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Multi-stage Analysis of Elliptic Cup Drawing Processes
with the Large Aspect Ratio by an Explicit
Elasto-plastic Finite Element Method

S. H. Kim, S. H. Kim and H. Huh

Abstract

Finite element analysis is carried out for simulation of the multi-stage elliptic cup drawing process
with the large aspect ratio. The analysis incorporates with shell elements for an elasto—plastic finite
element method with the explicit time integration scherme. For the simulation, LS-DYNAS3D is utilized for
its wide capability of solving forming problems. The simulation result shows that the non-uniform
drawing ratio at the elliptic cross section and the small shoulder radius cause failure such as tearing and
wrinkling. The result suggests the guideline to modify the tool shape for prevention of the failure during
the drawing process.

Key Words : Elliptic Cup, Multi-stage Deep Drawing Process, Flasto- plastic Finite Element Method,
Die Design
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Fig. 1 Punch and die profiels at each forming stage :
(a) stage 1; (b) stage 2; (c) stage 3; (d) stage 4
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Fig. 2 Shapes of the tool and blank at each forming
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Deformed shapes of the blank at the stage 1: (a)
punch stroke = S mm; (b) punch stroke 10
mm; (¢) punch stroke = 15 mm; (d) fully drawn
shape

Fig. 4
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Fig. 5 Thickness strain distribution at the stage 1
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Fig. 6 Deformed shapes of the blank at the stage 2
without cup holder: (a) punch stroke = 20 mm;
(b) fully drawn shape
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Fig. 7 Deformed shapes of the blank at the stage 2 with
cup holder: (a) punch stroke = 10 mm; (b) punch
stroke = 15 mm; (c) punch stroke = 20 mm; (d)
fully drawn shape
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Fig. 8 Thickness strain distribution at the stage 2
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Fig. 9 Deformed shapes of the blank at the stage 3: (a)
punch stroke = 10 mm; (b) punch stroke = 20
mm; (c) punch stroke = 25 mm; (d) fully drawn

shape
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Fig. 10 Thickness strain distribution at the stage 3
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Fig. 11 Deformed shapes of the blank at the stage 4:

(a) punch stroke = 10 mm; (b) punch stroke =
20 mm; (c) punch stroke = 30 mm; (d) fully
drawn shape
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Fig. 12 Thickness strain distribution at the stage 4
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each stage of the forming process
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