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Finite Element Simulation of Axisymmeric
Tube Hydroforming Processes

Y. S. Kim and Y. T. Keum

Abstract

Recently, the hydroforming process is widely applied to the automotive industrv and rapidly spreaded
to other industries. In this paper, An implicit finite element formulation for simulating axisymmetric tube
hydroforming processes is performed. In order to describe normal amisotropy of the tube, Hill's
non-quadratic yield function is employed. The frictional contact between die and tube and the frictionless
contact between tube and fluid are considered using the mesh-normal vectors computed from the finite
element mesh of the tube. The complete set of the governing relations comprising equilibrium and
interfacial equations is linearized for Newton-Raphson procedure. In order to verify the validity of the
developed finite element formulation, the axisymmetric tube bulge test is simulated and the simulation
results are compared with experimental measurements. In a simulation of stepped circular tube
hydroforming processes, an optimal hydraulic pressure curve is pursued by considering simultaneously

internal pressures and axial forces.

Key Words : Axisymmetric Tube Hydroforming, Finite Element Simulation, Tube Bulging, Axial Force
Optimal Hydraulic Pressure
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Table 1 Material propertlm used in the simulation of
tube bulging test™

Properties Value
Diameter 57.15 mm
Thickness 0.6 mm
Yield Stress 289 MPa
Ultimate tensile strength 652 MPa
Strength coefficient 1451 MPa
Strain-hardening coefficient 0.6

Die
12.7 mm
]

R 635/mm

2858 mm

£

Fig. 2 Tooling geometry of tube bulging"?
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Fig. 3 Formed tube geometries associated with hydra

ulic pressure increase
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Table 2 Material properties used in the

tube hydroforming simulation
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stepped circular

Properties Value
Diameter 40 mm
Thickness 1.2 mm
Yield Stress 215 MPPa
Strength coefficient 534 MPa
Strain-hardening coefficient 0.207
82 /er=aMziEstEx/A11E Als, 2002

40 mm

Die

R 10 mm
10 mm

Tube
)

69 mm

20 mm

Aoy

Fig. 6 Tooling geometry of stepped circular tube hy
droforming
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Fig. 7 Trial paths to examine the formability
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Fig. 8 Formed tube geometries associated with variou
-s trial paths shown in Fig. 7
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Fig. 9 Comparison of strain distributions between C1
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