
11th World Congress on Computational Mechanics (WCCM XI) 
5th European Conference on Computational Mechanics (ECCM V) 

6th European Conference on Computational Fluid Dynamics (ECFD VI) 
July 20 - 25, 2014, Barcelona, Spain 

 
 

 

 
 

Hydraulic bulge test for stress-strain curve determination and damage 
calibration for Ito-Goya model 

 
Hugo Campos1(*), Abel D. Santos1,2, Bruno Martins1, K. Ito3, N. Mori3, F. Barlat4 

 
1 INEGI, Institute of Mech. Eng. and Ind. Management, University of Porto 

2 FEUP– Faculty of Engineering, University of Porto 
Rua Dr. Roberto Frias 400, 4200-465 Porto, Portugal 

3 M&M Research, Inc., Tokyo, Japan 
4 GIFT/POSTECH, Pohang, South Korea 
 hcampos@inegi.up.pt, www.inegi.up.pt 

 
 

 
Key Words: Bulge test, stress-strain curve, material characterization, sheet metal forming 
 
 

Abstract 
 
Hydraulic bulge test represents an alternative method to obtain the stress-strain hardening 
curve for sheet metal materials. When compared to standard uniaxial tensile test it permits 
higher range of deformation, thus being possible a better material characterization, with less 
discrepancies when performing data extrapolation by using a selected material model. 
This paper presents a numerical study of flow curve determination using bulge test, in parallel 
with an experimental system development, in order to better understand the behavior of 
fundamental variables and have the better tuning for stress-strain data determination. 
Performed sensitivity analysis of such influencing variables used in bulge measurements will 
give guidelines for the evaluation of the material flow curve from experimental results. 
Additionally, bulge test results can also be used for evaluation and calibration of damage 
models when sheet material is deformed up to fracture. A methodology is presented to be 
used for evaluation and calibration of Ito-Goya damage model of damage prediction, which is 
applied to some experimental examples. 
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