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The formation of a hat-profile is significantly influenced by springback and the final cross-sectional geometry, both of
which are sensitive to die profile design. This study introduces a scalar-based artificial neural network (ANN)
surrogate model combined with genetic-algorithm (GA) optimization to enhance die and process design efficiency. An
automated ABAQUS finite-element workflow was established to generate 900 design cases. For each case, seven
scalar geometric and angle responses characterizing the post-forming cross section were extracted and used to train
a multilayer perceptron. This network maps four die design variables to the final geometry. The surrogate model
demonstrated high predictive accuracy, with geometric and angular errors remaining small and coefficients of
determination (R?) nearing 1.0. This enabled quick evaluation of new designs without the need for additional finite-
element analyses. By integrating the ANN surrogate within a GA, optimal die geometries were identified that reduce
springback while meeting target dimensions, showcasing the proposed framework as an effective Al-driven design tool
for sheet-metal forming.
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Fig. 1 Target geometry : (a) Picture of the hat-shaped product (b)
springback occurrence after the forming process
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Fig. 2 (a) Finite element model of the hat-forming process and (b)
Effective plastic strain distribution after forming
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Fig. 3 Stress-strain relationship of A15052
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Fig. 4 Flow chart of the proposed prediction model
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Fig. 6 Characteristic points for the die geometry

Table 1 Parameters for X,, X3, Y3 and Y,

Variables Minimum [mm]
X, 12, 14, 16, 20, 22
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Table 2 Parameters of the die geometry

Model L, L, 0 Ospb R; R, H
1 12 25 375 135 5 6 10
303 14 19 395 3 5 6 14
600 20 23 664 146 5 6 22
900 22 17 612 194 5 6 26

0 10 20 30 40 50 0 10 20 30 40 50

X X
(a) Model 1 (b) Model 303

20}
-30

-40 ¢ L . H N N N N
0 10 20 30 40 50 0 10 20 30 40 50
X X

(c) Model 600 (d) Model 900

Fig. 7 Examples of the die geometry
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Table 3 Performance evaluation of the scalar surrogate model

Variables MAE RMSE
L; 0.0820 0.1266
L, 0.0938 0.1374
0 0.0412 0.0536
Ospb 0.0253 0.0325
R, 0.2800 0.4640
R, 0.3370 0.6395
H 0.0360 0.0469
R,=0.9834 R,=0.9838 R,=0.9972
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Fig. 10 Optimization results

Table 4 Comparison between FEA and Optimized result (Optimize/
FEA, excluding 0)

L, L, Oapp R R, H
1 20.27/19.88 14.26/14.00 0.7/1.14 5.81/5.71 5.68/5.6210.19/10.09
2 20.12/19.86 14.38/14.000.75/1.06 5.81/6.09 5.68/5.86 10.20/10.16
3 20.47/19.90 14.17/14.00 0.66/1.16 5.79/5.54 5.65/5.40 10.20/10.10
4 20.27/19.88 14.26/14.00 0.7/1.14 5.81/5.71 5.68/5.6210.19/10.09
5 20.27/19.88 14.26/14.00 0.7/1.14 5.81/5.71 5.68/5.62 10.20/10.09

(@ Optimized die profile (Rank 1) (b)

Effective
plastic strain

Fig. 11 Result of the optimization; (a) Optimized die profile, (b)
Forming result of the optimized die, and (c) Deformed
cross-section of optimized product
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Fig. 12 (a) Drawing of the optimized die geometry, (b) Photograph
of the fabricated die of the fabricated die
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Fig. 13 Experimental cross-section of the formed hat-profile
specimen with measured springback angle

Table 5 Quantitative comparison of Target, FE results, and
Experimental results

Variable Target FE results Exprzrsi::lltz ntal Error
L, [mm] 20.27 19.88 18.55 1.33
L, [mm] 14.26 14 13.56 0.44
H [mm] 10.19 10.09 9.6 0.49

0[°] 0.7 1.14 0.5 0.64
R; [mm] 5.81 5.71 6.15 -0.44
R, [mm] 5.68 5.62 5.68 -0.06
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