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Blank Design in Sheet Metal Forming Process
Using the Rollback Method

Jong-Yop Kim, Naksoo Kim and Man-Sung Hun

Abstract

A new blank design method is proposed to predict the optimum initial blank shape in the sheet metal
forming process. The rollback method for blank shape design takes the difference between the deformed
blank contour and the target contour shape into account. The minimization object function R is pro-
posed. Based on the method, a computer program composed of blank design module, FE-analysis mod-
ule and mesh generation module is developed. The rollback methed is applied to square cup, reentrant
cross section, L-shaped cup drawing process with the flange of uniform size around its periphery to con-
firm its validity. The optimum initial blank shape is obtained from an arbitrary blank shape after sever—
al modifications. Good agreements are recognized between the numerical results and the published
experimental results for initial blank shape and thickness strain distribution. It is concluded that the
rollback method is an effective and convenient method for an optimum blank shape design.

Key Words : Blank Design, Sheet Metal Forming, Finite Element Method, Rollback Method
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Fig. 6 Geometry description of the tooling for deep
drawing of a square cup
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Fig. 7 Deformed shape of square cups with FE-mesh geomtry
(cup height=40 mm);(a) square cup obtained from initital
square blank (b) square cup with the flange of uniform
size around its periphery
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Tablel Result of optimum blank design for square
cup drawing

Blank Area| Difference | Max. Punch | Object Function
(mm®) | Area (mm?) | Load (tonf) R

Initial blank 25600 | 6584.15 | 5.987 0.257
Ist mod. blank | 18883 | 815.91 5.336 0.043
2nd mod. blank | 19966 | 400.19 5.720 0.020
3rd mod. blank | 19495 | 126.70 5.577 0.006
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Fig, 14 Comparison between the initial blank contour and the
deformed blank contour in deep drawing of reentrant
cross section

Table 2  Result of optimum blank design for reentrant
cross section

Blank Area| Difference | Max. Punch |Object Function
{(mm®) | Area (mm?)| Load (tonf) R

Initial blank 25500 | 8017.77 | 5.466 0.356

st mod. blank | 14134 | 1149.99 | 3.600 0.081

2nd mod. blank | 16900 | 1886.69 | 4.721 0.112
3rd mod. blank | 14779 | 648.11 3.802 0.044
4th mod. blank | 15702 | 592.91 4.281 0.038
5th mod. blank | 15017 | 250.90 4.111 0.017

6th mod. blank | 15026 | 179.71 4.147 0.012
105.14 4123 0.007

7th mod. blank | 15020
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Fig. 15 Comparison of the initial blank contour between the
rollback method and the backward tracing scheme®
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Fig. 16 Comparison of the deformed blank sharpe;
(a) simulation result using the backward tracing scheme
(b) simulation result using the rollback method
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Fig. 17 Comparison of the cup height between the rollback
method and the backward tracing scheme
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Fig. 19 Comparison between the initial blank contour and
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Table3 Result of optimum blank design for L-shaped
cup drawing

Blank Area| Difference | Max. Punch | Object Function
(mm?) | Area (mm®)| Load (tonf) R
Initial blank 11301 | 3748.58 | 4.929 0.332
Ist mod. blank | 7400 389.51 3.363 0.053
2nd mod. blank | 7868 219.63 3.598 0.028
3idmod. blank | 7678 | 6109 | 3.437 0.008

Fig. 20 Simulation result using the rollback method
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