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Abstract

Bursting during tube hydroforming is preceded by localized necking. The retardation of the initiation of necking is a
means to enhance hydroformability. Since high strain gradients occur at the necking sites, a decrease in local strain gradients
is an effective way to retard the initiation of necking. In the current study, the expansion at potential necking sites was
intentionally restricted in order to reduce the strain gradient at potential necking sites. From the strain distribution obtained
from FEM, it is possible to determine strain concentrated zones, which are the potential necking sites. Prior to the
hydroforming of a trailing arm, an incompressible material(such as lead) is attached to the tube where the strain-
concentrated zone would contact the die. Due to the incompressibility of lead, the tube expansion is locally restricted, and
the resultant strain extends to adjacent regions of the tube during hydroforming. After the first stage of hydroforming, the
lead is removed from the tube, and the hydroforming continues to the final targeted shape without any local restriction. This
method was successfully used to fabricate a complex shaped automotive trailing arm that had previously failed during

traditional hydroforming fabrication.
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Table 1 Dimensions of specimen

Outer diameter(mm) 65.0
Inner diameter(mm) 60.0
Tube thickness(mm) 25
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Fig. 2 Schematic drawings of test process; (a) free
hydroforming, (b) restrictive bulging with ring
insert

(b)
Fig. 3 Die set for free bulging test; (a) die, (b) ring
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(@)

(b)
Fig. 4 Shape for FE analysis; (a) free hydroforming, (b)
restrictive bulging with ring insert

Table 2 Analysis conditions for FEM

Simulation model Full model
Friction coefficient (1) 0.02
Number of elements 100,000
Mesh type tetra
Maximum pressure (MPa) 80
Axial feeding (mm) 0
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EQ_STRAIN[3D element]
Unit: S_unit

Frin
0.298489

0.059734
0.0298896
4.53101e-005

EQ_STRAIN[3D element]
Unit: S_unit
Frin

0.0605903
0.0307218
0.000853376

EQ_STRAIN[3D element]
Unit: S_unit
Frin

@)

(b)

(©

Fig. 8 FE analysis result of Free bulging test; (a) free
bulging, (b) restrictive bulging with ring insert,
(c) free bulging of restrictive bulged tube
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Fig.10 Expansion ratio of free bulging test; (a) none-
preformed tube, (b) pre-formed tube
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Lead patch
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Fig.11 FE analysis of trailing arm forming test
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lead patch, (b) hydroformed tube without crack
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Fig.14 Hydroformed trailing arm after end cutting
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(No. 2012R1A5A1048294).
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