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Effect of Heat Treatments on the Hydroformability of Aluminum Tubes

M. Y. Lee*, C. Y. Kang**
*Sungwoo Hitech Technical Institute, Busan 619-961, Korea
**Metallurgical Engineering, Pukyong University, Busan 608-737, Korea

Abstract Because of the social needs for energy saving and the rigid environmental regulation, the develop-
ment of light materials and new economical manufacturing technologies have been actively investigated.
Recently, the hydroforming of high strength aluminum tube has aftracted great interest due to its good strength-
to-weight ratio, which could play an important role in lightweighting of automobile. However, the limited formability
of high strength aluminum alloys is considered to hinder the active application of the hydroforming process. In this
paper, the hydroformability of aluminum tubes with different heat treatments was investigated as the basic
research of the hydroforming process for the high strength aluminum tubes.
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Fig. 1. Schematic of ASTM E8 tensile specimen.

Table 1. Chemical composition of aluminum tubes (wt. %)

Materials Composition

All S {Cuo{Mn|{Mg| Cr |Zn
A2024 | bal. 44106 |15
A7075 | bal. 1.6 25| 023 | 5.6
A6063 |bal.| 04 0.7

Table 2. Heat treatment conditions of aluminum tubes
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Fig. 2. Schematic diagram of vertical type hydroforming
equipment.

Materials Heat treatments Temperature [°C] Holding Time [hr] Cooling
A2024 annealing 420 3 AC*
T4 495 2 WQ**
annealing 420 3 AC*
A6063
T4 512 2 W.Q**
annealing 420 3 AC*
A7075
T4 465 2 W, Q **

* Furnace cooling to 260C —Air cooling
** Water quenching— Natural aging for a week
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Fig. 3. Heat treatment conditions of aluminum tubes
after hydroforming
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Fig. 4. Results for different aluminum tubes on hydro-
forming: (a) relationships between internal pressure and
axial feeding, (b) shapes of crack formation after hydro-
forming in each heat treated specimen.
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Fig. 5. Wall thickness distributions along the circumferer
tial direction.
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Table 3. Mechanical properties obtained from the each
aluminum alloys according to heat treatment before
hydroforming

. : YS TS El
Materials |Heat treatments [MPa] | [MPa] | [%]
A2024 annealing(0) 84 210 | 25.1
T4 246 422 19.7
inealing(O 36 96 38.3
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aling(O 173 324 15.4
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Fig. 6. Mechanical properties of A2024 tube according
to each process step (‘O condition, hydroformed
condition of ‘2024-0° and 'T6' treated condition after
hydroforming 2024-0).
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Fig. 7. Mechanical properties of A6063 tube according
to each process step (‘O’ condition, hydroformed
condition of 6063-0, ‘T6’ treated condition after

- hydroforming 6063-0, ‘T4’ condition and hydroformed

condition of 6063-T4).
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