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Abstract

The objective of this study is to compensate the elastic recovery in the flexible forming process using the predictive
models. The target shape was limited to two-dimensional shape having only one curvature radius in the longitudinal-
direction. In order to predict the shape error the regression and neural network models were established based on the finite
element (FE) simulations. A series of simulations were conducted considering input variables such as the elastic pad
thickness, the thickness of plate, and the objective curvature radius. Then, at sampling points in the longitudinal-direction,
the shape errors between formed and objective shapes could be calculated from the FE simulations as an output variable.
These shape errors were expressed to a representative error value by the root mean square error (RMSE). To obtain the
correct objective shape the die shape was adjusted by the closed-loop using the neural network model since the neural
network model shows a higher capability of estimating the shape error than the regression model. Finally the experimental
result shows that the formed shape almost agreed with the objective shape.
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Fig. 1 Conceptual design of flexible forming process
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Fig. 2 Simulation model

Table 1 Material properties of ASTM A36

Yield
strength

Poisson’s
ratio

Tensile
strength

Young’s

Elongation
modulus g

200 [GPa] |400 [MPa] | 250 [MPa] | 20 [%] 0.26
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3.2 Neural Network 22
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Table 3 Results of multiple regression analysis

Entered Model -
Model . Coefficient
variable summary
Const. 6.080
1 X1 0.913
Xy -0.750
Const. 5.730
2 Xz 0.946 X1 -0.750
R? Xz 0.047
Const. 5.150
X1 -0.743
3 X3 0.967
X 0.049
X3 0.002
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Table 4 Used conditions in FE simulation

No. | T[mm] | tfmm] | R[mm] €s R’ [mm]
1 4 5 300 2.931 276
2 4 5 276 0.815 271
3 4 5 271 0.245 -

|2

Fig. 8 Experimental result
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