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Prediction of Blank Thickness Variation in a Deep Drawing Process
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Abstract

The finite element method has been widely applied in the sheet metal forming process. However, the finite element
method is computationally expensive and time consuming. In order to tackle this problem, surrogate modeling methods
have been proposed. An artificial neural network (ANN) is one such surrogate model and has been well studied over the
past decades. However, when it comes to ANN with two or more layers, so called deep neural networks (DNN), there is
distinct a lack of research. We chose to use DNNs our surrogate model to predict the behavior of sheet metal in the deep
drawing process. Thickness variation is selected as an output of the DNN in order to evaluate workpiece feasibility. Input
variables of the DNN are radius of die, die corner and blank holder force. Finite element analysis was conducted to obtain
data for surrogate model construction and testing. Sampling points were determined by full factorial, latin hyper cube and
monte carlo methods. We investigated the performance of the DNN according to its structure, number of nodes and number
of layers, then it was compared with a radial basis function surrogate model using various sampling methods and numbers.
The results show that our DNN could be used as an efficient surrogate model for the deep drawing process.
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Fig. 1 Geometry of deep drawing tools
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Table 1 Design space of variables

Variable Lower bound Upper bound
Blank holder force [kN] 3.0 15.0
Radius of die [mm] 3.0 6.5
Radius of die corner [mm] 8.0 135

I—’ X axis
Y

axis

Z axis
[l
Y axis
Fig. 2 Finite element 1/4 model of deep drawing tools

Table 2 Material properties of the blank[11]
Young’s modulus [GPa] 207

Poisson’s ratio 0.33

True stress-strain curve G = 565.32(0.007117+,)02589

0 179
Lankford -
- 45 151
Coefficient -
90 227
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Fig. 4 Final shape of blank of maximum and minimum thickness variation cases in full factorial 64 samples
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Table 3 RMSE performance of different structure
DNN models

Number of node at each layer
100 200 300 400
2 0.0875 0.0764 0.0768 0.0821
3 0.0811 0.0801 0.0788 0.0783
4 0.0842 0.0766 0.0826 0.0826

Number

of layer

Table 4 MAE Performance of different structure
DNN models
Number of node at each layer
100 200 300 400
2 0.0394 0.0315 0.0323 0.0356
3 0.0367 0.0341 0.0318 0.0322
4 0.0418 0.0306 0.0353 0.0353

Number

of layer

Table 5 R? Performance of different structure DNN
models

Number of node at each layer

100 200 300 400

2 0.9286 | 0.9457 | 0.9450 | 0.9430
3 0.9387 | 0.9403 | 0.9421 | 0.9429
4 0.9340 | 0.9454 | 0.9372 | 0.9365

Number

of layer
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Table 6 Performance of surrogate models 27 samples

LHS FF
Model DNN RBF DNN RBF
RMSE 0.1223 0.1219 0.1477 0.1465
MAE 0.0659 0.0577 0.0957 0.0929
R? 0.9012 0.9020 0.9356 0.9366

Table 7 Performance of surrogate models 64 samples

LHS FF

Model DNN RBF DNN RBF

RMSE 00764 | 00815 | 0.1118 | 0.0998

MAE 00315 | 0.0340 | 0.0569 | 0.0522

R? 09457 | 09381 | 0.9376 | 0.9502
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