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Abstract : Recently, the use of tubes in the manufacturing of the automobile parts has increased and therefore many
automotive manufactures have tried to use hydro-forming technology. The hydro-forming technology may cause many
advantages to automotive applications in terms of better structural integrity of the parts, lower cost from fewer part
count, material saving, weight reduction, lower spring-back, improved strength and durability and design flexibility. In
this study, the whole process of front engine cradle (or front sub-frame) parts development by tube hydro-forming using
steel material having tensile strength of 440 MPa grade is presented. At the part design stage, it requires feasibility study
and process design aided by CAE (Computer Aided Design) to confirm hydro-formability in details. Effects of
parameters such as internal pressure, axial feeding and geometry shape on automotive sub-frame by hydro-forming
process were carefully investigated. Overall possibility of hydro-formable sub-frame parts could be examined by cross
sectional analyses. Moreover, it is essential to ensure the formability of tube material on every forming step such as
pre-bending, preforming and hydro-forming. At the die design stage, all the components of prototyping tools are
designed and interference with press is examined from the point of geometry and thinning.

Key words : Hydroforming( <4<} &), Engine cradle(l 2l =95, Axial feeding(5%3F 3] o), Bending(Hl9),
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Fig. 1 Geometry of main member & cross member of engine
cradle

Fig. 2 Analyses of cross sections of main member along the
half symmetry part, (unit: mm)
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Table 1 Mechanical properties of tube material

Elastic | Yield | Tensile | Uniform Tensile
modulus, | strength, | strength, | elongation, | elongation, | n
GPa MPa MPa | % %

210 365 473 16.3 314 0.15

T HA 9 Ho Y57 o)= 201.2mm, 219.8mm©]
1 o|ujj ] -8 7}7}0.8%, 10.3%°] ) A A &
H Alo]z2E HFZol 1995mmE e 9
63. Smm(2 SMFEIH AR AE dFZo)r)

Bo) dFdolHt} Aol &3 0] 83 o=
E__}r.__ﬂ] _TL;G o2 o_]‘z‘sLs]_ /K3|647]-510] 7]—%—6‘]—5}, %l
WH o 2 3]-8-3t+= | FH-E&210%0]H o] &
o A Hd & A Ho] FF & Tk 7t
VB2 oS tAsitt & 5 Qi Stol= ey
TG Al EYoldE A% FEAA AL QA E

= 5he] B4 —a}ga_gu:] -1 AF}E Table 1] 1}e}

% A& o 1 %E—aﬂzd /\1-

% JLE:L%‘ ?l LS-Dyna" AH8-EF ATk AAPE 7 Wl

GREE 100 mmE ZXEE Wiy A] F 1082 wid o

Z Z27123mm 7498 F2rE1.92.7mme FAR

WL ¢ 4 ATk B AYAE SN AHE o)
e 1

o= P E B F Sy
dehgich stol=2 ey 34 AlE ol
A0 A 9} W}R7}R] ZLS-DYNAS A}&
3} FHo] Bl B FroE A1
ol LA e o) Fi10] Fo 2 3.

i

h

oot 2 B O &
o ol
S
=3
o
=
=
w®
BL
o>
o,
..2,
i
Au)
L
N
ni_.
o
. O
)

off gt H O
o

r
= lO
Iz

z7| %37} ax gyat= T;Laﬂ o] %
7F AFGSHA Wy E A5 = A

88 sIIXISAIZES=2%] M16H 1S5, 2008

2.214e408
24390008
Min. thick. = 1.90 (-17.8%) z.asseees o

Max. thick. = 2.70 (+17.4%) 47"+ B

Fig. 3 Thickness after simple bending simulation

Pre-crushing

Fig. 4 Initial mesh of hydro-forming die cavity and tube
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Fig. 5 Predicted geometry and distribution of thinning after
hydro-forming process with end feeding
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Fig. 6 Examples of geometry modification
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Fig. 7 Overall die design including press column (iso-view
and top view)
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Fig. 8 Relationship between internal pressure and wall
thickness
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Table 2 Calculation results of press capacity security
Expansion ratio, min, | 0.8%

Expansion ratio, max. 10.3 %

Corner radius, min. 10 mm

Tube size (determined) 63.5 mm (outer diameter)

Thickness of tube wall (given) 2.3 mm
Max. force to seal tube ends 38.1 ton
Force to move materials at tube ends |25.1 ton
Force by the friction 35.4 ton
Calibration pressure, min. 1,398.4 bar
Axial force for feeding 98.6 ton
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Fig. 9 Hydro-formed part

Fig. 10 Various defects on hydro-formed part. position of
(a), (b) and (c)
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Fig. 11 Positions where the thickness is measured on the
hydro-formed part

Table 3 Comparison of the thickness variation: between
calculated and measured values

Position Measured Calculated Deviation
Al 2,05 mm 2.03 mm 1.0%
A2 1.8Imm 1.81 mm 0.0%
A3 1.83 mm 1.83 mm 0.0%
Ad 1.89 mm 1.93 mm -2.1%
AS 1.83 mm 1.85 mm -1.1%
A6 1.84 mm 1.76 mm 4.4%
A7 1.60 mm 1.72 mm -7.5%
A8 1.96 mm 1.87 mm 4.6%
A9 1.82 mm 1.80 mm 1.1%
Al0 1.79 mm 1.75 mm 22%

Al 179 mm 175 mm 2.2%
Al2 1.74 mm 1.79 mm -2.9%
Al3 1.78 mm 1.79 mm -0.6%
Al4 2.17 mm 1.95 mm 10.1%
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