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ABSTRACT
Springback is a serious problem in manufacturing of sheet metal components. In order to reduce as
much as possible its baleful effects on the part accuracy and farther on the part assembly, it is
necessary to know how this phenomenon is influenced by the different variable of the forming process.
The purpose of the present work is to quantify the springback intensity in the case of drawn parts
made from different materials, in order to apply an optimization method that allow to compensate its
effects.
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1. INTRODUCTION
The forming of sheet metal into a desired and functional shape is a process which requires a detailed
prediction of springback in order to avoid the contingent assembly problems of the resulted parts.
Springback is reported in the literature to be influenced by different variable of the forming process
like process parameters, material properties, tools geometry. By controlling these factors, we will be
able to control the springback as well, in order to obtain the desired accuracy of the formed parts.
The increased use of the simulation techniques has created possibilities to optimize the parameters of
the forming process avoiding the expensive trial-error approach specific to the experimental tests.
This development, together with the increased speed in computer technology, has opened possibilities
for obtaining virtual parts within tight tolerances, in a shorter time. Another advantage of the sheetmetal-forming simulations is represented by the animated presentation of the results, witch allow to
follow the entire sheet metal forming process.
In this paper, the simulation of cylindrical deep-drawing process, in the case of two different
materials: FEPO 5MBH steel and SOLDUR steel respectively, is presented. After the springback
quantification, an optimization method base on the ANN models will be applied in order to find an
optimal relation between the amount of springback and the parameters of the deep-drawing process.
2. METHODOLOGY AND CONDITIONS OF SIMULATION
Determination by simulation of the springback intensity in the case of cylindrical deep-drawn parts
consisted in the following steps:
• first, the cylindrical cups were obtained by simulation of the deep drawing process into
ABAQUS/Explicit;
• second, the import the forming results into ABAQUS/Standard program was performed in order to
simulate the unloading phase (obtaining the parts’ springback);
• the parts profile was then determined on the base of displacements resulted after deep drawing and
springback;
• the above resulted profiles were measured with a CAD software and compared with the nominal
shape, in order to quantify the springback.
A three dimensional model was used for the simulations. Only a quart of the model was solved using
symmetry conditions (fig. 1). The blank was considered deformable with a planar shell base while the
tools were considered analytical rigid. Thus, numerical integration (Gaussian with 5 integration points
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through the thickness) was involved only for the work-piece material. The stress-strain curve of the
materials was implemented point by-point rather than using a curve fit equation. A slave-master
concept was used for the contact problem to impose penalty regularization.
The geometrical parameters of part profile whose variation was investigated in order to quantify the
amount of springback, and their nominal values are presented in figure 2.

Figure 1. The geometrical model

Figure 2. Geometrical parameters of part
and their nominal values

3. SIMULATION RESULTS
The simulation of deep-drawing process was performed based on a factorial plan of experiments. The
process parameters chosen to investigate their influence on the springback intensity were as follows:
blankholder force (F), punch-die clearance (j), punch stroke (s), punch radius (Rp) and die radius (Rd).
The results of simulations are presented in table 1 and table 2 respectively.
Table 1. The results of simulations for FEPO 5MBH steel
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Table 2. The results of simulations for SOLDUR steel

4. APPLICATION OF THE OPTIMIZATION PROCEDURE
In order to determine the optimum process parameters in a shortest time, an optimization method
based on the utilization of an artificial neural network model was implemented.
A two-layer neural network with a sigmoid activation function between the input and hidden layers
and a linear activation function between the hidden and the output layers was used. Within the input
layer, five neurons - respectively the five process parameters (Rp, Rd, F, j, s) were used; within the
output layer, five neurons - respectively the five analyzed geometric parameters of the part (rp, rd, α, β,
h) were also used. The number of the neurons (five) within the hidden layer was chosen so that the
mean square error to the end of the training process to be minimum.
The training process was based on the backpropagation algorithm and its correctness was monitored
by using a cross validation criterion (a data set of 15% from the total inputs of the network was used).
For the generalization phase of the network, a data set of 25% from the total inputs was given to it.
The outputs prescribed by the neural network were compared with the desired outputs (table 3 and
table 4, respectively).
Table 3. Comparative analysis of the results in the case of FEPO 5MBH steel
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Table 4 Comparative analysis of the results in the case of SOLDUR steel

By analyzing the obtained results, a good concordance between the desired outputs and those
prescribed by the ANN model could be observed and, accordingly, the chosen ANN model was
validated. This model was then tested for different combinations of process/tools parameters (without
have defined the target values of these inputs) in order to find the optimum ones which allow to obtain
an improved accuracy of part. Good results reported to the nominal geometry of the parts were
obtained for the following sets of tools/process parameters:
• in the case of FEPO 5MBH steel: Rp = 5.5 mm; Rd = 3.4 mm; F = 49 kN; j = 1 mm; s = 30.3 mm.
• in the case of SOLDUR steel: Rp = 5.2 mm; Rd = 3.6 mm; F = 42 kN; j = 1 mm; s = 27 mm
In order to validate the optimization procedure, two simulations have been performed using as input
data the above sets of parameters and the obtained results were compared with the nominal geometry
of part (table 5) .
Table 3 Comparative analysis of the results

6. CONCLUSIONS
Material springback generated deviations of geometrical parameters of the part from the theoretical
profile.
• An optimization procedure based on the neural network method coupled with the finite element
analysis was applied in order to find the best relation between the parameters of cylindrical deepdrawing process and the springback parameters.
• The optimization procedure conducted to a considerable increasing of the part accuracy, fact that is
encouraging in using further the artificial neural networks models to control the springback
phenomenon in the case of sheet-metal-forming processes.
•
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