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Experimental Study on the Multi-stage Deep Drawing Process

Min Ho Park, Sang Jin Kim and Dae Gyo Seo

Abstract

A method of determining an optimum blank shape for non-circular deep drawing process is

extended to the multi-stage deep drawing process. As an example, concentric two-stage square

deep drawing process is considered, and the ideal blank shape, with uniform cup height and

without flange part after the process, is constructed by the backward tracing of rigid plastic FEM.

The conventional square blank shapes are also adopted for the comparison of two cases. As a

result, it is confirmed that the drawn products with better thickness strain distribution and deeper

cup depth could be obtained by the suggested ideal blank shapes.

Key Words : blank design(z4=] &4 14),
2o 7H3),
blank shape (&= 4] &4h)
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multi-stage (t}hA]),
rigid-plastic finite element method (7} 4 4]

deep drawing process (¥ =
Faes),
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Table 1. Input data for calculation

plastic coefficient () 50.81  (kgf/mm?)
Mate'rfal strain hardening exponent () 0.25
conditions

thickness (¢) 0.7 (mm)
Frictional blank holding force (B.H.F.) 2000 (kgf)
conditions friction coefficient (u) 0.18
Geometric die profile radius(Rd) 5 (mm)
conditions clearance between die and punch 1.7 (mm)
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Table 2. Comparison of formability of each blank shape for multi-stage deep drawing process

Blank H2=20 mm I H2=30 mm
shape Hi=15 | H1=19 | H1=20 | H1=21 | H1=25 | H1=15 | H1=17 Hi=19 | H1=20
(mm) {mm) (mm) (mm) (mm) {mm) (mm) {mm) (mm)

Optimum | 15 mm 199mm | 20mm | 21 mm

fracture | 15 mm 17 mm 19 mm | fracture

Square 15 mm 19 mm | fracture

15mm | fracture

(

.

(a) Cross section of punch

JHl

(b) Front view of punch

Fig. 5 Geometry of punch for multi-stage deep draw-
ing
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H1=21 mm, H2=20 mm
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Fig. 8 Comparison of the products from two blank shapes
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Thickness strain distribution (56)

25 b
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Fig. 11 Thickness strain distribution along a-line for
optimum blank (H2=30 mm)
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Fig. 12 Thickness strain distribution for optimum
blank (H1=15 mm, H2=20 mm)
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Fig. 13 Thickness strain distribution for square blank
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Fig. 15 Thickness strain distribution along b-line
(H1=15 mm, H2=30 mm)
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Fig. 16 Comparison of intermediate stages by simulation and experiment (H1=15mm, H2=30 mm)
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