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Effect of material properties and forming conditions on formability of tubes in hydroforming

Masato Otsuka, Atsushi Sugama, Shigeru Morikawa

Synopsis :

The formability by the tube-hydroforming has been evaluated by the factor of “formable area” defined by both water hydraulic
pressure working on the tube wall and force loaded on the tube along its axial direction. Influences of tube strength, thickness, surface
lubricity and die pattern on the formable area have been investigated. Furthermore, “loading path conditions”; i.e., the way to balance
water hydraulic pressure and force along axial direction, suitable for forming have been experimentally determined.

Main points of the result are as follows :

(1) The better the surface lubricity, the thicker tube thickness and the lower tube strength, respectively, formable area tends to
broaden.

(2) Compared with a rectangle die, the formable area obtained by a square die is narrower, because the tube is subjected to a larger
stretch deformation until the tube contacts with the inner wall of the die.

(3) By using the optimum loading path, decrease in the tube thickness by the forming can be controlled to the minimum.
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Fig.1 Example of cross-section structures of automotive parts.
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Table 1 Chemical compositions of steel used
(mass%)
/\ N
SHRE s C Si Mn P S
(mm)
1.6 0.14 0.10 0.48 0.012 0.003
2.0 STAM440G 0.14 0.10 0.49 0.015 0.005
3.2 0.13 0.10 0.71 0.020 0.004
2.0 STAM290GA 0.05 <0.01 0.24 0.011 0.006
*®2 FEOWMMNIEE
Table 2 Mechanical properties of specimens
¥y — A ESHV
SNH TN )
AT A Wetk i 5 & LBy
W oHiE s (MPa) (MPa) (%) ; —
(mm) (mm) . BE S
1.6 372 476 55 162 267
2.0 STAM440G 392 470 54 157 235
63.5
3.2 429 488 56 169 285
2.0 STAM290GA 278 337 68 121 176
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Fig. 2 Outline of experimental device.
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Table 3 Conditions of hydroforming
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Fig. 3 Cross-section of die.
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Table 4 Details of lubricants
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Fig.4 Appearance evaluation standard of products.
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Fig.5 Determing method of each forming limit line.
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Fig.6 Determing method of formable range.
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Fig.7 Formable range in each materials strength.
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Fig.8 Formable range in each thickness.
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Fig.9 Formable range in each lubricant conditions.
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Fig.10 Contact Condition before or after 30mm in axial feeding length from both pipe edges.
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