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Hydro-forming Process Control and Design Concept of Automotive
Rear Sub-frame Components Through Cross Sectional Analysis
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Abstract Hydro-forming technology has spread dramatically throughout automotive industry over the last 20 years.
This technology has many advantages for automotive applications in terms of better structural integrity of the parts,
lower cost from fewer parts, material savings, weight reduction, lower springback, improved strength, durability, and
design flexibility. In this study, various simulation technologies were developed to investigate the formability of
hydro-forming components. Through this technology, to establish the effective forming process for appropriate
components design, the bending process, pre-forming process, die closing process, etc. were considered for good
forming. This paper proposes the forming amount, section length (corresponding to the hydro-forming press capacity),
and minimum curvature (curvature effect evaluation according to the hydro-forming pressure) among the
considerations in the design of the hydro-forming part. In addition, a design method is proposed for hydro-forming
molding by carrying out cross section analysis of a real sub-frame part for automobiles. The effects of pre-bending,
axial feed, hydraulic pressure, press load, and friction among the hydro-forming process parameters were analyzed.
Therefore, whether these processes are necessary factors for hydro-forming were examined.
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Fig. 2. Bending apparatus for hydro-forming[3].
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Fig. 1. Relationship between internal pressure and wall
thickness.
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(b) side members and rear cross member

Fig. 3. Geometry of (a) rear sub-frame and (b) side
members and rear cross member.
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Fig. 4. Analyses of cross sections of side member along
the part, (unit: mm) [4].
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Fig. 5. Predicted geometry and distribution of thickness
after hydro-forming.
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Fig. 6. Geometry of rear cross member
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Fig. 7. Analyses of cross sections of cross member
along the part, (unit: mm).

Table 1. Calculation results of press capacity security
in case of rear cross member

Comer radius, min. 10 mm
Tube size (determined) 88.9mm
Thickness of tube wall (given) 2.8 mm
Max. force to seal tube ends 96.9 ton
Force to move materials at tube ends 43.0 ton
Force by the friction 88.3 ton
Calibration pressure, min. 177.8 MPa
Axial force for feeding 228.1 ton

Fig. 8. Geometry of pre-forming die for rear cross
member part.

Fig. 9. Geometry of hydro-forming die for rear cross
member part.
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