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Superplstic Forming Analysis of Duplex Stainless Steel with Finite Element Method
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In recent years, there has been a considerable interest in the application of superplastic forming
in the aircraft and automotive industries. This requires a detailed design of the technological
process in order to exploit its peculiar potentialities better. Nowadays, the finite element method is
used to plan the sheet metal forming processes whose simulation requires determination of
material constants for superplastic materials. The present work is aimed to show a simple method
to characterize superplastic materials duplex stainless steel which was formed by a constant gas-
pressure to hemispheres with and without back pressure. The forming operation was performed
using an in-house designed and built biaxial forming apparatus. The temporal change of dome
heights of hemispheres were measured for applying the pressures. The flow stresses and strain
rates developed at the top of the dome during the forming step were shown to follow closely the
flow stress - strain rate relationship obtained from the strain rate change tests performed at the

same temperature.
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K = Strength coefficient
m = Strain rate sensitivity
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2.3 Free bulging test
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Fig. 1 Free bulging geometry of plate
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Fig. 2 Scheme of bulge forming equipment
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Table 1 Curve result of experimental data obtained from
the free bulging test

Pressure A b C
3.5 [MPa] -2.33055 3.23543 0.28634
5.5 [MPa]j 3.43042 1.39388 0.42766
Reference y=a+bx*
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Fig. 3 Height-time curve obtained from the free bulging
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Fig. 4 Plot of stress vs. strain rate
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Table 2 Determined strain rate sensitivity and strength
coefficient

Pressure m log K [MPa] | K [MPa]
3.5 [MPa] 0.53554 3.3814 2406.58
5.5 [MPa] 0.55901 3.4204 2632.87
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Fig. 6 FE modeling for whole model
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Table 3 Simulation cases

P [MPa] m K [MPa]
Case 1 3.5 0.53554 2406.58
Case 2 5.5 0.55901 2632.87
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Fig. 8 Equivalent stress distribution in the case 1

Fig. 10 Equivalent stress distribution in the case 2

Fig. 11 Displacement U2 distribution in the case 2
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