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The Effect of Strain Rate on the Instability of Sheet Metal
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Abstract

The forming limit diagram is assessed as a means of estimating the forming characteristics of
sheet metal and is usually determined experimentally. The strain rates used in the determination
are likely to be low. However, often in practice, the strain rates are much higher, so if forming
limit diagram is determined at low rates, it may not be appropriate. This paper reconsiders the
forming limit diagram for mild steel and aluminum sheet up to variation in strain rate from 10-%/
sec to 20/sec where its forming has been carried out under oil preséure using a hydraulic bulge
test with circular and elliptical dies. To obtain higher strain rate, an impact bulge test had been
employed with the same die sets as those used for a hydraulic bulge test. The results obtained are
as follows:

(1) As the strain rate increases, the fracture pressure increases and the polar height at fracture
decreases.

(2) Experiment has shown that, in the positive quadrant of the forming limit diagram, the
diagram is lowered with increasing strain rate and the effect of strain rate changes according to
strain paths and materials.
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Table 1 Chemical composition: Wt%
Steel
Thickness C P S Mn Si Fe
0.6mm 0.0045 0.0008 0.013 0.35 0.008 99.576
Aluminum
Thickness Cu Ni Cr Mn Si Fe Zn Mg Ti Al
0.6mm 0.01 0.01 0.005 0.02 0.17 0.45 0.01 0.01 0.01 99.305
Table 2 Mechanical properties
Y.S. T.S. Elongation
Material | Heat treatment K n R
(kg/mm?) | (kg/mm?) %)
Steel As-received 29.277 37.147 62.446 0.224 1.165 21.4
Aluminum | As-received 15.70 16.31 21.03 0.06 0.539 6.2
Aluminum | Annealed 2.86 8.47 14.15 0.237 0.997 22.6
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