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Finite Element Analysis of Axisymmetric Sheet Hydroforming Processes

Y. H. Jeong’, S. H. Lee’ and Y. T. Keum”

Abstract

The sectional forming analysis program for analyzing the hydroforming processes of axisymmetric

sheet

parts was developed. The rigid-viscoplastic FEM formulation based on membrane theory was derived,

which simultaneously solve force equilibrium as well as non-penetration condition. Hill's non-quadratic

normal anisotropic vield theory(1979) was used for material behaviour. For describing the liquid pressure

action, the flexible tool concept was introduced. Isotropic hardening law was also assumed. To verify the

validity of the formulation, the stepped cup forming process as well as the hydrostatic bulging test were

simulated. Simulation results agreed well with Finckenstein and experimental ones.
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Table 1 Material properties of the sheet and process
parameters in a sheet hydroforming operation.

Properties Value
Strength of material, K(MPa) 646
Strain rate hardening exponent, n 0.227
Pre-strain, €o 0.001
Plastic anisotropy parameter, 1 1.25
Hill’s yield function parameter, M 2.0
Coulomb friction coefficient, B 0.1
Thickness of sheet, t(mm) 08

Table 2 Finite element mesh and boundary
condition for a sheet hydroforming operation.

Finit& (I)E(}:{nent Description
Nodes 71
Mesh - -
Elements 70 (2-node linear line)
Boundary Left Fixed
Condition|  Right Stretch/Draw (200 N/mm)




Table 3 Material properties of the sheet and
process parameters in a hydrostatic bulging test.

Properties Value
Strength of material, K(MPa) 529
Strain rate hardening exponent, n 0.197
Pre-strain, £ 0.001
Plastic anisotropy parameter, 1 1.463
Hill's vield function parameter, M 20
Coulomb friction coefficient, B 0.14
Thickness of sheet, t(mm) 0.8

Table 4 Finite element mesh and boundary
condition for a hydrostatic bulging test.

¥ mxt% :;{g‘ment Description
Nodes 12
Mesh - - ;
Elements 11 (2-node linear line)
Boundary Left Fixed
Condition | Right Stretch/Draw (200 N/mm)
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Fig.1 Schematic view of flexible tool.
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Fig.?2 Schematic view of sheet hydroforming process.
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Fig.3 Comparison of thickness distribution in the
sheet hydroforming process between FEM predictions.
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Fig4 Comparison of thickness distribution between
deep drawing and sheet hydroforming process.
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Fig.5 Tooling geometry of hydrostatic bulging test.
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Fig66 Comparison of thickness strain distribution in
the hydrostatic bulging test between FEM and experiment.
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