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The Application of Finite Element Method to Process Design
Considering Forming Limit in Deep Drawing

Young Choi , Kyu-Ho Lee , Dae-Chul Ko , Byung-Min Kim and Jae-Chan Choi

Abstract
The limit drawing ratio (LDR) is a major process parameter in the process design of deep drawing. If

the actual drawing ratio is greater than the LDR for a particular stage, then an intermediate stage has
to be added the process sequence to avoid failure during the drawing operation and the optimal process
design considering forming limit is performed for the first-drawing and redrawing by using finite ele-

ment method combined with ductile fracture criterion. From the results of finrte element analysis, the

optimal value of drawing ratio is obtained, which contributes to the more uniform distribution of
thickess and the smaller values of the ductile fracture infinal cup.

Key Words : Deep Drawing, Finite Element Method, Process Design, Ductile Fracture,

Limiting Drawing Ratio, Uniform Distribution of Thickness, Optimal Process
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Fig. 1 Flowchart for accomplishing both the analysis of
deformation and the prediction of deformation and
the prediction ductile fracture in metal forming
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Fig. 2 Tool dimensions and workpiece configurations in
deep drawing process EndLoop on Lk Drawing Ratio

DETERMINATION OF OPTIMAL PROCESS

Table I Material properties and constants of A1100-O

« Derviation of Thickness
- Madmum Fracture Vakue
Flow stress G = 178 &% (MPa)
Average r-value T =08
Yield stress g, = 81.7 (MPa)
Tensile strength 6, = 96 (MPa) Fig. 3 Block diagram of process sequence design
Materials constants in E¢.5)| A = 0.33, G = 0.42 in axisymmetric deep drawing
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Table 3 Tool geometry for simulation

Blank diameter 266.70 mm
Blank thickness 0.81 mm
Punch diameter 152.40 mm
Punch corner radius 20.07 mm
Die opening diameter 15824 mm
Die corner radius 16.00 mm
20
/// Fracture
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Fig. 6 Comparison of predicted fracture stroke with
experiment?
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Fig. 7 Deformed mesh and distribution of fracture value
for drawing ratio of 2.08
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Fig. 8 Deformed mesh and distribution of fracture
value for drawing ratio of 1.76
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