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Evaluation of Formability on Hydroformed Part for Automobile
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Abstract

Tube hydroforming process is generally consisted with pre-bending, preforming and hydroforming processes. Among
forming defects which may occur in tube hydroforming such as buckling, wrinkling and bursting, the wrinkling and
bursting by local instability under excessive tensile stress mode were mainly caused by thinning phenomenon in the
manufacturing process. Thus the accurate prediction and suitable evaluation of the thinning phenomenon play an
important role in designing and producing the successfully hydroformed parts without any failures. In this work, the
formability on hydroformed part for automobile, i.e. engine cradle, was evaluated using finite element analysis. The initial
tube radius, loading path with axial feeding force and internal pressure, and preformed configuration after preforming
process were considered as the dominant process parameters in total tube hydroforming process. The effects on these
process parameters could be confirmed through the numerical experiments with respect to several kinds of finite element
simulation conditions. The degree of enhancement on formability with each process parameters such as initial tube radius,
loading path and preform configuration were also compared. Therefore, it is noted that the evaluation approach of the
formability on hydroformed parts for lots of industrial fields proposed in this study will provide one of feasible methods to
satisfy the increasing practical demands for the improvement of the formability in tube hydroforming processes.
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Table 1 Tube material properties

Parameter Value
Initial tube diameter [mm] 73,74, 75, 76
Initial tube thickness [mm)] 2.7
Strength coefficient (K) [MPa] 630.77
Work hardening coefficient (n) 0.168
Coefficient of friction 0.1

Preforming Punch

Preforming Die

Preforming
Punch

* Punch : 6EA
*Die :3EA

(a) Preforming process

Preformed
Tube

(b) hydroforming process
Fig. 1 Die layout for total manufacturing process

s AMIIZ S X|/H 173 M 1F, 20084/53



300 : Y T 100
Internal pressure 1o
250 { === +Axial feed displacement
480 §
& o)
S ol 17 &
> w &
e 1 o
5 g
@ 1oL 450 &
g
S o0 1% 8
g PP L
s [ eaem===" 2
2 -- ]
€ sl JEUPRTL 20 3
ol - 410 3
) - L L 1 o

Process time [sec]

Fig. 2 Loading condition on tube hydroforming process
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Section 5
Section 3

Fig. 3 Considered positions for comparison of cross-

sectional configuration

Table 2 Comparison of analysis results after preforming

process
. . Max. Value of
Initial tube Min. Value of Thick
ickness
Thickness Thickness i
reduction rate
73mm 2.498mm 7.48%
74mm 2.497mm 7.52%
75mm 2.497mm 7.52%
76mm 2.364mm 12.44%

Table 3 Comparison of analysis results after
hydroforming process

. ) Max. Value of
Initial tube Min. Value of Thick
ickness
Thickness Thickness .
reduction rate
73mm 1.949mm 27.81%
74mm 2.048mm 24.15%
75mm 2.182mm 19.19%
76mm 2.277mm 15.67%
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(b) After closing dies in hydroforming process

Fig. 4 Comparison of cross-sectional configuration in tubular material
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Fig. 5 Corresponding loading path in hydroforming

process
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Table 4 Comparison of analysis results after hydro-
forming process

. Max. Value
No. MH.I' Value Thickness
Thickness p
reduction rate
Case 1 2.048mm 23.98%
Case 2 2.050mm 23.91%
Case 3 2.054mm 23.78%
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Table 5 Comparison of analysis results after hydro-
forming process

Preform Model Thicli\r/ll::s. r\;?ill?:ti(())fl rate
157 Designed Preform 17.42%
2"P Designed Preform 15.68%
3RP Designed Preform 15.21%

Initial section
view

18T

Designed

Initial section
view

Initial section
view,

2D 3R0

Preform

HF Die closed l

Designed
Preform

Designed
Preform

HF Die closed

Sectional view

Fig. 7 Comparison of sectional configuration in re-designed preform before tube hydroforming process
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