
1 INTRODUCTION 

Springback is the elastically-driven, but not purely 
elastic, change of shape of a sheet metal part upon 
unloading after forming [1]. Mostly these shape 
distortions are not accounted for beforehand at the 
stage of tooling design. Therefore an extensive 
experimental trial and error process has to be 
performed to determine the tool design that will 
actually lead to the dimensionally accurate product. 
In addition the amount of springback can be reduced 
by means of different control techniques, such as, 
maintaining strong tensile forces in the deformed 
material, multi-step process, variation of the binder 
(blank holder) force during the forming process etc 
[2]. Nowadays, with the wider use of high strength 
steels and various aluminum alloys in the 
automotive industry the springback problem became 
one of the greatest obstacles on the way of forming a 
product that is in agreement with predefined 
tolerances since the old guidelines are not applicable 
anymore. This engenders a large reject of formed 

parts that are considered inadequate at the 
assembling stage [1].  
Generally, sheet metal parts are created by a 
sequence of manufacturing processes. To avoid the 
time consuming and expensive experimental tool 
alteration, the amount of springback after each 
forming operation must be predicted as accurate as 
possible and accounted for at the tool design stage, 
by means of springback compensation method (see 
e.g. [3,4]).  
The industrial manufacturing technology of most 
sheet metal parts comprises deep drawing and 
successive trimming operations. Most researches in 
this field are concentrating on the cutting process 
itself rather then on the shape aberration of the 
product after it. The difficulty in simulating the 
springback and trimming operations was considered 
by Kawka [5] and Moesdijk [6]. This article 
discusses a technique that focuses on the 
improvement of the predictability of the springback 
of the product after trimming. The calculations 
described in this paper are performed with the Finite 
Element program DiekA.   
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2 METHODOLOGY 

The redistribution of internal stresses after the 
unloading of the part is the cause of the springback 
phenomenon at the forming stage, such as deep 
drawing. In its turn the trimming operation induces 
additional stress state change on the sheet metal. The 
force unbalance provoked by cutting off a part of a 
product only aggravates the situation. 
Springback simulation by the finite element method 
(FEM) has been attempted by various types of 
codes. However, the accuracy of the springback 
simulation does not yet meet the industrial 
requirements. The main cause is the inaccurate 
computation of the stress state, just before 
springback. One of the reasons for the inaccuracy in 
stress state is an inaccurate trimming simulation. 
The present paper discusses a technique of taking 
into the account the stress state change due to the 
element mesh cutting to improve the accuracy of the 
trimming simulation. This technique involves an 
accurate in-plane mapping of the state variables 
preceded by a mesh adaptivity procedure that 
confirms the trimline. 

2.1 Trimming 

The problem of the numerical trimming operation is 
already studied in general details [4, 6]. It is 
analyzed as follows. In order to obtain the residual 
stresses in the product at the end of the process 
before springback the part that is cut off must be 
removed from the mesh, after which the equilibrium 
is no longer satisfied. Usually this is done by means 
of removing complete elements. The unequilibrated 
forces can cause numerical problems at the next 
stage of the simulation and therefore have to be 
balanced. The unbalance of the internal and external 
forces is cancelled by means of stepwise reduction. 

2.2 Mesh disturbance and adaptivity 

Now the process of numerical trimming is looked at 
more profound. The issue of FE mesh disturbance 
(cut through of the elements), often neglected in 
commercial FE packages, enhances the internal 
stress change along the trimline and might have 
significant influence on the accuracy of the 
simulated springback. This is not of major concern 
for cases when the mesh is sufficiently fine. But due 
to the fact that the computational time is an aspect 
that nowadays retains high priority, trimming of the 

coarse meshes has to be performed as accurate as 
possible. 
In order to handle the mesh disturbance with respect 
to geometry and stresses (see 2.4), a mesh adaptivity 
technique is introduced. This technique is illustrated 
in figure 1, where an arbitrary mesh is adapted to the 
arbitrarily defined trimline.  
 

 
Fig. 1. Mesh adaptivity 

After subjecting the mesh to the above-mentioned 
adaptation technique elements will be already 
confirming the trimline. 

2.3 Centering as an element improvement method 

Mesh manipulations, as described in the previous 
section, result in, to some extent, disturbed mesh. 
The degree of disturbance depends on the quality of 
the original mesh and, of course, on the shape of the 
trimline. In some cases such geometric defects can 
spoil the accuracy of the springback prediction. In 
order to improve the shape and size of the elements 
node redistribution known as centering algorithm [7] 
can be applied to the elements that were influenced 
by remeshing. The new coordinates of a node are 
calculated as the mean value of all coordinates of the 
neighboring nodes.  
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Fig. 2. Centering method 

 



2.4 Data remap  

At the stage when the mesh is adapted to the trimline 
and treated by the centering procedure the elements 
close to the trimmed edge are altered to such extent 
that new stress state for these elements has to be 
calculated. It must also be noted that due to node 
relocations the trimmed mesh will not be coplanar 
with the prior to trimming (old) mesh. The accuracy 
of the springback simulation then will depend on an 
accurate state variable data-remapping algorithm 
from the old to the new mesh. 
The general idea is to interpolate the data known in 
the integration points (IP) of the untrimmed mesh to 
the integration points of the new, adapted to the 
trimline mesh. First, new integration points have to 
be projected on the old mesh, as shown in figure 3. 
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Fig. 3. Correlation of the old and the new meshes  

Thereafter, the data for each new integration point is 
calculated from the stress field of the old element, in 
which the projection falls. The unbalance relaxation 
then is performed as mentioned in section 2.1. 
The influence of this technique of stress state 
updating after trimming on the amount of the 
numerical springback of the whole product is the 
major question to be answered in this article. 

3 NUMERICAL RESULTS 

To analyze the effect of the techniques discussed in 
the sections 2.2, 2.3 and 2.4 a quarter of a 
rectangular deep drawn cup is now simulated with a 
3D shell element model. The blank size (quarter) is 
310 mm*210 mm and the blank thickness is 0.7 mm.  
The element type used is DST3D (3D Discrete Shear 
Triangle) with three integration points in the plane 
and five integration points in the thickness direction. 
This element takes into account the membrane, the 
bending and the transverse shear stresses. Several 
simulations were performed, in which the mesh size 
was varied. The product is positioned in (x, y)-plane 
at z = 0. The punch stroke is -50 mm. In figure 4 two 

representative trimlines cutting off the flange are 
shown.  
 

 
 

Fig. 4. Quarter of the cup with trimlines 
The following figures illustrate the influence of the 
trimming algorithm, when the centering and 
remapping procedures are applied to the mesh in 
different combinations, on the amount of springback 
of this product. First, the product, simulated with the 
initial mesh with an average element length of 8 
mm, is trimmed along Trimline 1. The springback 
pattern of the flange (A-B-C) is plotted in figure 5, 
were legend combinations stand for: 

• noc_nor: no centring or remap was 
performed during trimming; 

• noc_r:  remap was performed without 
centering; 

• c_r: techniques were superimposed 
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Fig. 5. Deflection of the outer flange (A-B-C) 

The product after springback shows buckling pattern 
in the flange. High compressive stress state in some 
parts of the flange due to the chosen blank geometry 
causes the flange to buckle. The oscillatory pattern is 
similar for all plotted cases but quantitatively in the 
region 0-210 mm (or ‘A-B’) of the flange affected 
by trimming the superposition of centering and 
remap gives maxima of buckles in z-direction by 0.2 
mm lower than otherwise, which is about one third 
of the plate thickness. 
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Figure 6 presents the deflections of the product 
flange (A*-B*-C*) when the same mesh is trimmed 
off along Trimline 2, the piece-wise straight trimline 
approximating the corner. Similar buckling behavior 
can be observed also in this example, but now the 
fact that buckling problem has more than one 
solution finds its confirmation. This feature becomes 
visible when the superposition of both techniques is 
applied on this particular product and trimline 
geometry. The sprung back flange pattern in other 
two cases almost coincide, because for this geometry 
mesh stays rather regular after adaptation.  
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Fig. 6. Deflection of the outer flange (A*-B*-C*) 

Results shown in the next figure are obtained by 
simulating the product as demonstrated in figure 4 
but now the mesh is refined by a factor of two 
(average element length is 4 mm) and then trimmed 
along Trimline 2. The springback simulations after 
trimming converged only when a small amount of 
damping was applied (all previous simulations were 
performed without damping). 
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Fig. 7. Deflection of the flange (A*-B*-C*, finer mesh) 

If the buckling pattern is too severe, new equilibrium 

cannot be found without additional numerical 
control. As against the situation in figure 6, here all 
three plots show similar buckling pattern. It can be 
the result of using numerical damping and a finer 
mesh. Keeping in mind, that damping can rather 
significantly influence the accuracy of the 
simulation, in figure 7 one can observe 0.05 - 0.1 
mm (7-14% of the plate thickness) more flange 
deflection after trimming with superposition of both 
techniques than after trimming without centering 
and with- and without remap.  

4 CONCLUSIONS 

It can be concluded from the presented analysis that 
the influence of the centering and remapping tech-
niques on the numerical springback is noticeable. 
The amount of the springback and the pattern of the 
flange deflection depend also on the choice of the 
product mesh and the trimline geometry.  
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