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High-quality steel is one of the most important enals in industrial production today. In
particular in car manufacturing modern steel graplesvide the engineers a wide scope of
simulation based optimization for car body struesurDue to the stringent requirements with
respect to feasibility, stability and crash perfarmoe, exact CAE methods and models for the
useful estimation of the specific material behaviate required. One missing component in
the validation process is a robust method whichblesathe comparison of different
simulation results or experiments with each otlespecially when trying to interpret larger
areas of the geometry of a part. The process bexemen more difficult when using different
FEM programs or strain analysis methods. This iteas the topic of the co-operation
between Fraunhofer SCAI and TK-SE AG. The resuthes newly developed SCAIMapper
with its new features for forming technology postqessing. As a result a direct comparison
of two or more tests from practise or simulatios bacome possible. The primary benefit of
using SCAIMapper is that the user can obtain infdiaom about the deviation of results either
in a section or over the whole geometry of a pditie converted extensions of the
SCAIMapper enable the press worker, the vehicle enaderial developer to display the
effects of methodical adjustments in the shorigst.t

1. Introduction

In automobile manufacturing a large number of cadybparts made of steel are simulated
before serial production starts. This means thaictdr developers must invest a great amount
of time in the simulation routines to obtain sadeltgeometry for a later serial process. For
this application the engineers require exact matenodels with an optimized description of
the forming behaviour for the simulation progranplegd. The calibration of the material
model consumes a larger amount of time and moriehel chosen material model differs
from the real material behaviour, expensive costswee for there working of critical areas of
the stamping tool. Therefore TK-SE AG validates &tslits material cards, which contain
the extrapolated flow curve, the fitting of the lgidocus and the failure criteria Forming
Limit Curve (FLC) under the utilisation of laboragostamping tests. Thus the influence of
various simulation and material parameters can isplayed. If any deviations in the
comparison of sheet thickness or strain distributi@come apparent, an adjustment of the
material model can be made.

Also interesting is the comparison of practicalngteng results in the press shop. To gain
information about the influence of deviating praces material parameters, the execution of
a Forming Analysis (FA) is necessary. Thereforeoa-deformed blank must be marked on
the outer surface with a point, quad or circle gfile deformed grid would be detected and
visualized by an optical measuring system. In FAgpams similar post processing
applications such as in the simulation inter faees available. A direct comparison of
different test runs for strain distributions is patssible when the project with SCAI has been
initialized. Furthermore in the past, the combimatof different results in one program in
order to gain information on the deviation of omedfic result was not possible. Due to
missing interaction as well as the time consuming partially inconsistent approach of data
unification, the SCAIMapper of the Fraunhofer Ihge SCAI was extended to this end. From
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now on it is possible to compare and to illustrdte results of different FEM programs
(AUTOFORM, LS-DYNA and PASTAMP) as well as FA pragns (AUTOGRID and
ARGUS) for all kind of applications inside the Raseh and Development Department of
ThyssenKrupp Steel Europe using one program.

2. Need to simplify the validation process

In order to be able to compare two different forgnresults, picture and cut comparisons are
usually accomplished (Fig. 1). For this purpose s@areenshots of the analyzed post results
such as sheet thickness or plastic strain are s@gesCut data, which is taken from different
local areas of a part, could be exported for furfitecessing in Microsoft EXCEL in the form
of ASCII data. The problem of the comparison betwsenulated and experimental results is
that the user can not receive the right positiothefcut coordinates in two different programs.
This is due to the different coordinate systemBSEM and FA world. Another issue is that the
cut data displays only limited results and ignanegghbouring part areas. If using only one
cut there is no information as to how the measwaddes change in the surroundings. This
can only be analysed by multi cut options or usingomparison on the part structure. The
risk of failure with this method is relatively higis the position of the cut has to be exactly
defined in simulation and experiment. Furthermte ¢reation of the whole validation data
such as cuts and pictures can, depending on tle¢ d¢é\the information required, lead to a
great amount of work. In particular for the devetmmt of new materials, a quick illustration
of the correct material behaviour is important.
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Fig. 1: Validation of material behaviour by meaf€wat and picture data

A step towards shorter and more consistent adjugsnean be reached with the newly
developed SCAIMapper. In a co-operation betweenSEKAG and Fraunhofer SCAI new
applications based on forming theory were implemeérdver a two year period. Now it is
possible to directly adjust two different result6 ane part using one program - the
SCAIMapper. In this case only two export files fraime simulation and/or measuring
program used are necessary. In these files thee?nformation with the appropriate node
referred post result is stored. With mesh aligntted single part net and the following
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difference calculation of the post results a fast guantitative statement about the analysed
deviations in the results is possible.

3. Enhancements to the SCAIMapper applicationdanfng purposes

The SCAIMapper user interface (Fig. 2) is dedicatedits major task of mapping and
comparing meshes from different programs. It pesrthie transfer of data between models
with a different number of shell layers. Furthermar has accurate methods of calculating
value distributions over thickness between modeth different numbers of ‘out-of-plane’
integration points. Overall the SCAIMapper offertof functions for effective application
in daily practise for mesh alignment and othergool

For the application of forming some additional ftiogs are needed. An important point is the
ability to represent all necessary forming spegifist values such as major and minor strain
as well as thickness. A key point is the correttudation of local differences for the selected
values. Here an interpretation of non-existing au@aostly in real forming analysis data) has
to be eliminated. To win an impression of the getoyneorrelations of FEM and experiment
results an interpretation of the geometric deviailows fast checking for similar conditions
in both worlds. Thus it is possible to check thewdation result with the whole part net
against a little patch from the forming analysfghere are any deviations in the geometry of
the part, for example different drawing depth, ithentification is very easy. Therefore the
SCAIMapper is a useful tool to close metal manufast chains./1/

Fig. 2: SCAIMapper user interface with long memfsem TK AG INCAR project /2/

ThyssenKrupp Steel Europe uses a large number M piograms and forming analysis
systems in order to support customers in engingadsks and press shop operations. Based
on this structure the interface of the SCAIMappaswdjusted to our specific needs. With the
newly implemented features for the comparison adeshmetal forming applications, the
mapping tool can import scalar as well as tenseetdanformation of fully integrated triangle
and/or square elements. In order to make this lples&r all programs, an exact approach has
to be considered with the production of the exfitas. In the following table 1 the supported
FEM and FA codes are listed with the appropriatgoexformats./3/

program version export format
AutoForm 43R1 * af
FEM  pamStamp 2008 *MO1
LS-Dyna 9.7.1 * key *.dyn *.k
FA AutoGrid 4.1 *.dat
Argus V6.1.1-4 * txt

Tab.1: Currently supported software products fofiaen analysis with SCAIMapper
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The validation process in the SCAIMapper is based source and target mapping theory.
For a comparison between simulation and practicedifferent files from FEM and FA were
imported by using the source and target functidre llowing mesh align puts the imported
part geometries together with the best fit methearthermore it can be accomplished via
iterative different fine increments. With the nawplementation of align close mesh function,
it is possible to achieve finer adjustments foit gagometries with half or quad symmetries e.g
a round deep drawing cup. This is of special irgiefiehalf or quad geometries were used in
simulation to reduce the time of computing.

The interface of the SCAIMapper has two new regsstéth validation and analysis functions.
In the field of the validation, the difference aabtion of geometrical distances, sheet
thickness, strains and stresses can be made. Tigsianregister also allows the user to
display the imported post results. Thus it becossess/ to check the validity of the difference
calculation in one program.

The exact determination of the node differenceatescribed in figure 3. In order to be able to
identify the deviation of a result between two eliéfintly produced part structures, a difference
computation after mesh align is required. The spoading pairs of nodes of the opposite
nets, depending upon selected quantity, can be a&@mdpwith each other. For the
determination of the differences the grid pointsrirnet A ax (x) as well as the grid points
of net B asy (y;) were included into the computation. Based on timgation for each grid
point x of net A, a function value from allocatiof is used. A similar approach is valid for
net B.

In the broader process of the difference calcuftii@ functionf, is primarily illustrated by a
mapping process on the grid points of net B, caffed Corresponding to this procedure the
function /g on the nodes is illustrated by net A, which is edmig. The computation of
and 7' takes place in the points from net B and/or neti# a suitable weighting of the
function values of the points from net A and/or BetBased on the function& and 7' g on
net A and/orfg and7’ 5 on net B the concrete difference computation tgkase./4/
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Fig. 3: Calculation of node differences

4. Different application types for the SCAIMapper

4.1 Calibrating simulation based material desasiptivith experimental results

In the context of material development it is partaely important for the TK-SE AG as a steel
manufacturer to have the ability to ensure theembrvirtual application of its own material
grades for the customer. Due to an increasing ehoicpossible material models for a
material grade, the validation of simulation resutt the real material behaviour moving into
the foreground. With the new program features ipassible to show which effect the e.g.
adjustment of the yield locus description on theriog simulation result has in comparison
to real practice.
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To introduce different flow conditions into the raaal special laboratory stamping tools with
different punch and die geometries were used aSEKAG. This allows the identification of
the best yield locus model for the given materialdg. When concentrating on one part, the
first calculation is usually done with the standandterial law known as Hill"48./5/ This
material description is relatively easy to defimed egives good conformity with most of
standard steel grades. The simulation result ispeoed to an experimentally drawn part
which, in turn, is measured with a forming analysystem. The specific export files from
both can be imported in the SCAIMapper user intafaAfter the mesh align and the
difference calculation the result of the deviatimtween simulation and practice can easily be
displayed. If the deviation of major and minor streeaches a percentile limit, the material
model is not accurate enough for this model pdrthé overall deviation for all parts
investigated is not sufficient, changes to the mtenodel can be made. This can be the
hardening or the yield locus. With the newly seddctaterial model the process is restarted.
Pursuant to this, the yield locus description canadjusted via different parameters like
Hill90 with various biaxial factors until the detiens in SCAIMapper reach a minimum
(Fig. 4) /6.

Special material description
for each material grade

|

First simulation with
standard yield locus
description Hill48

Optimized result with
minimized deviations
(Hill90, Biax=0.95)

nnnnnnnnnnnnnnnn

Deviation analysis
with SCAIMapper

\/ ~ ___ Fitting of yield locus
’ /z*/q%* aaaaaaa description and/or flow
li i wescUrve extrapolation

Fig. 4: Chain of material description optimizatiih

It is also possible to validate more simulatiorutesswith one experimental result at one time
(Fig. 5). The following example from the Marciniakip shows the possibilities. In this case
some simulation results with different flow curvetrapolation types would be compared to
one experimentally drawn cup. The result of thialgsis is that the best fit to practice can be
reached with extrapolation type A. Thus with theAB@apper applications the user can

display the deviations of his FEM model in shortese.
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different flow curve extrapolations

ABSOLUTE_STRAIN_DIFF_UPPER_MAJOR
00175 0. 0.0525
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Fig. 5: Different simulation results mapped on emperimental result

4.2 Validation of car body structures

The validation of laboratory parts can offer a gomeerview of the material behaviour
dependent on the specific load case. To checkithalaion quality in combination with
more complex geometries, real part structures eacompared with the simulation results to
obtain information about the common validity of gpecific material description.

In line with the INCAR project of the ThyssenKrupys, different part geometries were
checked with the SCAIMapper routines in order tweree quality information with respect to
the selected material descriptions./2/ Therefoeesimulation results were compared with the
measured patches from the forming analysis. A goainple for the additional information
compared to a cut-analysis is given by the fronli wart (Fig. 6). Here the area with the
complex radii structure was very interesting foe tomparison. First the mesh align of the
part geometries displays definite deviations in phacess conditions, as the blank boundary
of the stamped part is greater than the simulatesl (green net is bigger than red net).
Caution is required when comparing the data. Wetlsatein simulation the restraining force
might be lower than that in practice. These existieviations must not base themselves on
incorrect material description but need to be asedyexactly.

Attention should be paid to the program-specifipated data. For the comparison between
simulation and forming analysis of a stamped pa#, right spring back conditions must be
taken into account.

Fig 6: Mesh align front wall structure FEM net (yedth patch from forming analysis (green)

The calculation of the major strain differenceswssn these two results shows that local
higher deformations in the practical measuremerdt.eXhe outcome of this is the influence

Page 6



of the draw bead in the real stamping tool. In gm@ulation model, the draw bead is

implemented as a line model which holds the nodis & defined restraining force. The

elements transcending the draw bead line do not glmy high deformations, as there is no
geometrical forming. In practice the material goihgpugh the bead stretches out.

The comparison of the single major strain pictwwE&EM and FA are alone not enough to
display the deviations between these two results . Depending of the chosen scaling the
deviation could be very small. The difference chtian in SCAIMapper shows the areas
with the highest deviations between simulation @mnactice exactly. The user can obtain
information about his material characterisation ahd correct process and simulation
properties in the shortest time.

. *
.
“agunr?®

Fig.7: Difference and major strain for the frontlwa

4.3 Analysing simulation parameters

Depending on the forming simulation code used,u$er has numerous different parameters
which can be changed. This could be the time stag sontact properties, refinement level
and so on. In addition different forming conditidik® various blank holder forces or friction
conditions can be accrued. To analyse the impa¢hede various process parameters, the
deviation result can be displayed with the SCAIMapp

The cross die is a common tool geometry to cheelfltw behaviour of steel grades. Owing
to the complex radii structure, different load asike biaxial stretching, deep drawing and
the most critical plain strain exist. In the cagehe following results of H340LAD (micro
alloyed steel grade) the blank holder force iseased by about 100kN from run A to run B.
The calculation was done with the AUTOFORM soluarported in SCAIMapper, the mesh
align of these two results displays the influen€¢he increased blank holder forces on the
element size (Fig. 8). The higher blank holder éoproduces different values under the
automatically set refinement conditions. Within gberanges the results of the difference
computation should be controlled more exactly amesmodes of net A should have no
corresponding node in net B. In this case a nodeldhe searched for in a local scan radius
and should be interpolated from the boundary regjion
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Fig. 8: Mesh align of two different simulation rétsu

By increasing the blank holder force of 100kN fraom A to run B a maximum sheet
thickness difference of 0.05mm appears (Fig. 9).tl@nleft hand side the cut data shows a
more critical area at the die corner. The extrawated delta thickness curve shows the
deviation between these two runs. If the deforrmatba specific material is near the FLC,
only a few changes in the process conditions cad te material failure. As a result of the
very local information from the cut data, the useuld ignore high deviations in the close
proximity of the cut. Looking on the right hand sith figure 9, the power of the complete
analysis with the new functions becomes obvioud. dwdy does the to date investigated area
of the cut become more critical, but the positi@isthe punch corners also show more
thinning. Here the SCAIMapper offers clear advaesagt gives a good overview of the
deviations throughout the whole part geometry
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Fig. 9: Calculated differences for cross die wittfiedent blank holder forces

4.4 Comparison of stamped parts

In tryout applications or in serial production pesses the influence of varying material
properties or changes of process settings is @frast. If there are any problems with a
running process, the press worker usually chargesdttings of the stamping press until the
process is robust enough. For this applicationrmifty analysis could be done before and
after the changes. With the SCAIMapper differenakdations, the worker is able to see
directly the impact of the accomplished changesthWhe deviation analysis over the
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measured part geometry, the user can see exactlyhvappens in specific areas which were
not previously seen as critical.

In the tryout phase of a car body part differemebigrades can be tested for a later serial
application. Therefore the SCAIMapper can help iftecentiate between the tested grades.
With the difference results the engineers can doe¢m the benefit of one special grade for
the chosen process. In the following example of HHEAR long member two different
grades were tested (Fig. 10). The major strairedifice between the DP-K60/98 (dual phase
steel — cold rolled) and the CP-W800 (complex plssel — hot rolled) in the radius is nearly
0.07. The FLD (forming limit diagram) shows the linieg strains on the CP-W800 (red) part.
Depending on the level of the measured FLC (impbfELC in next SCAIMapper Version
available) and the planed field of application #rmgineer can make a decision as to which
material is more qualified for his forming process.

CP-W800

DP-K60/98

DP-K60/98 CP-W800

major strain

minor strain

Fig. 10: Comparison of two material grades in caenping tool (long member INCAR)

Another application can be the evaluation of pregedbustness influenced by material, press
conditions and process parameters. A practical gdari blank holder force and the areas
affected by this is a possible application of thevnfunctions. Also the change of tool
geometries and their impact on larger areas canb®iwspected more easily.

5. Conclusion

Up to now the accomplished adjustments betweenstmeilated and the experimentally
deformed part were very time intensive. In additioa cut based data usually gives only very
restricted information whereas the picture comparidelivers only qualitative data.
Furthermore the cut data arrangement is not vegyifgsant for parts with complex
geometries like car body stamping parts. Due tovtr®us coordinate systems in simulation
and practice, it could happen that some deformateaks near the cuts are ignored.

To check the material behaviour in the case of natdevelopment many different attempts
with various tool geometries have to be done to g#ormation about the flow behaviour of
a specific material under different forming conalits. All these experimental results have to
be validated by various simulations with differ&iM codes to create a valid material model.
Thus the amount of work is very high, but the inygnments of the SCAIMapper made in
cooperation with SCAI can help to reduce this wofkyssenKrupp Steel Europe AG
currently uses this software for the different aggilons discussed above.
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Further investigations will be the implementatioh tbe SCAIMapper routines in the
automatically optimisation of the yield locus deston by means of different experimental
results for typical steel grades. A connection wita VDI guide line 3418, which describes
the benchmark of forming simulations, is also imagie,
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