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Synopsis :

In order to clarify the relationship between tube material properties and formability in
tube hydroforming (THF), which has been attracting a lot of attention, experiments and
FEM simulations were carried out. In the case of no axial-feeding, hydroformability for
a free bulging test of straight tubes is greatly affected by uniform elongation (UEL) of
the tubes. As the degree of axial-feeding increases, the effect of r-value, in addition to
UEL, on the hydroformability increases. High r-value and n-value improve the uneven
thickness distribution of pre-bent tubes that deteriorates the hydroformability. On the
basis of these results, hydroformability tests of tubes produced by a CBR forming mill in
Kawasaki Steel were examined to see if the tubes were suitable for THF and their test
results were compared with those for tubes produced by a conventional break down mill.
In the case of tubes produced by the CBR mill, an axial-feeding range in loading paths
with which hydroforming is conducted in success is larger than that for tubes produced

by the conventional mill.
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In order to clarify the relationship between tube material properties and formability in tube hydroforming (THF), which
has been attracting a lot of attention, experiments and FEM simulations were carried out. In the case of no axial-feeding,
hydroformability for a free bulging test of straight tubes is greatly affected by uniform elongation (UEL) of the tubes. As
the degree of axialfeeding increases, the effect of #value, in addition to UEL, on the hydroformability increases. High »
value and n-value improve the uneven thickness distribution of pre-bent tubes that deterigrates the hydroformability. On
the basis of these results, hydroformability tests of tubes produced by a CBR forming mill in Kawasaki Steel were exam-
ined to see if the tubes were suitable for THF and their test results were compared with those for tubes produced by a
conventional break down mill. In the case of tubes produced by the CBR mill, an axialdfeeding range in loading paths with

which hydroforming is conducted in success is larger than that for tubes produced by the conventional mill.
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Fig. 1 Schematic diagram of tube hydroforming test machine
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Fig. 2 Die geometry for bulge test of straight tubes
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Fig. 3 Die geometry for bulge test of pre-bent tubes
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Fig. 4 Relation between displacement of tube ends, X; and limit-
ing bulging ratio, LBR



BREEO A F a7 5 -3 7B HIFTRBNEROBE 161

LBR,,,
*~1BR,

LBR

X

.- \LB
4 05 10 15 20 25
rvalue

Fig. 5 Effect of tube mechanical properties ({a) UEL and (b} »
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Table 1 Values of parameters regressed by Eq. (1)
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Fig. 6 Example of FAT (foming allowance test) results in hydro-
forming
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Table 2 Conditions of FEA and properties of tubes

Tube material JIS STKM13B (TS: 480 MPa)
rvalue 0.47, 0.94, 1.88
#n-value 0.21

Tube size $63.5 % 2.01

Element type Shell

Tube: 2900
Die: 300
Element numbers Punch: 100
Total: 2 890
Code L5-Dyna3D Ver. 950
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E
E
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E
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Internal pressure (MPa)
Fig. 7 Loading path used in FEA
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Fig. 8 Hydroformed tube shape at 28.7 MPa of internal pressure
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Fig. 10 Relation between internal pressure and degree of wrin-
kie {») as results of FEA in case of changing rvalue from
0.47 to 1.84
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Fig. 11 Yield curve in case of changing »value from 0.47 to 1.88
based on JIS STKM138B tubes
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Fig. 12 Effect of #-value and rvalue on LBR, of pre-bent tubes
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Fig. 13 Thickness and hardness distributions along circumfer-
encial direction in center of 2.0d, bending portion of a
tube after pre-bending and hydroforming
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Fig. 14 Effect of #-value on thinning of tubes in pre-bending
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Fig. 15 Effect of rvalue on thinning of tubes in pre-bending
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Fig. 16 An example of successfully hydroformed parts
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Fig. 17 Effects of (a) n-value and (b) rvalue on hydroforming
allowance range <X, in loading paths of pre-bent tubes
with rectangular die
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Fig. 18 Comparison between tubes produced by CBR mill and
BD mill in result of forming allowance tests in THF of
pre-bent tubes
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