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Formability of Sheet Metal in Noncircular Cup Drawing(1I)
-for Arbitrary Cross Sections-

Min Soo Kim, Jae Hyeon Shin and Dae Gyo Seo

Key Words : Blank Design (4 2] 3 A4 A}, Uniformity of Drawn Cups(# ¢ Si.4l), Limiting
Drawing Ratio(3tA4]| A& v]), Slip Line Theory(wj1z8] 4 #o] &), Arbitrary Cross
Section (4 ¢ =)

Abstract

The five punch and die sets are selected as the examples of arbitrary cross sections which have
two opposite inclined sides. Two kinds of blank shapes are designed for all cross sections.
One(h-bl.) is determined by slip-line theory and the other(G-bl.) is determined conventionally as the
similar shapes with the cross sections which were used by Gopinathan. As a result of the
experimental procedures, the superiority of the blank shapes designed by slip-line theory is
verified in the limiting drawing ratio, the uniformity of cup height and the thickness distributions.
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Fig. 5 Slip line fields and blank shapes for the shape
factors
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Table 1 Tensile properties of specimen

Tensile direction to R.D. 0° 45° 90° Ave.
Tensile strength (Kgf/mm?) 31.637 32.465 30.769 31.624

R-Value 2.4 2.15 2.85 2.47

n-Value 0.213 0.222 0.254 0.23
Elongation (%) 42.62 39.779 30.604 37.668

Table 2 Experimental condition

Press machine : 30 ton universal testing machine, oil-hydraulic pump and single-acting rams.

‘Tool (rf. Dimension of mm)

Punch : Distance between oppo- W 50
site sides r,=3
Profile radius n=>5
corner radius
Die : Distance between opposite W=524
sides ra=3
profile radius r,=6.2

corner radius

Corner angle of=(°(square), 6.

punch and die 5°, 13°
19.5°, 26.5°(tri-
angle)
Clearance between punch and die =12
Lubricant (on Die) Grease
Blank
Material : 5541 Mild Steel
Sheets
Nominal thickness 0.8
Shape : h-uni bl,, G-b..
Diagonal direction 0°to RD
The interval of drawing ratio 8 =0.1

Blank-holding force=Siebel’s semi-theoretical value calculated by substituting 8 as drawing
ratio into the formula.

Punch speed | 2 mm/sec Temperature

| 10°C




3100 A4 - AlA

Fig. 7 Dimension of h-bl. and G-bl.
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