locus shape obeys the 
experimentally measured values. The hardening results directly 
from the chosen hardening formula. The risk of this strategy is an 
unqualified simulation due to material behaviour during forming, 
which is not in full correlation to the assumptions selected. 
Because of this, a validation phase with a simulation and real part 
result comparison is often introduced as a quality check.  

 

 

Figure 1: Material model calibration process 

In order to allow the use of more sophisticated and flexible 
models, like Barlat 2000 or Banabic 2005 [4], the straight forward 
process needs some widening. To determine all the material 
model parameters needed, more experiments have to be added in 
the testing phase. After the test results have been interpreted, a 
model can be selected by comparing the predicted values of stress 
and anisotropy with the measurements in the modelling phase. 
Unfortunately, the result of this modelling process is not 
necessarily unique. The left-hand side of figure 2 shows the result 
for mild steel. Based on experiments from tensile tests and 
hydraulic bulge tests, the yield locus shape is plotted for three 
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different models. The biaxial stress point has been calculated 
using the method described in [5]. Hill ´48 does not agree with 
this point and predicts higher stresses in the biaxial stress state. 
Nevertheless, the models of Hill ´90 or Banabic 2005 compared 
here fully correspond to the experimentally determined value. 
With the value of m=6 [4] for steels, which is often given in the 
literature, the difference of both more flexible models 

concentrates in the area around � 11 = 2 � 22. The effect of this 
small difference of 3% is shown on the right hand side for a 
forming simulation with a door inner. By using the model of Hill 
´48, a very safe process is assumed. No necking is expected. In 
contrast to this result, the yield locus of Hill ´90 predicts an 
unstable process and possible necking, whereas the fit of the 
Banabic 2005 model to the testing results, with the reported value 
of m = 6 for the shape, predicts a part with a larger rupture. To 
obtain a forecast similar to that given by Hill ´90 for the critical 
area, the drawing depth would have to be reduced by 1.5 mm for 
this model.   

 

 

Figure 2 Impact of a yield locus selection on a door inner 

feasibility study 

The example given here shows the challenge of designing a 
process for the material data calibration with respect to industrial 
forming simulation. Parameters of this process are time, money 
and validity of the simulation results for a wide selection of 
different parts. Even one or more extra experimental values, not 
focused to the uniaxial stress state, need to be analyzed carefully 
when selecting the final model based on this data.  A new 
approach for parameter identification based on using evolutionary 
strategies and a systematic validation phase is discussed below.  

 

2 MATERIAL MODELLING 
Several yield loci models for anisotropic materials like Hill ´48 
[11], Barlat ´89 [7], Barlat 2000 [8], Banabic 2005 [2] and Dell 
2006 [8] have been proposed. Each yield locus model comprises 
parameters for modelling the desired material. The parameters are 
obtained by the minimization of the difference between a finite 
number of predicted and measured stress states and strain ratios 
(R values). In contrast to the Hill ´48 yield locus, those models 
published in the last decade offer more parameters, which enable 
better adaptation to the measured quantities. The drawback of the 
latter mentioned yield loci is the necessity of additional 
experiments for identifying all of the model parameters. Usually, 
the tensile, hydraulic bulge and shear tests serve the measured 
quantities. These experiments will be referred to as fundamental 
experiments. In this work, the flow curve Y���� is obtained by a 

tensile test in the rolling direction and complemented by a bulge 
test for high strain states [5]. Furthermore, the hardening is 

assumed to be isotropic and the results of the fundamental 
experiments are assumed to be sufficiently stable and accurate. 
The accumulated plastic strain η� [2] is given by 

η� 
 �η�� dt η�� 
 σ: d�σ� �1� 
where σ is the Cauchy stress tensor and d� is the rate of 
deformation. The effect of strain rate can be described by the 
strain rate sensitivity m [10]. Two tensile tests, performed under 
different rates (D, dynamic; S, static), are needed in order to 

identify the model parameter m.  

m 
 ln �Y�Y�� / ln�η�����η������ �2� 
The subsequent investigations are based on the plane stress yield 
loci Barlat ´89 and Barlat ´2000. For the following equations, the 
plane stress Cauchy stress tensor is defined in the axis system of 
the anisotropy. The Barlat ´89 yield locus may be written in the 
following form: 

F�σ, η�� 
 σ����σ� " Y���� 
 �12 #a|K' ( K)|* ( a|K' " K)|* ( c|2K)|*,� '* " Y���� - 0 �4� 
K' 
 σ00 ( hσ112 K) 
 2�σ00 " hσ112 �) ( p)σ01) �5� 

The Barlat ´89 yield locus reduces to the function proposed by 
Hill (1948) for the exponent of m 
 2. The parameters a, c, h 
and p, which describe the anisotropy of the material, can be 
obtained from measured R values of tensile tests in three different 
directions.  

In the case of the Barlat 2000 yield locus, the anisotropy of the 
material is modelled by a linear transformation of the stress 
tensor. The transformation itself is defined by the parameters α7, 
which have to be determined for each material. 
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Finally, the yield locus is formulated in the principal space of the 
transformed stress tensor. 

R′ 
 |X'′ " X)′ |T R′′ 
 |2X)′′ ( X'′′ |T ( |2X'′′ ( X)′′ |T �8� 
F�σ, η�� 
 σ����σ� " Y���� 
 �12 �R′ ( R′′��'T " Y���� - 0 �9� 

Because of its eight parameters, this formulation offers more 
flexibility than the Barlat ´89 yield locus in order to reflect the 
results of the fundamental experiments. For the determination of 
the parameters α7, the following non-linear system of equations 
has to be solved [2]. 

σ��σUU, α, α7� " Y���V� 
 0 σ��σHI, α, α7� " Y���V� 
 0 σ��σWU, α, α7� " Y���V� 
 0σ��σX, α, α7� " Y���V� 
 0 �10�rUU�σUU, α, α7� " rUUZ0� 
 0 rHI�σHI, α, α7� " rHIZ0� 
 0 rWU�σWU, α, α7� " rWUZ0� 
 0rX�σX, α, α7� " rXZ0� 
 0
 

A possible approach to solving this system is the formulation of 
an optimization problem. The corresponding objective function is 
shown in equation (11). The experimental results are equally 
weighted [BACP03].  

f\7] 
 ^�σ�_7 " Y���V�Y���V� �)G
7`'

( �σ�X " Y���V�Y���V� �) �11�
                     (^�r_7 " r_7Z0�r_7Z0� �)G

7`'
( �rX " rXZ0�rXZ0� �) a min  
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3 EXPERIMENTS 

In order to combine the material model identification and the 
validation phase, a set of experiments has been developed. The 
main objective of the test and tool design is to clarify hard-to-
measure yield locus parameters. In prior studies, a significant 
impact of the yield locus shape, in combination with the selected 
hardening formulation, has been identified when the strain level 
comes near the FLC. The greatest impact of the yield locus shape 
occurred when complicated stretch forming conditions with 
different biaxial stress levels were oriented inside one 
geometrically defined stress path [5].  

The essential elements of the proposed tests are online 
measurements of strain developments and the combination of 
different geometries with varying free areas of stretched material. 
BMW Group and ThyssenKrupp Steel Europe have jointly 
identified three different die face combinations to allow the 
simultaneous identification and validation of a yield locus shape 
exponent. The Yield Locus Identification Tool 1 of TKSE (YLIT 
1 – TKSE) has a hemispherical punch in combination with a 
circular die opening. The punch diameter can vary between 20 
mm and 80 mm and the die diameter should then measure 1.5 to 
2.5 times the punch diameter. During testing, the rectangular or 
shaped sheet is fully clamped by a blank holder. The tooling is 
equipped with an on-line camera system for the strain 
measurement and a load cell for the force detection. At the end of 
a test, performed until a first visible necking is apparent, all areas 
of the blank can be analyzed with a strain measurement system to 
identify major strain directions and also strain combinations. It is 
also possible to derive an exact strain path history wherever the 
critical position develops. The YLIT 2 – TKSE and YLIT 3 – 
BMW Group are similar in geometry, but different in dimensions. 
By combining a square punch and a circular die opening, different 
stress states can be adjusted. A key function is the blank width 
selected for the experiment. The dimension of the punch ranges 
from 20 mm up to 100 mm and the die opening corresponds to 1.3 
to 2.5 times the punch edge length. Again, the blank is fully 
clamped during the experiment and all process parameters can be 
recorded in a manner similar to the YLIT 1 – TKSE setup.  

Figure 3 shows the fundamental specimen shape for YLIT 1 and 
YLIT 2. Both specimens are in the state of a visible localized 
necking. The location of necking is not in an area with tool 
contact for both experiments. This allows a free material flow in 
the highly stressed region. For the results discussed below, the 
strain development on the pole and at the necking zone is used. 
Additional strain combinations are given for discrete punch travel 
positions before the maximum strain reaches the FLC.    

   

4 INVESTIGATIONS OF THE YLIT 1 – 

TKSE, YLIT 3 – BMW 

The steel grade DX54 is taken as an example for the subsequent 
investigations. Hence, the presented results are only valid for the 
mentioned material. All discussed findings are based on the 
fundamental experiments, the chosen strategy for the computation 
of the equivalent plastic strains and the determination of the static 
flow curve. If a different hardening extrapolation would be 
selected, we assume that the conclusions would be different.  

The punch position of the experiment, which is related to the 
beginning of the localized necking, is defined as the reference 

drawing depth. The failure evaluation on the basis of the forming 
limit curve (FLC) is a widely applied method for predicting the 
onset of necking instability, which is defined in the principal 
strain space and was originally introduced by Keeler [10] and 
Goodwin [14]. A material point is considered safe in terms of 
necking instability under the condition that the principal values of 
the associated strain tensor are below the curve. Provided the 
forming limit curve describes the material failure sufficiently 
accurately, an ideal material model should give, for the reference 
drawing depth, a principal strain tensor field, which does not 
exceed the FLC curve and contains regions which are close to the 
failure limit.  

 

 

Figure 3: YLIT 1 and 2 specimen with the onset of a localized 

neck 

Table 1 and table 2 show the reference drawing depth of the 
experiment and a selection of simulation results. According to the 
results depicted in figure 4, table 1 and 2, the exponent of the 
yield locus has a strong influence on the prediction of the drawing 
depth. Hence, the drawing depth can act as an indicator for the 
yield locus exponent. Some yield locus exponents predict a 
significantly different drawing depth for specimens, extracted in 
and perpendicular to the rolling direction (RD rolling direction; 
TD transverse direction). As a consequence, both types of 
specimens will be investigated in the subsequent sections. 
Furthermore, there is a noteworthy difference between those 
results obtained taking the strain rate dependency of the material 
hardening into account and those which are obtained without 
taking it into account. As opposed to the Barlat 2000 yield locus, 
the Barlat ´89 yield locus is able to predict the measured drawing 
depth with and without modelling strain rate dependency of the 
hardening effect (m 
 4.7 ; m 
 3.2). This result will be 
discussed again further below. Regarding the Barlat 2000 yield 
locus, a good prediction is obtained by an exponent of a 
 5.0. 
The  Barlat 2000 yield locus does not have an advantage if 
exponents below a 
 3 are applied. Therefore, the exponent a 
 3 is considered as a lower boundary for this material. 
Additionally, figure 5 illustrates the dependency of the position of 
the necking zone with respect to the yield locus exponent for the 
YLIT 3 – BMW. For the further investigations, additional 
measured quantities for the evaluation of the considered material 
models are introduced. First of all, the strain state in the centre of 
the necking zone is taken into account. The strain state is 
extracted on the basis of the punch position of 4 mm below the 
reference drawing depth. Finally, the punch force is also applied 
for comparing the simulation results with the measured data. The 
given forces are related to the same punch position as the strain 
states. Table 1 and table 2 show that two different exponents of 
the Barlat ´89 yield locus are able to predict the drawing depth in 
accordance with the experiment. As the strain increment during 
the simulation is derived from the yield locus, different yield 
locus shapes should lead to different strain states, which is 
confirmed by the results of table 3. The comparison of the 
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deviation between the computed and measured strain states shows 
(table 3) that the solution obtained by the strain rate dependent 
hardening model should be preferred. Provided the strain rate 
dependent hardening is applied, the prediction quality on the basis 
of both yield loci with respect to the introduced measured 
quantities is similar. 

 

 

Figure 4: Comparison of the maximum drawing depths, YLIT 

1 – TKSE 

 

Table 1: Drawing depth, strain rate dependent hardening, 

YLIT 1 – TKSE 

 

 

Table 2: Drawing depth, without strain rate dependent 

hardening,  

YLIT 1 – TKSE 

 

As the Barlat 2000 yield locus reflects the measured quantities of 
the fundamental results more accurately than the Barlat ´89 yield 
locus, the prediction of arbitrary stress states should be better. 
Therefore, if a choice has to be made, the Barlat 2000 yield locus 
could be preferred here. However, it has to be mentioned, that 
other yield loci containing a sufficient number of parameters, like 
Banabic 2005 or Dell 2006, should also be able to give similar 
results to the Barlat 2000 yield locus. 

   

 

Figure 5: Different locations and shapes of localized necking, 

YLIT 3 – BMW 

 

Table 3: Results of the subsequent necking zone, YLIT 1 – 

TKSE 

 

5 OPTIMIZATION 

According to the presented results, a potential of determining the 
yield locus exponent by an inverse approach, is recognisable. The 
exponent is derived indirectly from the lowest possible deviation 
between the simulation results and the measured data. The 
described task can be formulated as an optimization 
(minimization) problem. Thereby, the objective function measures 
the difference between the simulation and the measured data. 
Additionally, it also is necessary to answer the question as to 
whether friction has a strong influence on the simulation results. 
For answering this question, the sensitivity of the friction 
coefficient will be analyzed on the basis of the optimization 
results. The time consumption for the optimization is determined 
by the computation time of an objective function evaluation, 
which lies in this case, between an hour and two hours, and the 
soft- and hardware resources. Therefore, an optimization strategy 
is preferred, which gives the desired result with a minimum of 
objective function evaluations. Additionally, an optimization 
strategy is needed, which allows a sensitivity analysis and is able 
to overcome local minima. Grid and gradient methods are, 
therefore, not recommended. It is proposed to use evolutionary 
strategies for performing the optimization. Evolutionary strategies 
meet the mentioned demands and show a high robustness 
regarding nonlinearities. Hence, this approach seems to be a good 
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compromise in comparison to a full sampling, which is too 
expensive, and does not focus on the interesting parameter space 
regions. A comprehensive description of evolutionary strategies 
can be found in [Bäc96].  

 

 

 Figure 6: Identification model parameters 

Figure 6 illustrates the scheme of the optimization for the 
determination of the yield locus exponent. As depicted, each 
optimization step comprises a calibration of the yield locus 
parameter α7 depending on the selected yield locus exponent a. As 
mentioned above, the identification of the yield locus parameter 
can be performed on the basis of an optimization. As all the 
parameters α7 are real valued, the CMA-ES (Covariance Matrix 
Adaptation-Evolutionary Strategy) algorithm of Hansen [9] is 
applied. After the yield locus parameters are determined, the input 
files for the simulation are generated, the forming simulation is 
performed and the results are evaluated. Subsequently, the 
simulation results are prepared for the comparison with the 
measured data. Finally the value of the objective function is 
computed. The prediction quality of the material model is 
measured, as shown above, on the basis of the drawing depth and 
the prediction of the strain state in the necking zone. For treating 
this multiple objective problem a desirability function is applied, 
as there is not any conflict expected between the objectives. In 
this case, a prior knowledge regarding the link between the 
objectives is necessary. Expression (13) shows the applied two- 
sided Harrington desirability function [13]. 

d7�Yd� 
 efghigj Yd 
 2Y " �U ( L�U " L �13� 
The objective function value is computed as shown by (14).  

f 
 1 "md7n
7`'

�14� 
Table 4 summarizes the parameters of the Harrington desirability 
function, which have been applied for linking the objectives. The 
values for the parameters have been chosen based on experience. 

Table 4: Parameters Harrington desirability function 

 

 

For the drawing depth and for both principal values of the 
considered strain states a desirability function is defined. On the 
basis of these set of desirability functions for each specimen (in 
and perpendicular to the rolling direction) the objective function is 

calculated as shown by (14). Table 5 shows the domain of the 
yield locus exponent for the optimization and the additionally 
investigated parameters. 

Table 5: Optimization parameters 

 

 

For this optimization, an extended (1,λ)-evolutionary strategy [1]  
has been applied. Figure 7 depicts the result of the yield locus 
exponent identification. The best prediction of the strain state and 
the drawing depth is obtained by an exponent between 4.8 and 
5.0. This range is derived from figure 7 by considering both, the 
best and the worst fitness value related to each yield locus 
exponent. The mentioned interval also implies fitness values of 
1.0, which are ignored. The reason why these points are 
permissible is given below. 

 

 

Figure 7: Identification model parameters, yield locus 

exponent 

The determined exponent is in accordance with the investigations 
of chapter 4. The subsequent investigations are based on the 
exponent of 5.0. According to figure 8, friction does not play a 
crucial role for the prediction of the measured quantities of the 
investigated YLIT-experiment, because the optimum is obtained 
for friction coefficients between 0.08 and 0.11. As shown by table 
2, the prediction of the drawing depth fails, if the strain rate 
dependency of the material is not considered. According to figure 
9, satisfying results are only obtained under the consideration of 
the strain rate effect, which confirms the findings of table 2. All 
the objective function evaluations, which are performed without 
taking the strain rate depended hardening into account, lead to a 
fitness value of 1.0 independent of any other model parameter. 
Hence, figure 7 comprises even for a yield locus exponent 
between 4.8 and 5.0 fitness values of 1.0.  
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Figure 8: Identification model parameters, friction 

 

 

Figure 9: Identification model parameters, strain rate 

dependency 

As mentioned above, for the calibration of the yield locus, the 
measured stress and strain state of the fundamental experiments 
are needed. Generally, the intrinsic values of these measured 
quantities are unknown. Additionally, further measured quantities 
are needed for the calibration of the hardening model and the 
elastic material model (table 6) like the Poisson’s ratio or the 
strain rate sensitivity (m-Value), which are also obtained from the 
fundamental experiments. The so far presented results are based 
on a material model, implying the directly measured values from 
the fundamental experiments, which will be called standard 
material model calibration. Now, the question arises, whether the 
result of the inverse identification of the yield locus exponent is 
strongly affected by the uncertainty of the measured quantities 
derived from the fundamental experiments. A possible solution 
for investigating this question could be a design of experiments 
DOE of the measured quantities in the estimated range of their 
uncertainty. It has to be mentioned, that the determination of a 
confidence interval of the measured quantities is too expensive. 
Hence, the interval of the uncertainty is estimated on the basis of 
experience and the center of the interval is assumed to be 
coincident with the measured values. In this case, for each 

variation of the measured quantities, the best possible exponent 
would be determined. 

 

Table 6: Allowed tolerances in the measured input data 

  

Such an investigation would give the sensitivity of the measured 
quantities with respect to the inversely identified yield locus 
exponent. As a result, it would lead to a parameter space with 
fourteen dimensions. Under consideration of the commonly 
available hardware resources in an industrial environment, such a 
DOE based investigation would be too expensive.  

 

 

 Figure 10: Investigation: uncertainty measured quantities 

 

Hence, another approach is suggested. Instead of a DOE, an 
optimization problem can be formulated. The design space of the 
optimization is identical with the space defined by the measured 
quantities. The objective is to find a 14-dimensional vector of the 
measured quantities, which maximizes the deviation between the 
simulation result and the measured data of the YLIT experiment. 
Apart from transforming the minimization into a maximization, 
the same scheme is used as for the identification of the model 
parameter (Figure 10). For this optimization, the identified yield 
locus exponent (a=5.0) is used and the strain rate dependency of 
the material is considered. The remaining yield locus parameter 
are calibrated for each simulation within the optimization. As a 
result, the worst case regarding the influence of the uncertainty of 
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the measured quantities for the material model calibration on the 
simulation based prediction of the YLIT experiment is obtained. 
This approach is a compromise in order to perform the desired 
investigation by investing a minimum number of objective 
function evaluations. According to figure 11 a maximum has been 
found after 50 objective function evaluations. Figure 12 and 13 
shows the development of the optimization parameters. The 
parameters are separated into two pictures in order to increase the 
clarity. The ranges of all the parameters are mapped into an 
interval between zero and one.  

 

 
Figure 11: Investigation: uncertainty measured quantities, 

values objective function 

 

Table 7: Investigation: uncertainty measured quantities, 

maximum deviation 

 
 

The worst case, identified by the optimization, is compared with 
the prediction of the simulation implying the standard material 
model calibration (table 7). Even under the worst possible set of 
measured quantities, obtained from the fundamental experiments, 
the results of the YLIT-experiment are predicted well. 
Consequently, the identified yield locus exponent gives satisfying 
results in the domain of the uncertainty of the fundamental 
experiments. One has to bear in mind that the uncertainty of the 
measured quantities has been assumed. Hence, a wider range of 
interval of the uncertainty could lead to worse results. 
Additionally, the center of the interval has been assumed to be 
coincident with the measured values. 

 

 
Figure 12: Investigation: uncertainty measured quantities, 

parameter propagation 

 

 
Figure 13: Investigation: uncertainty measured quantities; 

parameter propagation 

 

6 VALIDATION BASED ON THE YLIT 2 - 

TKSE, YLIT 3 - BMW 

The determination of the material model has been based on the 
experiment YLIT 1 – TKSE. As a material model should be able 
to predict the material behavior for arbitrary stress states, it is 
proposed to perform additional validation experiments.  

In this work, the experiments YLIT 2 - TKSE, YLIT 3 – BMW 
act as validation experiments. According to table 8, the Barlat 
2000 yield locus in combination with the exponent 5.0 gives a 
good prediction of the strain state in the necking zone. Again, as 
for the YLIT 1 – TKSE experiment, the strain states are taken 
before localized necking occurs. For the future, additional 
validation experiments should be considered in order to capture a 
wide range of stress states. 

Table 8: Results of the subsequent necking zone 
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7 DISCUSSION AND OUTLOOK 

The requirements for the quality of forming simulations are 
increasing. Each company has to balance the efforts of a material 
model calibration in combination with the validation work with 
respect to the requirements of the individual die making process. 
A final recommendation for one specific and individual material 
model or material model calibration can therefore not be given 
here. The following text discusses identified findings.  

To date, it seems that the existing material modelling is sufficient 
for a large number of steel families. The generally applied model 
of Hill ´48 did not fulfil all YLIT-requirements in the best way 
and is therefore not the best choice when trying to operate near the 
FLC. To gain more accuracy by material modelling, one of the 
biggest challenges is the identification of the material parameters 
for the constitutive laws. This is especially true for the advanced 
material models with a larger number of parameters. Nevertheless, 
a variety of expensive non-standardized experiments allow a 
mathematical calibration procedure today. In this procedure, some 
areas of a yield locus still have to be defined by guessing or 
performing even more experiments (plane strain area). 
Unfortunately, the identified material model fit cannot directly be 
ranked with respect to the final result quality when simulating real 
industrial parts. Especially with advanced yield locus models, we 
identified a difference of the first parameter identification, fully 
on the basis of fundamental tests and the later final fit, by using 
optimization procedures and specially designed validation 
experiments. It therefore seems beneficial to include a well 
designed validation loop in this material modelling process, 
compare figure 1.  

For hot-dip galvanized and electrolytically coated mild steel 
grades, in combination with an explicitly formulated FEM code, 
we summarize our findings as follows when applying them to the 
reference tools:  

� With strain rate sensitivity, all experimental data (punch 
travel, strain distribution, necking location) are reproduced in 
a better, more realistic way. The simulation instability 
corresponds well with the experimental point of instability.  

� Evolutionary strategies in combination with the selected 
validation experiments allow a fit of the yield locus shape 
function parameter and to date have given results. 

� An optimization based approach is proposed in order to 
investigate the influence of the uncertainty of the measured 
quantities on the prediction of the simulation with respect to 
the  YLIT-experiments. 

The outcome of this investigation is a clear need to add well 
designed validation experiments or to safely identify parameters 
which are not directly derived from the fundamental tests. In this 
paper, we propose three different YLIT-experiments, with a 
relatively simple geometrical shape but complex material 
stressing. A clear reaction caused by the yield locus parameters 
has been identified by the specially designed experiments. 
Evolutionary strategies in combination with an appropriate 
objective function are a valuable approach for the cost-efficient 
identification of the yield locus parameter on the basis of the 
fundamental and the proposed experiments. This is because, as 
shown above, different measured quantities (drawing depth, strain 
state) have to be taken into account for assessing a yield locus and 
its parameters for a material. The formulation of an optimization 
problem makes it possible to determine the yield locus parameters 

automatically. As a next step, the complete material modelling 
process result has to be proven in the tool shop.  
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