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Abstract. In the recent years, springback calculation ttiedcompensation of the tool
shape has become standard practice. This allowseshgyototyping times and lowers
the risk for bad die design. However, in some césesesults from simulation have not
been as expected, leading to problems and delay® asason is not always clear.

Reasons for this might be found in the phenomeridouckling or twisting during
the springback. This mode(s) can have a signifiedfdéct on the total springback.
Therefore an additional buckling analysis duringirggback can help to improve the
overall result of the springback simulation.

Another possible reason for deviations between lsitimn and reality might be the
bottoming effect. At the very end of the procesg amount of press force applied to
the blank can have a very big influence on the arhotispringback.

This paper looks into the problem of instabilityrihg the springback and the
bottoming effect. The aim is to improve the ovelality of the die compensation.
Also in this paper we look into how to improve tharface quality of successful die
compensation by introducing “shape control” — allogvthe management of shape
control during compensation, particularly importdat external panels with design
constraints
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1. INTRODUCTION

As shown in [Linget al, 2007], Forming simulation technologies continteslevelop
at a rapid pace, to address formability, toleranostrol, and product performance
issues in an increasing range of processes, amyan more detail. Whilst forming
simulation in the beginning was only focused omfability, it has moved, and is now
focused around more advanced areas, such as sprkhghd die compensation, surface
quality and robustness.

This shift in focus has also meant new challengestds the simulation systems.
For the formability, strain based formability pretitbns have delivered good results in



most cases. Springback being an essentially dii@ssd phenomena however required
for more advanced modelling techniques. The priedliaif accurate stresses is far more
sensitive than the prediction of accurate strainhistV strain based formability
assessments have been at an acceptable industadl this has not always been the
case for springback predictions.

[Ling et al., 2007] suggest that there are a nunabatifferent parameters, some
physical, and some purely numerical that are resptenfor the sensitivity to the stress
prediction. Parameters such as for numerical imgmeants using enhanced contact
algorithms to ensure accurate respect of the digetk geometry, enhanced finite
elements to simulate bending in a very accurate rabdst way and sophisticated
material models with elasto-plastic springback waiszussed. Especially a lot of new
materials introduces (Dual phase, TRIP, TWIP etedenthe need for more accurate
material models obvious. Parameters for the prosesis as incorporation of geometric
drawbeads as opposed to the more common equivditantbead models and closer
integration between simulation and geometry weossh

By improving a number of these parameters, theydcskiow that the accuracy of
springback calculation and compensation could bprared significantly. But still,
there remained some cases, where the simulatiaftgesould not be improved. Of
course there might still be a number of reasonghisr In this paper we will look into 3
different methodologies proposed to further imprdtie quality of the springback
calculation and the compensation thereof.

2. BUCKLING

Even though springback calculation has become campraxtice, in some cases it has
failed, sed~igure 1 In this case, the solver diverges and still @dound a solution
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Figure 1: Sample where the traditional springbaekcalation fails.



The reason for the failure in this case is buckliug Eigen value analysigigure 2 of
the part shows that the part buckles just after¢lease from the tools, and solver does
not manage to find a stable final position. Oneoador the divergence is the fact that
numerically, the whole part is released in onelsimgoment. This so called brutal
unloading leads to numerical instability.

Figure 2: Eigenvalue analysis of the part

Looking into what happens in the solver, when ther@enon-linear response, once we
reach the limit point, the Standard Newton-Raphsethod reaches its limits, see
Figure 3 This can lead to divergence of iterative methmasticity, contact, etc.
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Figure 3: Post collapse analysis after limit point.
One possible improvement is to use the Arc-lengtthd instead of the Newton-
Raphson method in cases where these instabilities oHere the load increment
becomes a variable, sEgure 4




Try to find solution into cylinder :
AR + Ad? = L2

With 2 variables: AR logd increment, Ad normalized
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Figure 4: Comparison of the Nevvton-Rapﬁédﬁ_metHﬂdﬂve Arc-length method.

The Arc-length method is efficient when instabilifects global load-displacement
response. If instability is localized and has npat onto global response, Arc-length
is not efficient. In these cases, we have introdwadso a stabilizer by artificial
volumetric damping, where a viscous Force is addelde Resdiu;

Residu = By — Fnt - Risc

A combination of the use of the Arc-length methad atabilizer will then depending
on the instability found lead to a convergence afolund solution for the solver.

Figure 5: Using the new implemented methods fokliug analysis can in certain
cases have a significant effect on the springback.



3. BOTTOMING

If the stamping process is followed by a bottomefigct, the high normal contact
pressure which results from this, can have a (Bagmit) influence on the springback.

Not in all cases this will have an effect, but ame cases where the punch movement is
past leaving the final gap equal to the blank théeds, where intendidly the punch force
is high, combined with big flat areas, the influeriom the normal stress will be
noticable, se&igure 6
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Figure 6: If the stamping process is followed Qyoitoming effect, this can have a
(significant) influence on the springback

A new “normal stress” shell, called Q5 for Quadidasgand T4 for triangles, has been
introduced for better understanding and capturintpie phenomena. This shell element
enables the calculation of the normal stress byngdohe new virtual node at the centre
of the shell with the needed degrees of freedonsjrtaulate the element compression,
seeFigure 7.
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Figure 7: New normal stress shell element with adeitional virtual node.

The upper and lower contact forces are transmitidde shell virtual node. The virtual
node degrees of freedoms dynamic equilibrium ivesblby the calculation of the
corresponding normal accelerations, velocities digphlacements. Then the full 3D
plasticity equations are solved, giving us the 3nmal stresses. A simple test shows
already the changed behaviour and amount of thegijaick, se&igure 8
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Figure 8: Test of the new normal stress shell etdr(left) compared to the normal
shell element (right) — amount of springback

Then a test was done with a box case, where digestamping the punch pressure was
increased until a 10-20% thickness reduction inbibttom was achieved, sEeure 9
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Figure 9: sample case for calculation of the bomgreffect on the springback.

The results from this test are shown in FigureA9it can be seen from these images,
the amount and direction of the springback chacgewpletely.
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Figure 10: result of the calculation of the testealeft side, the traditional shell
element, right side the new normals stress shell.

4. SURFACE QUALITY AFTER DIE COMPENSATION

Even if the springback calculation and the follogvotie compensation has been
successful — within given tolerances in distandeveen part after springback and
objective, it's not sure the final result of thenqeensated geometry satisfies the
requirements towards surface quality. Small walkasbs or hollows might be the
result. This might occur even if different smoothaigorithms are applied during the
CAD reconstruction phase — see sampldsgare 11 This means that already during
the springback & compensation stage, the surfaabtginas to be controlled.
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Figure 11: Séimples of reconstructed surfaces whenees or bumps disturb the surface
quality.



Several functionalities enable to control the shdyreng die compensation and thus the
final quality of the surface:
» Part of the die can be locked so that the compemsdbes not modify it. This
could be very important for some design shapeybe §ihes.
» Other area of the tools can be managed by samgieitpies that control the
imposed displacement field during the compensatimmhprevent the “waves”
effect

Swich on is best to use depends on the part, gepretet But using these options, can
significantly reduce the bumbs and waves, and immally better than the reference
used here — the smoothing functions from CAD systesae improved samples in
Figure 12

Figure 12: Significantly improved surface qualitfgeat introduction of shape control
during the springback compensation.

5. CONCLUSION AND OUTLOOK

In the past, sheet metal forming simulation has edo¥rom being simple
formability assessment tools, to become more adddtawols for virtual manufacturing.
Calculating springback accurate and compensatepait of the virtual manufacturing
chain. Springback however is a complex phenomehah gometimes requires more
attention than the forming process itself. In tlstpdifferent measurements have been
performed to increase the accuracy — such as imegr@ontact algorithms, material
models etc. In this paper, 3 more ways to imprdwee gpringback quality have been
presented, taking into account the bucking andhbibggoming effects and the shape
control. For certain cases, one or more of theshads will allow the user to improve
his results for the springback and compensation.prévious and now added
methodologies are enough to solve all the diffefgmnomena that can occur is not
sure. More testing is needed to find that out.



But the demands on the industry to move toward$ éund to end virtual
prototyping means that the virtual manufacturing pas to work streamlined. For the
sheet metal forming process this means that athgteg, flanging and hemming
operations have to be calculated accurate enoughow decisions to be made based
on these results. This also includes springbackdesdompensation.
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