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Blank Design and Strain Prediction in Sheet Metal Forming Process
Choong Ho Lee and Hoon Huh
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Abstract

A new finite element approach is introduced for direct prediction of bland shapes and strain
distributions from desired final shapes in sheet metal forming. The approach deals with the
geometric compatibility of finite elements, plastic deformation theory, minimization of plastic
work with constraints, and a proper initial guess. The algorithm developed is applied to cylindri-
cal cup drawing, square cup drawing, and front fender forming to confirm its validity by
demonstrating reasonable accurate numerical results of each problems. Rapid calculation with
this algorithm enables easy determination of various process variables for design of sheet metal

forming process.
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Kinematics of linear triangular membrane
elements between the initial state and the final

state
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Table 1 The material properties and the process variables for the examples

Stress-strain curve (kgf/mm?)

Lankford value

Initial sheet thickness (mm)

Friction coefficient

Blank holding force (kg;)

1 Cylindrical cup, square cup Front fender
7=545(a+ " 0=56.9(a+ &)
a=0.00436 a=0.01276
X 92, s—=1.
1092, =160 Tag=1.71
Ty =2 35, ravg:1 .87
0.8 0.81
0.15 0.134
4000
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(b) Square cup
Fig. 3 Geometry description of the tooling for Deep
drawing
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Deformed shape of cylindrical cup with finite
element mesh geometry obtained from CAD
models (cup height=230 mm)
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(b)
{a) Initial shape guessed by linear mapping
(b} Computed optimum blank shape

(a)

Fig. 5 Finite element meshes for an initial guess and
a computed blank shape of a cylindrical cup
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Fig. 6 Computed optimum blank shapes for cylindri-
cal cups with different materials and friction
conditions
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Fig. 7 Comparison of the flange contour in the final
shape between the desired CAD models and
the experimental ones

Fig. 8 Deformed shape of square cup with finite
element mesh geometry obtained from CAD
models (cup height =30 mm)
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(a) Initial shape guessed by linear mapping
(b) Computed optimum blank shape

Fig. 9 Finite element meshes for an initial guess and
a computed blank shape of a square cup
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Fig. 10 Computed optimum blank shapes for square
cups with different materials and friction con-
ditions
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Fig. 11 Comparison of the flange contour in the final
shape between the desired CAD models and
the experimental ones
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tion between the computed result and the
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