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Abstract

Electrohydraulic forming (EHF) process is a high speed forming process that utilizes the electric energy discharge in
fluid-filled chamber to deform a sheet material. This process is completed in a very short time of less than 1ms. Therefore,
finite element analysis is essential to observe the deformation mechanism of the material in detail. In addition, to perform
the numerical simulation of EHF, the material properties obtained from the high-speed status, not quasi static conditions,
should be applied. In this study, to obtain the parameters in the constitutive equation of Al 6061-T6 at high strain rate
condition, a surrogate model using an artificial neural network (ANN) technique was employed. Using the results of the
numerical simulation with free-bulging die in LS-DYNA, the surrogate model was constructed by ANN technique. By
comparing the z-displacement with respect to the x-axis position in the experiment with the z-displacement in the ANN
model, the parameters for the smallest error are obtained. Finally, the acquired parameters were validated by comparing the
results of the finite element analysis, the ANN model and the experiment.
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Table 1 Numerical validation of the surrogate model
with training samples based on ANN

Training samples

Case R? RMSE MARR
1 9.9999x 107" | 1.3540%x10° | 3.4606x 10*
2 9.9999x 107 | 5.7596 % 10* | 5.0635x 107
3 9.9999x 107" | 1.1243%x10° | 1.3471x10*
4 9.9999x 107 | 2.3382x10° | 2.0797x 10™
5 9.9999x 107 | 6.9922x 10 | 1.1008x 10™
6 9.9999x 107 | 1.6556% 10 | 4.3106x 10™
7 9.9999x 107 | 1.7496x 10 | 4.1496x 10™
8 9.9999x 107 | 1.3914x10° | 6.0716x 10™
9 9.9999x 10 | 9.2085x 10 | 3.3763x 10™
10 | 9.9999%x 10" | 1.5931x10° | 1.5027 x 10™
11 | 9.9999% 107 | 1.7084%x10° | 2.1953x 10™
12 | 9.9999%x 107 | 2.0712x10° | 4.2918x 10™
13 | 9.9999x 10" | 1.6043x10° | 2.2650x 10™
14 | 9.9999%x 10" | 1.8370x10° | 2.1221x 10"
15 | 9.9999x 107 | 1.1766x 10° | 1.8662x 10™
16 | 9.9999x 10" | 1.4299x10° | 5.8771x10™
17 9.9999x 10 | 1.8611x10° | 3.6697x 10™
18 | 9.9999x 107 | 1.7134x10° | 1.6026 x 10™
19 | 9.9999x 107 | 1.4331x10° | 1.3236x10™
20 | 9.9999x 107! | 1.3191x10° | 5.0646x 10™

Table 2 Numerical validation of the surrogate model

with test samples based on ANN

Test samples

Case R? RMSE MARR
1 9.9827x 107 | 3.9977x 10" | 3.1410x 107
2 0.9979%x 107 | 1.4899x 107" | 2.8611x 107
3 9.9730x 107 | 5.2183x 10" | 3.8140x 10°
4 0.9794x 107 | 4.4362x 10" | 4.9774x10°
5 0.9870x 107 | 3.4128x 107" | 4.2309x 10
6 9.9557x 107 | 6.3280x 107" | 7.2790x 10
7 0.9783x 107 | 4.5736x 10" | 5.4148x10?
8 9.9155x 107 | 9.8690% 107 | 1.1707x 10*
9 9.9494x 107 | 7.6110x 10" | 7.8428x 107
10 | 9.9864x 10" | 3.8353x 107 | 3.2330% 10
11 | 9.9993x 10" | 7.7537x10% | 1.2564% 10
12 | 9.9978x 10" | 1.5480x 107 | 1.7959% 10
13 | 9.9574x 10" | 6.3406x 10*" | 8.8138x 10
14 | 9.9948x 10" | 2.2888x 107 | 1.8357x10°
15 | 9.9422x 10" | 7.1848x 107 | 7.8115x 10
16 | 9.9882x 10" | 3.4635x 107 | 3.2630% 10
17 9.9669x 10 | 6.1505% 107 | 5.1391x 10
18 | 9.9627x10" | 6.2701x 107 | 6.1974% 10
19 | 9.9987x10? | 1.1025x 107 | 8.7548x10°°
20 | 9.9658x 107 | 5.7375x 107 | 6.6024x 10
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