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Experimental Drawbead Dies for Measuring Drawbead Forces
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Abstract

A drawbead die for the experimental determination of drawbead forces was newly introduced in this paper. While the

conventional Nine’s drawbead die inevitably includes effects of a blank holding force on the measured drawbead forces,
the new drawbead die excludes it by removing the blank holder contact in the dieface. Therefore, the new drawbead die
can provide more realistic drawbead forces without considering somewhat arbitrary effect of blank holder with the
computational procedure of forming process. The drawbead opening force and restraining force obtained by adopting the
two experimental dies were compared for the validation of accuracy in the FEM simulation of automotive fender forming
process. The compared section strains and draw-ins confirmed that the present drawbead die provides better drawbead
forces for an accurate FEM simulation of sheet metal forming process.
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Fig. 2 Free body diagram in a new circular drawbead
die set for measuring drawbead forces

(c) Step Drawbead

Fig. 3 New experimental drawbead die sets for measuring

drawbead forces
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Fig. 4 Blank helding force(BHF) in Nine’s experimental

drawbead die

Table 1 Comparison of drawbead forces between Nine’s
and new experimental dies

Experimental DBOF DBRF
Model (N/mm) (N/mm)
Nine 89.1 1343
New 73.8 72.1
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(c) Square Drawbead

Fig. 7 Schematic view of drawbeads shown in Fig. 6

Table 2 DBOF and DBRF determined by Nine’s
experimental dies when BHF=158N/mm

Circular Elliptical Square
Drawbead
Drawbead Drawbead Drawbead
Forces
(N/mm) (N/mm) (N/mm)
DBOF 127.6 110.1 140.9
DBRF 147.0 120.5 193.5

Table 3 DBOF and DBRF measured from new
experimental dies

Drawbead Circular Elliptical Square
rawbea Drawbead Drawbead Drawbead
Forces

(N/mm) (N/mm) (N/mm)
DBOF 73.8 60.7 94.0
DBRF 72.1 53.3 107.5
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Fig. 8 Formed shapes of fender obtained from FEM
forming analysis
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strain distributions

8

Fig.10 Points in fender draw panel for measuring

draw-in amounts

Table 4 Comparison of RMS errors of strains between
Nine’s and new experimental dies

Experimental RMS Error (%)

Model I-I 222 33 44

Major Nine 74 482 119 | 280
Strain New 4.6 23 98 24
Minor Nine 45 1.6 59 21
Strzin New 35 18 5.7 28
Thickness Nine 10.1 483 109 | 271
Strain New 44 3.0 9.6 38
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Table 5 Comparison of relative errors of draw-in
between Nine’s and new experimental dies

Experimental Relative Error (%)

Dies 1 2 3 4 5 6

Nine 240 | 110 | 679 | 105 | 148 | 121

New 120 | 130 | 536 | 53 3.7 | 182
Experimental Relative Error (%)

Dies 7 8 9 10 11

Nine 219 | 138 | 200 | 639 | 727

New 250 69 | 100 | 194 | 9.1
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