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Abstract

In the analysis of sheet metal forming, constitutive
equations are examined for the prediction of breakage
strains. Breakage initiation is numerically evaluated by
Gotoh's method in which the onset of the localized
necking is adopted as a breakage condition. The
commercial elastic-plastic FEM codeisimproved by
using J2-Gotoh's corner theory and biquadratic
anisotropic yield function. The evaluation function for
breakage is aso introduced into this code. The friction
coefficient on dies are measured by amodel test, and the
actual pressure distribution on the blank-holder is
considered. The square-cup drawing processis
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numerically analyzed using the improved code.
Numerical results with respect to the distribution of
displacement and strain along the die surface, the punch
load, the breakage location, and the punch stroke at the
onset of breakage are in good agreemen with the
experimental results. The ring-shaped cup press
working processis aso numericaly analyzed. Theyield
function is modified so asto consider the effect of the
pressure on breakage. Numerical results for the strain,
the breakage site, and the breakage depth are in good
agreement with the experimental resullts.
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Table 1 An example of mechanical properties of mild
steel sheet (‘thickness:t = 0.7mm).

Tengdle | Yield | Tensle | Total
dl[xe?}’l on of/rel\/?Pa thyﬁspa elogg/ag}o on| n-value | r-value
0 158 300 55.6 0.231 214
45 172 314 44.6 0.218 153
90 168 303 50.2 0.221 247
mean 168 308 48.8 0.222 1.92
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Fig. 3 Conditions of square-cup drawing.

Table 2 Friction coefficient measured by model test™"“.
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Part of tool Flange | Dieshoulder | Punch shoulder

ooooO(ODboooooooooo)o

Friction coefficient

0.14 0.23 0.20
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direction in square-cup drawing.
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Table 3 Mechanical properties of workpiecein ring-
shaped cup press working.

Tensile | Yield Tensile | Total
direction | stress stress |elongation | n-value | r-value
al° oy/MPa |Ts/MPa| 6/%

0 435 585 270 0.157 | 0.758
45 437 568 28.3 0.154 | 1415
90 465 604 273 0.142 | 1.144

mean 443 582 217 0.152 | 1.183

Outer Inner
blankholding  © unch force blankholding

fcie ‘ for'ce

Inner
Outer
blankholder Punch blankholder

Inner die

o

uter die

////////// Pad

Pad force

Fig. 13 A half section of pressworking in ring-shaped
cup press working.

Pressure /MPa

Initial pressure distribution on inner blankholder in ring-
shaped cup press working.
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Table 4 Punch travel of breakage initiation in ring-

shaped cup press working.
Out-plane stress Punch travel
Calculation Neglected 320
Calculation Considered 36.0
Experiment | = -----eemee- 37.0
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