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Sheet metal forming is an important technology in manufacturing, especially in the automotive industry. Today, engineering
simulation tools based on the finite elements method are employed regularly in the design of stamping dies for sheet metal parts.
However, a bad material model choice or the use of nonaccurate enough parameters can lead to imprecise simulation results.
This work uses ANSYS LS-DYNA software to analyze several material models and the influence of their parameter values in FEM
simulation results. The main tool to solve these problems is an application designed to assist die stamp designers. The program
allows a procedure to be defined to obtain the values of the properties of an unknown material, which combines finite element
simulations with real experimental results. Results obtained for the simulation of a real automotive part are analyzed and compared
with the real experimental results. Parameters involved in each material model have been identified, and their influence in final
results has been quantified.This is very useful to fit material properties in other simulations.This paper fulfils an identified need in
themanufacturing industry. In fact, the proposed application is currently being used by amanufacturer of automotive components.

1. Introduction

Automotive industry has been a major sector of the world
economy for a long time. To be competitive in this business is
necessary to minimize manufacturing cost through efficient
and effective design. A general goal of typical auto part
manufacturing development is to produce parts with shape
conformance and without cracking/tearing or wrinkling [1].

Sheet metal stamping process is among the oldest and
most widely used industrial manufacturing processes [2, 3],
especially in the automotive parts industry. Stamping is a
critical activity characterized by short lead times and constant
technological modifications in order to improve quality and
reduce manufacturing costs [4]. However, each experimental
setup in automotive parts industry is usually very costly and
time consuming, because a trial-and-error approach through
physical experiments must be implemented to search an
optimal process [1].

Simulation of stamping process bymeans of finite element
computer analysis has proved to be a powerful tool to evaluate

the formability of stamping parts during process and die
design procedures and is capable of helping engineers solving
different technological tasks [4–7], such as testing the impact
of different lubricants or evaluating the effect of small changes
in process parameters.

The sheetmetal forming process, in theory, can be viewed
as relatively straightforward operation where a sheet of mate-
rial is plastically deformed into a desired shape. In practice,
however, variations in blank dimensions, material properties,
and environmental conditions make the predictability and
reproducibility of a sheet metal forming process difficult [8].

Because of this, sheet metal forming results on a process
that is heavily experience based and involves trial-and-error
loops.The less the experience on the part geometry andmate-
rial is the more these loops are repeated. In the innovative
process design procedure, however, the trial-and-error loops
can be reduced by means of computer simulations.

With the increasing popularity of FE simulations in
automotive companies, the forming analyses of sheet metals
are performed repeatedly in the design feasibility studies
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of production tooling and stamping dies [9]. With these
analyses, the formability of the sheet material part can be
calculated, but it is also possible to estimate the deformed
geometry of stamped parts. To do it, it is necessary to quantify
accurately the sheet metal springback [10].

The problem of springback deformations in sheet metal
parts makes most of the produced parts not conform to the
design geometry within the required dimensional tolerances
right at the first time [11], and this dimensional accuracy
becomes a crucial factor in determining the overall quality
of the part as part components get smaller and tolerances get
tighter [12].

It is also well known that the forming limits vary from
material to material. Because of these considerations, knowl-
edge of the behaviour of sheet metal is critical to the success
of the sheet forming operation [13].

The trend to reduce weight of the cars in order to reduce
the fuel consumption obliges the automotive industry to test
new materials not used before. This leads to the following
problem: behaviour of new materials is not as well known
as behaviour of traditional ones. Constitutive modeling for
classical steels can be considered as satisfactory, whereas for
new high-strength steels as well as for aluminium alloys
available models are still unsatisfactory [5]. Furthermore, the
use of these materials makes the springback problem more
important [14].

Taking into account previous exposition, it is clear that
a good material model is essential when trying to simulate a
stamping process by FE tools. These material models usually
involve a lot of parameters, and it is quite difficult for
engineers to consider all of them.

In this work, three different material models have been
used to simulate a well-known stamping process. Results
for each simulation are shown and discussed. A procedure
to create an accurate material model is proposed. Such a
procedure combines real test results, FEM simulations and
optimization tools.

2. Experimental Experience: Pattern Test

To validate a simulation of a stamping process, simulations
results have been often comparedwith experimental results in
benchmark problems, such as those proposed by Buranathiti
and Cao [15, 16]. The use of such benchmark tests forces the
manufacturer to build a special device for each kind of test.
It is also well known that material behaviour is not the same
when stamping as when bending, for example. Therefore it
does not seem appropriate to use just one experimental test
to adjust material parameters.

To avoid this problem, the following solution is proposed
[17].

Step 1. First, it is necessary to determine which manufac-
turing processes are going to be simulated, for example,
stamping and bending.

Step 2. Next, a real experimental manufacturing process of
each type is selected. Since this procedure is being applied
in a real manufacturing industry, these processes have been

selected from those already performed in this factory. This
avoids the need to build new devices and allows the designer
to use all the knowledge that has been previously acquired.
The selected process will be called a pattern test, and it will be
used to adjust the material parameters.

Step 3. Then, the pattern test is carried out using the new
material whose parameters are going to be determined. Since
the process is well known, all the modifications that appear
are due to the material.

Step 4. Once material parameters have been determined,
they can be used to simulate other similar processes. For
example, to determine by simulation a better design for the
dies of a new stamping process. By doing this, the need to
build real dies decreased extremely.

This paper focuses on Step 3, that is, the way in which
the material parameters should be adjusted from a real well-
known pattern test.

3. Material Models Selection

The complexity of stamping processes forces the use of high-
level software, which must be able to simulate contacts and
dynamic loads.This paper adopts ANSYS and LS-DYNA [18].

When trying to select a material model for the blank
(between the more than 100 models implemented in LS-
DYNA), several aspects must be taken into account.

(i) The model has to be applicable to metals.

(ii) It has to work with shell elements (that are generally
used for meshing the blank [5]).

(iii) It must include strain-rate sensitivity.

(iv) It has to deal with plasticity.

(v) It has to be able to study failure.

According to these statements, three material models have
been selected for this study:

(1) kinematic/isotropic elastic plastic;

(2) strain rate dependent isotropic plasticity;

(3) piecewise linear isotropic plasticity.

3.1. Kinematic/Isotropic Elastic Plastic Model. This material
model is described by the expression (1) [19], based on the
Cowper-Symondsmodel [19–21], which scales the yield stress
by a strain rate dependent factor:

𝜎𝑦 = [1 + (

̇𝜀

𝐶

)

1/𝑝

] (𝜎0 + 𝛽𝐸𝑝𝜀
𝑝

eff) , (1)

where 𝜎0 is initial yield stress, 𝜎𝑦 is yield stress, ̇𝜀 is strain
rate, and 𝛽 is varying this parameter; isotropic (𝛽 = 1) or
kinematic (𝛽 = 0) hardening can be obtained. In this work,
isotropic hardening is supposed, so 𝛽 = 1. 𝐸𝑝 is plastic
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hardening modulus, defined by (2), where 𝐸𝑡 is the tangent
modulus and 𝐸 is the elastic modulus:

𝐸𝑝 =

𝐸𝑡𝐸

𝐸 − 𝐸𝑡

, (2)

𝜀
𝑝

eff is effective plastic strain, and 𝐶 and 𝑝 are strain rate
parameters.

The following parameters have to be specified by the user
in order to define properly this material when using LS-
DYNA.Those parameters are as follows:

(i) density;
(ii) Young’s module;
(iii) poisson ratio;
(iv) initial yield stress;
(v) tangent modulus;
(vi) hardening and strain rate parameters 𝛽, 𝐶, and 𝑝.

3.2. Strain Rate Dependent Isotropic Plasticity Model. In this
model [19, 22], a load curve is used to describe the initial
yield stress 𝜎0 as a function of effective strain rate ̇𝜀eff, and
the yield stress 𝜎𝑦 is a function of the initial yield stress, the
effective plastic strain 𝜀𝑝eff, and the plastic hardening modulus
𝐸𝑝 obtained through (2). The yield stress for this material
model is defined as

𝜎𝑦 = 𝜎0
̇𝜀eff + 𝐸𝑝𝜀

𝑝

eff, (3)

where ̇𝜀eff is the effective strain rate.
In this case,material density and Poisson ratio are defined

as scalar parameters, but the other properties can be defined
as a function of effective strain rate. So, the entries for the
model are as follows:

(i) density;
(ii) poisson ratio;
(iii) load curve for defining the Young’s module versus

effective strain rate;
(iv) load curve for defining the initial yield stress versus

effective strain rate;
(v) load curve for defining the tangent modulus versus

effective strain rate;
(vi) load curve for defining the Von Mises stress at failure

versus effective strain rate.

3.3. Piecewise Linear Isotropic Plasticity Model. This is a
multilinear elastic-plastic material option that allows stress
versus strain curve input and strain rate dependency [19, 21,
23, 24]. Yield stress is expressed as

𝜎𝑦 = 𝜆 [𝜎0 + 𝑓ℎ (𝜀
𝑝

eff)] , (4)

where the hardening function 𝑓ℎ(𝜀
𝑝

eff) can be specified in
tabular form. Otherwise, linear hardening is assumed as

𝑓ℎ (𝜀
𝑝

eff) = 𝐸𝑝𝜀
𝑝

eff. (5)

The parameter 𝜆 accounts for strain rate effects.There are
three options to obtain it. For each of these options, the user
has to specify different parameters, although there are some
values that are always needed:

(i) density;
(ii) young’s module;
(iii) poisson ratio;
(iv) effective plastic true strain at failure;
(v) initial yield stress and tangent modulus (or alterna-

tively tabular form for 𝑓ℎ(𝜀
𝑝

eff)).

The three options can be explained as follows.

(1) Strain rate may be accounted for using the Cowper-
Symondsmodel, which scales the yield stress with the
factor expressed in (6). In this case, the user has to
specify strain rate parameters 𝐶 and 𝑝:

𝜆 = 1 + (

̇𝜀

𝐶

)

1/𝑝

. (6)

(2) A load curve which defines 𝜆 versus strain rate can be
directly introduced.

(3) Different stress versus strain curves can be provided
for various strain rates. Intermediate values are found
by interpolating between curves.

4. Example: Stamping Pattern Test

The pattern test selected for the deep stamping process is
being used as an example of the procedure.

This test is the first of the five stages needed to manu-
facture the part shown in Figure 1, which belongs to the fix
system of the spare tire of a Mercedes Vito. Figures 2 and 3
show different views of the real dies used in this test.

A diagram of the position of the parts at the beginning of
the test can be seen in Figure 4.

The blank is leaned on the bed die and the process starts
with the movement of the blankholder, which applies a load
to hold the blank once contact is established between them.
After that, punch begins to go down, deforming the blank to
obtain the part shown in Figure 5.

Deformed blank was measured with a Mitutoyo coordi-
nate measuring machine (Figure 6), and the dimension used
to be compared with simulation results is shown in Figure 7.

5. Finite Element Simulation

As is used to do in simulation of stamping processes [5, 8, 11,
25, 26], it is divided into two major steps:

(1) an explicit analysis that includes the blank and the
dies to determine the sheet metal deformation during
the stamping process;

(2) an implicit analysis to predict the sheet metal spring-
back deformations after the removal of the dies.
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Figure 1: Part manufactured by five stamping stages.

Figure 2: Pattern test for the deep stamping process. Top view.

Figure 3: Pattern test for the deep stamping process. Bottom view.

Bed die
Blank
Blankholder
Punch

Figure 4: Pattern test for the deep stamping process.

Figure 5: Deformed blank obtained by pattern test.

Figure 6: Mitutoyo coordinate measuring machine.

Δ
z

Figure 7: Dimension used to compare experimental and simulation
results.

Table 1: Loads and displacements used in the pattern test simula-
tion.

TIME (s)
Punch

displacement
(mm)

Blankholder
displacement

(mm)

Blankholder load
(𝑁)

0 0 0 0
0.5 −38 −25 −90000
1 −78.5 −49.998 −90000
1.5 −116.498 −49.998 −90000
2 −78.5 −49.998 −90000
2.5 −38 −25 −90000
3 0 0 0

It is also common in sheet metal forming analysis to
include only the surface of the dies in the finite elements
model and define them as rigid entities [5]. This allows using
shell elements for meshing the dies. Due to the aspect ratio
of the blank, it has also been meshed with shells elements
(Figure 8).

Regarding the question of thematerialmodel, a nonlinear
isotropic hardening model has been implemented. These
isotropic hardening plasticity models that include the initial
material anisotropy are the industry standards for the sheet
metal process simulation and are assumed to be accurate
enough [26].

Contacts between the blank and the dies have been
defined using an automatic surface-to-surface contact algo-
rithm and defining appropriate friction coefficients.

Finally, boundary and loading conditions have been
specified by fixing degrees of freedom of the dies or by
applying displacements and loads to them to simulate the real
process (Table 1).
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LS-DYNA user input

Figure 8: Finite element model of the dies and the blank.

Deformed blank, after springback simulation, can be seen
in Figure 9.

6. Developed Application

As can be seen in previous section, building the finite element
model is a hard duty, specially using high-level software as LS-
DYNA.

Usually, these commercial applications are not easy to
use, and the designer must employ a lot of time and effort
in learning how to use them.

Because of that, an application to automate the finite
element simulation has been designed [17]. This application
is programmed in Matlab and offers the user a very friendly
windows environment.

Since pattern tests are fixed and well known, there is no
need to introduce any new parameter or command in the
simulation model, just those related to material parameters.
Taking this into account, the process has been programmed
and it can run “blindly” for the user; that is to say that
there is no need for his intervention during the simulation;
furthermore, the user does not need to know how it works.

All the information that has to be introduced to define
parts geometry, contact properties, loads, movements, and
meshing is already collected in a subroutine that can be read
by the finite element software.

Exposed procedure can be seen in Figure 10, where stages
that require user intervention are drawn with solid line and
those that can run “blindly” are drawnwith broken line. It can
be summed up as follows.

(1) By means of the windows environment, the user
chooses the kind of pattern test that is being simulated
and introduces initial values for the material param-
eters. As a result, a text file is generated and the finite
element software begins to run.

(2) Initially, the user has to specify four different values
for the material parameters, so the program will do
four simulations over the same model, in order to
have enough data to do an optimization.

LS-DYNA user input

Figure 9: Deformed blank after springback simulation.

(3) ANSYS-LS-DYNA reads this text file, as well as the
geometry of the parts (created with any CAD pro-
gram) and the subroutine that includes the command
orders to execute the simulations.

(4) The value obtained for the dimension shown in
Figure 7 in each simulation is stored in a text file that
can be read by the MATLAB application in order to
do the optimization process.

7. Optimization Procedure

Once the simulation results are obtained they have to be com-
pared with experimental ones, obtained from the physical
pattern test.

This stage is also automated and only needs the user
intervention in order to set the tolerance limit.

The procedure is the following.

(1) Values obtained in the first four simulations are
compared with the experimental measure.

(2) If any of these comparisons fall inside tolerance
limits,material parameters used in that simulation are
considered valid.

(3) If no one of the simulation results is accurate enough,
a linear interpolation is performed to obtain new
material parameters that will be used in a new sim-
ulation.

(4) The procedure described in 1-2-3 is repeated until
one of the simulation results is accurate enough.
In each step, the new simulation result obtained is
added to the interpolation data, as well as thematerial
parameters used in that simulation. By doing so, in
each step the interpolation process is a little bit more
accurate than in previous steps, because it is built with
more information.

(5) Finally, the user gets the material parameters that
allow to obtain a simulation result that falls inside
tolerance limits. All the procedures that have been
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Table 2: Initial parameters for the kinematic/isotropic elastic plastic
model.

Density 7800 kg/m3

Young module 210000MPa
Poisson ratio 0.29

Table 3: Influence of 𝐶 and 𝑝 parameters.

Parameter 𝐶 (s−1) Parameter 𝑝 Depth (mm)
10 5 15.8407
40 5 15.8805
100 5 15.9192
40 3 15.8974
40 7 15.8325

Table 4: Influence of the Young module.

Young module (MPa) Depth (mm)
220 15.92
230 15.8982
237 15.8805
245 15.8383
250 15.8246

performed to obtain them have run hiddenly to the
user, as can be seen in Figure 10.

8. Materials Models Study

8.1. Kinematic/Isotropic Elastic Plastic Model. In this case,
basic parameters like density, Poisson ratio, and Young’s
module will remain constant, as long as they are not expected
to vary too much from one steel to another. They adopt the
following values (see Table 2).

So, the study is focused on the influence of those param-
eters that define the plastic and dynamic behavior of the
material.

8.1.1. Hardening Parameter 𝛽. This parameter has a major
influence in stamping processes with several steps, in which
the material plasticizes more than once. Since this is not the
case, it is expected that the influence of 𝛽 is minimal. In
spite of it, simulations have been carried out to validate this
supposition, with 𝛽 values of 0, 0.3 [27], and 1. As it was
expected, obtained results were identical.

In following simulations, 𝛽 = 0.3 is assumed.
Even in process with several stages, it can be also pointed

that, looking at (1), the hardening parameter has minor
influence if the tangent modulus is quite small relative to
the initial yield stress (this occurs when the material has low
strain hardening). This is the case of this example, so, even if
the blank plasticizes again, the influence of 𝛽 will not be very
important.

8.1.2. Strain Rate Parameters in the Cowper-Symonds Model
𝐶 and 𝑝. In this case, initial values have been selected

Table 5: Final parameters for the kinematic/isotropic elastic plastic
model.

Density 7800 kg/m3

Young module 210000MPa
Poisson ratio 0.29
Yield stress 237Mpa
Hardening parameter 𝛽 0.3
𝐶 (Cowper-Symonds parameter) 40 s−1

𝑝 (Cowper-Symonds parameter) 5

according to examples provided by LS-DYNA users guide
[28]. Starting with 𝑝 = 5 and 𝐶 = 40 s−1, different values
of 𝐶 and 𝑝 have been tested in order to study their influence
in final results. Table 3 collects these values and the obtained
depth.

According to these values, it can be concluded that
multiplying 𝐶 by 10, produces a variation of less than 0.5%
in the result. Analogous, multiplying 𝑝 by 2.33 produces a
variation of 0.4% in the result. Since variations in the final
depth are not very important, initial values of 𝑝 = 5 and
𝐶 = 40 s−1 have been kept.

8.1.3. Tangent Modulus. After several simulations with dif-
ferent values for the tangent modulus, it has been observed
that values over 25000MPa produce wrinkles in the blank. It
was also seen that values over 3000MPa produce stress values
that are over the material limits. Because of that, a tangent
modulus of 2000MPa has been adopted.

8.1.4. Yield Stress. Without a doubt, this is themost important
parameter in the characterization of this material model.
Table 4 shows the results obtained by simulating the process
with different values of the Young module.

As can be seen, not very large variations (about 13.6%)
produce significant differences in the final depth (about
0.6%). It can also be observed that for 𝜎0 = 237MPa the final
depth is 15.8805mm, very close to the depth obtained from
the real test (15.88mm).

Table 5 shows the combination of parameters that lean to
best results for this material model.

8.2. Strain RateDependent Isotropic PlasticityModel. Initially,
density, Youngmodule, and poisson ratio kept the values used
in the previousmaterial model (see Table 2). However, Young
module can be defined by a curve that represents it versus
the strain rate.This possibility has been also studied as shown
below.

8.2.1. Yield Stress. Yield stress has been defined by the load
curve shown in Figure 11, which relates yield stress to effective
strain rate.

Three load curves have been implemented: an original
one, obtained from the material by a real traction test, and
two modified curves (shown in broken line) used to analyze
the influence of this parameter. Results are shown in Table 6.
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Geometry of the dies of 
the pattern test

Windows environment

File with the 
parameters and 
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pattern test
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Material parameters 
adjustment
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simulation results

File with the 
experimental results
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limits

Adjusted material 
parameters

Yes No

Figure 10: Exposed procedure diagram.

Table 6: Influence of the yield stress in the strain rate dependent
model.

Multiplier factor Depth (mm)
0.8 15.7871
0.9 15.6797
1 15.7132

In this case, varying the yield stress about 25%, results
vary about 0.5%.

Table 7: Obtained depths for different multiplier factors applied to
𝑓
ℎ
(𝜀
𝑝

eff).

Multiplier factor Depth (mm)
0.9 15.9108
1 15.8888
1.1 15.8484

8.2.2. Tangent Modulus. As has been explained previously,
the use of the strain rate dependent isotropic plasticity model
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Figure 11: Load curve for defining the initial yield stress versus
effective strain rate.

Table 8: Obtained depths for different multiplier factors applied to
the effective plastic strain.

Multiplier factor Depth (mm)
0.95 15.9088
1 15.8888
1.05 15.8653

allows to introduce the tangent modulus as function of the
strain rate. By defining this load curve, a final depth of
15.8474mm has been obtained. This represents a variation of
a 0.85% regarding the initial value of 15.7132mm.

8.2.3. Young’s Module. Other possibility of this material
model is to introduce a load curve to define the Young’s
module as a function of the strain rate. There are references
[20] that have established that the variation is not very
important for strain rates higher than 2000 s−1. In this
case, a final depth of 15.7132mm has been obtained. This
result, as well as bibliographical fonts, concludes that Young’s
module can be considered as constant in this material model,
since results do not change significantly by considering its
dependency to strain rate.

8.3. Piecewise Linear Isotropic Plasticity Model. This material
model can be defined in three different ways. All of themhave
been analyzed, and for all of them initial values of density,
Youngmodule, and Poisson ratio are the same as those shown
in Table 2. Another needed value is the tangent modulus. A
value of 2000MPa has been used in order to keep the same
values used with other models.

8.3.1. Strain Rate Is Accounted for Using the Cowper-Symonds
Model. Cowper-Symonds parameters 𝐶 and 𝑝 have to be
introduced in order to use (6). Initial yield stress and tangent
modulus (or alternatively tabular form for 𝑓ℎ(𝜀

𝑝

eff)) are also
needed. In this case, 𝐶 and 𝑝 have the same values as in the
original model (𝐶 = 40 s−1 and 𝑝 = 5), and 𝑓ℎ(𝜀

𝑝

eff) has been
introduced as a curve shown in Figure 12, which corresponds
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Figure 12: Curve to introduce 𝑓
ℎ
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eff) in the piecewise linear
isotropic plasticity model.
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Figure 13: Curve to define the scale parameter 𝜆 versus strain rate.

to a constant tangent modulus of 2000MPa and a constant
initial yield stress of 237MPa.

This curve has beenmodified bymultiplier factors obtain-
ing other two curves also plotted in Figure 12. Table 7 shows
the results of the three simulations, which vary about 0.4% by
varying 𝑓ℎ(𝜀

𝑝

eff) about 22%. Multiplier factors have been also
applied to the effective plastic strain (for a given strain, the
stress is less than before, so the elastic recovering is smaller).
For this assumption, by varying 𝜀𝑝eff about 11%, results vary
about 0.27% (see Table 8).

8.3.2. Load Curve Which Defines 𝜆 versus Strain Rate
Is Directly Introduced. Instead of applying the Cowper-
Symonds model, parameter 𝜆 involved in (6) can be directly
introduced by a curve like the one shown in Figure 13. In this
case, a final depth of 15.9838mm has been obtained, which
represents a 0.6% difference with respect to the constant 𝜆
case.

8.3.3. Different Stress versus Strain Curves Is Provided for
Various Strain Rates. Ten different curves have been intro-
duced in order to define the stress-strain relation. Strain rates
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Table 9: Employed parameters.

Parameter Number of simulation
1st 2nd 3th 4th Last

Density (Kg/m3) 7800 7800 7800 7800 7800
Young’s module (MPa) 210000 210000 210000 210000 210000
Poisson ratio 0.3 0.3 0.3 0.3 0.3
Yield stress (MPa) 354 425 612 723 664
Tangent modulus (MPa) 763 763 763 763 763
𝛽 1 1 1 1 1
𝐶 (s−1) 40 100 10 5 10.99
𝑝 5 5 3 2 2.5
Obtained depth (mm) 16.14 16.14 15.98 15.83 15.96
Relative error 1.5% 1.5% 0.51% 0.44% 0.38%

Table 10: Comparison between experimental and simulation results
for the second simulation.

Experimental result (mm) Simulation result (mm) Relative error
14.8 14.68 0.81%

have been selected according to the real ones, and they vary
from 0.0004 s−1 to 8 s−1. Obtained depth is 15.8791mm, just a
0.005% away from the real measured depth.

9. Obtained Results

Pattern test exposed previously has been examined as an
example of the proposed optimization process.

Firstly, a deep analysis has been done to adjust all the
parameters that can influence the simulation result and
that do not depend on the material, that is, mesh size and
boundary conditions. These parameters have been adjusted
taken into account previous knowledge and real results
obtained over well-known materials.

Once that the model is accurate enough for these known
situations it is time for adjusting the parameters of a high-
strength steel.

In the experimental test, the displacement of the punch is
16.5mm. For this value, the final depth of the manufactured
part, measured by the MMCmachine, is 15.9mm.

Initial values for the material parameters and the depths
obtained for each combination can be seen in Table 9.
The last column shows the parameters values obtained after
optimization, considering a tolerance limit for the relative
error of 0.5%.

To validate these results, obtained parameters have been
used in a new deep stamping process. Dies employed in it
are shown in Figure 14 and deformed blank can be seen in
Figure 15.

In this case, the dimension used to validate the model is
the one shown in Figure 16. A comparison between results
obtained through simulation and by means of the real test is
shown in Table 10.

Punch

LS-DYNA user input

Figure 14: Second simulation dies.
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Figure 15: Second simulation deformed blank.

10. Conclusions

According to previous expositions and results, the following
can be concluded.

(i) A procedure to simulate real sheet metal forming
processes by means of finite elements has been estab-
lished.

(ii) Such a procedure has been automated and allows
performing simulations with no user intervention,
avoiding the difficulty of using a high-level program
as LS-DYNA.

(iii) By using this automated procedure, a methodology to
adjust material parameters has been developed.

(iv) Experimental tests used to validate simulation results
are real applications of the industry instead of bench-
mark theoretical tests. This allows using previous
knowledge of the designer to particularize material
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Δ
z

Figure 16: Dimension used to compared experimental and simula-
tion results in the second simulation.

characterization for each kind of process and avoids
building specific tooling.

(v) Parameters involved in each material model have
been identified and their influence in final results has
been quantified. This is very useful to fit material
properties in other simulations.

(vi) In the characterization of the three tested models, the
most important parameter is the yield stress.

(vii) In the strain rate dependent isotropic plasticity model
and in the piecewise linear isotropic plasticity model,
considering the variation of the Young’s module with
the strain rate does not modify results significantly,
so quite accurate results can be obtained by using a
constant value.This option requires less knowledge of
the material.

(viii) The kinematic/isotropic elastic plastic model is the
simplest one and the more appropriate when the
material behavior is not well known.

(ix) The piecewise linear isotropic plasticity model can
be the more accurate, but many material parameters
have to be obtained by experimental tests on real
specimens.

(x) Parameters obtained by thismethodology lead to very
accurate simulation results and can be used in other
simulations that involve the same kind of test and the
same material.
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