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A Theoretical Analysis of Hydraulic Bulge Test on a Linear
Strain-Rate-Hardening Material

Yoshinobu MotoHASHI™ and Takao SHIBATA®

Abstract — Plastic deformation processes of a material which hardens with ‘strain-rate in a circular-die
hydraulic bulge test under the condition of a constant flow rate have been studied theoretically. Analytical
solutions derived as series to the second-order approximation are obtained by iteration method using
an incremental strain theory with a linear strain-rate-hardening relation as yield criterion. And, numerical
calculations of the derived solutions are carried out and the distributions of stress and strain, and the
features of various bulge parameters are investigated. When M-value, which is a dimensionless constant
and a measure of strain-rate-hardening, is large, the following can be deduced: (i) The bulge profile
approaches nearer and nearer to the spherical shape, and in particular the bulge spreads out than the
spherical shape in an early stage of deformation. (ii) The thickness strain diffuses from the polar region of
the bulge toward the region adjacent to the die, which results in a uniform change of the sheet thickness.
(iii) Maximum hydrostatic pressure point, which would be a measure of the onset of plastic instability,
shifts toward a larger strain side, implying that forming limit, especially bulging limit would be improved.
The accuracy of the derived series solutions is believed to be within enough exactness up to h/a=20.6 at
the polar region and up to hfa=0.2 in the regions near to the die where h is the bulge height and a is
the radius of the die.
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Fig. 1 Profile of a deformed membrane show-
ing notations and co-ordinate system.
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Fig.7 Distribution of the thickness strain.
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