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Flow Curves of Some Aluminum and Its Alloys

Kenji NAKANISHI, Shunpei KAMITANI, Kouki NAKAHARA,
Yoshikazu SHIMIZU and Takehiko MATSUDA

Aluminum and its alloys have preferable properties such as light weight with high strength, excellent
corrosion resistance, excellent electrical and thermal conductivity and good formability. So, plastic
forming of those materials has been applied for the production of many industrial products. In the present
investigation, the authors carried out some series of uni-axial compressive tests to measure the uni-axial
compressive true stress and true strain relations, called flow curves, of Aluminum and its alloys.
Deformation conditions were some combined conditions of strain rate selected in the strain rate range,
1~50s !, and temperature selected in the temperature range , Room temp. ~500°C. In addition, both strain
rate and temperature were constant values in the deformation process of a compressive test. Those flow
curves measured by the above tests reveal characteristics of plastic deformation of Aluminum and its
alloys in cold and hot working processes. Furthermore, an equation of effective stress prediction in the
metal forming processes can be formulated with referring to these flow curve data.
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Table 1 Test conditions.

Specimen Dynamic strain
amplifier
Anvil . . .
)] Dimensions of the test piece:
! | Sub-press Digital memory 10 mm diameter and 10 mm height cylindrical specimen.
l_ Thermo-couple recorder Test result:
Digital I Flow curve (Uni-axial compressive true stress
thermo-meter Computer analysis and true straip relation)
system Deformation condition:

Cam-plasto meter I o dat Both temperature and strain rate are constant values
° in a deformation process.

. - . . Lo Temperature: Room temp.~500°C, Strain rate: 1~50s"!
Fig.1 Schematic diagram of the data agqulSltlon 8ys- Lubricant:  Colloidal graphite (Product name: Oil-Dag)
tem of the flow curves (compressive true stress

and true strain relations).

Table 2 Materials (Chemical compositions and heat treatment conditions).

Materials Chemical compositions (mass%) and Heat treatment conditions

Aluminum (1050) $i:0.07, Fe:0.12, Cu:0.01, Mn:0.01, Mg:0.01, Ti:0.01, Al:Bal.
Annealing (350, 30 min hold and furnace cooling)

Aluminum (1100) Si:0.04, Fe:0.02, Cu:0.01, Mn:<0.01, Mg:0.01, Cr:<0.01, Zn:0.01, Ti:<0.01,
Al:Bal.
Annealing  (350°C, 30 min hold and furnace cooling)

Al-Mn alloy (3003) Si:0.1, Fe:0.4, Cu:0.15,Mn:1.08, Ti:0.005, Al:Bal.
Annealing  (350°C, 30 min hold and furnace cooling)

Al-Mg alloy (5052) Si:0.1, Fe:0.25, Cu:0.07, Mn:0.03, Mg:2.43, Cr:0.23, Zn:0.01, Ti:0.02, Al:Bal.
Annealing (350°C, 30 min hold and furnace cooling)

Al-Mg-Si alloy (6061) Si:0.71, Fe:0.16, Cu:0.19, Mn:0.06, Mg:1.03, Cr:0.09, Zn:0.05, Ti:0.01, Al'Bal.
Annealing (350°C, 30 min hold and furnace cooling)

Al-Mg-Si alloy (6063) Si:0.46, Fe:0.21, Cu:0.02, Mn:0.02, Mg:0.48, Zn:0.01, Ti:0.01, Al:Bal.
Annealing  (350°C, 30 min hold and furnace cooling)

Al-Zn-Mg alloy (7075) Cu:1.65, Mg:2.55, Cr:0.19, Zn:5.65, Ti:0.01, Al:Bal.
Annealing  (350°C, 2 hour hold and furnace cooling)
(Hardness as received Hv=108.2, Hardness as annealed Hv=56.9)
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Fig.3 Flow curves of Al-Mn alloy (3003) measured at

Fig.2 Flow curves of Aluminum (1050) measured at
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Fig.5 Flow curves of Al-Mg-Si alloy (6063) measured at
some constant strain rates and at some constant
temperatures.
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Fig.4 Flow curves of Al-Mg alloy (5052) measured at
some constant strain rates and at some constant

temperatures.
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Fig.6 Flow curves of Al-Zn-Mg alloy (7075) measured
at some constant strain rates and at some con-
stant temperatures.
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Fig.7 Flow curves of Aluminum and Aluminum alloys
measured at some constant strain rates and at
room temperature.
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