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Abstract : The environment and energy related problem has become one of the most important global issues in recent
years. One of the most effective ways of improving the fuel efficiency of automobiles is the weight reduction. In order
to obtain this goal the hydroforming technology has been adapting for the high strength steel and its application is being
widened. In present study, the chassis components (mainly cross members of engine cradle) simulation and develop-
ment by hydroforming technology to apply high sirength steel having tensile strength of 440 MPa grade is studied. In
the part design stage, it requires feasibility study and process design aided by CAE (Computer Aided Design) to
confirm hydroformability in details. Overall possibility of hydroformable chassis 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, performing and hydroforming. In the die design stage, all the components of prototyping tool were
designed and interference with press was investigated from the point of geometry and thinning.
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Fig. 1 Geometry of cross members in the cross member of
engine cradle

Fig. 2 Analyses of cross-section perimeters along the half
symmetry part, (unit: mm)
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Table 1 Results of the preliminary analysis

Corner radius, min. 10.0 mm
Tube size (determined) 63.5 mm
Thickness of tube wall (given) [ 2.3 mm
Max. force to seal tube ends 38.7 ton
Force to move materials at tube ends 25.1 ton
Force by the friction 35.9 ton
Calibration pressure, min. 1,419.4bar
Axial force for feeding 99.7 ton

Table 2 Mechanical properties of tube material

E,GPa |YS,MPa|TS,MPa | UEL % | T.El,% n

210 365 473 16.3

314 0.15

+ E: Young’s Modulus, YS: Yield Strength, TS: Tensile Strength, U.
El.: Uniform Elongation, n: Strain Hardening Exponent
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Fig. 4 Preforming die & side slider for tube crushing
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Fig. 5 Hydroforming die cavity and tube
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Fig. 6 Predicted geometry and distribution of thinning after
hydroforming process

(a) Iso-view

rr
)
i
H
ACH
[
ol
(i
4
z
i
O e
i3
B
=
o
S
2
=
S

ox 1z m{o ol
OBL F[O F‘{E

S-(max. thinning)o] 30% ©
o] Ao 310] o Zxof,

2L
—1 =
(axial feeding)—°—6 Y oF 10 mm4] 7}ste] JAaa
[e3]
AN

7}‘6‘}-01] ?‘)‘]—O]EEE“Q o] %}E_% Lo gy g (b) Top-view
FAHLLE BEE 24T 2% Hu 54 242 Fig. 7 Overall die design including press column

Transactions of the Korean Society of Automotive Engineers, Vol. 17, No. 2, 2009 101



A7IF - 0188 - vijchY - MEA - WLt - AolM

(axial cylinder) 5¢] T3 #FE2 4P F
dol A= 58 ZA9 Zyage] 714 o
F5 HtEA] gl ofo) 3= Fig. 79 YEh}E
ol &3] T2 AP M REol Qe AL

&4 sick

4. sloj==2-=9) ME U H2E HyE

Fig. 72 H7A1E S8 & o| &3} sloj=2-¥ 1
AL Pl on AP AN s e EHE
EZolobR(iryout) 4 & T3t A F2) AH & o
4A1ZA T} Fig. 82 Egfolo}2-& Falo] 4y ¢
F ol =2 FRE el stol=2 7]
FAANA FAZLFE £0)7] Y5t FBO <
B 10 mm 4 H g 3kgc}

P

Ll

Fig. 8 Hydroformed part

5. aliA{Zne}l Alsznlo] Hlw

Fig. 9= ¥ FolA FAE 324 dlo) A 27
2 ZA4% AAE Jehgl o] 23498 ¥ 34
YERATE 2427 H 4 FAE=2.04mm 30 §
Aolr 2 A= Alg o)A At A3 o
T Atk F 39 &4 Aol Bi= ufe} 7o) 4
Az} thn] H o Apol = 2.45% 2 JERGon, Al B
ol d vl @A zel F AX S & Utk

Fig. 9 Positions where the thickness is measured on the
hydroformed part

102 si=xsxIsts=27 MUA H235, 2009

Table 3 Calculated and measured thickness

Position Measured Calculated Deviation

i 2.05 mm 2,00 mm 2.43%

2 2.28 mm 229 mm -0.44%

3 2.04 mm 199 mm 2.45%

4 229 mm 228 mm 0.44%
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