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La contrainte d’€conlement et la ductilité de certains alliages d’aluminium (1050, 3003, 3004, 5182
et 7NO1) ont été déterminées en fonction de la vitesse de déformation entre 103 s~1 et 4-103 s~ 2
température ambiante. La contrainte d’écoulement maximum des alliages 1050 et 3003 augmente
avec la vitesse de déformation, alors que celle des alliages 3004, 5182 et 7NO1 diminue quand la
vitesse de déformation augmente dans le domaine de 10~ s~1 4 102 571, Ces trois derniers alliages,
montrant un comportement particulier, contiennent des atomes de magnésium en solution. L’évolu-
tion de la contrainte d’écoulement de ces alliages semble influencée par 1’intéraction entre les ato-
mes de magnésium et Ies dislocations. I’allongement 4 la rupture augmente avec la vitesse de défor-
mation pour tous ces alliages, sauf pour le 7NO1.

Abstract - The flow stress and ductility of some commercial aluminum alloys
(1050, 3003, 3004, 5182 and 7NO1) have been investigated as a function of
strain rates over the range from 1x10- to 4x10%! at room temperature. The
maximum flow stress of both 1050 and 3003 alloys increases with increasing
strain rate , but the maximum flow stress of 3004, 5182 and 7NO1 alloy
decreases with increasing strain rate in the low and intermediate ranges from
1x103to 1x102s!. The above three alloys which showed the particular behavior
of flow stress in this strain rate range contain magnesium atoms in solute. So,
this behavior of flow stress in these alloys seemed to be concerned with the
interaction between magnesium atoms in solute and dislocations. The
elongation in failure increases with strain rate for most of the present alloys
except for the 7NO1 alloy.

1-INTRODUCTION

Recently many kinds of commercial aluminum alloys have been used in press forming,
and the forming rates in use are in the strain rate range from 1 to 100 s''. Therefore,
the investigation of the mechanical properties of commercial aluminum alloys in these
forming rates is important to use these alloys appropriately.

It is well known that the change of flow stress of aluminum[1] and aluminum alloys(2]
with strain rate at room temperature is negligible in a low strain rate range below
10! s!; but the flow stress increases rapidly with strain rate in high strain rate ranges
over 10%s’!. A few reports about mechanical properties for aluminum alloys, however,
were made for the strain rate ranges from 10! s to 10%2s'[3]. Therefore, the flow stress
and ductility of some commercial aluminum alloys(1050, 3003, 3004, 5182 and 7NO1)
have been investigated asa finction of strain rates over the range from 1x10-2 to 4x10°
s at room temperature.
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2-EXPERIMENTAL PROCEDURE

The chemical composition of the commercial aluminum alloys used in this study is
given in Table 1. Tensile specimens, machined from hot rolled plates, had their
tensile axes normal to the rolling direction. The gauge length of the specimen is 4.5
mm and the diameter is 3 mm. All specimens were heated to 643 K with a heating rate
of 47 K / hour and then annealed for 2 hours in air. The optical microstructures of these
alloys after annealing are shown in Fig.1l (a)~(e) respectively. The grains were
elongated to the direction of rolling and fiber-structures are observed for all alloys.

(e} 7NO1 allo
Fig.1 The optical microstructures for all alloys after annealing
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Low strain rate tensile tests (1x10° ~1x10's!) were performed with an instron
machine, and intermediate strain rate tensile tests (1x10-'~3x102s!) were performed
with the hydraulic tensile testing machine, and the dynamic tensile tests (4x10?
~4x103s!) were performed using a split Hopkinson pressure bar system which
incorporates a specific attachment. The incremental strain rate tests were performed
by the hydraulic tensile testing machine. This machine has a valve corresponding
proportionally to given voltage. Therefore, using a computer with a controlling voltage
pattern, the constant strain rate tests or the incremental strain rate tests can be
performed.
Table 1 The chemical composition of the commercial aluminum alloys

ELEMENT (wt%)

ALLOY Zn Mg Cu Mn Cr Zxr Ti Fe si
1050 0.27 o0.10
3003 0.15 1.20 0.61 0.27
3004 l1.21 0.15 1.05 0.33 0.17
5182 4.52 0.35 0.03 0.25 0.10
7NO1 4.50 1.71 0.15 0.35 0.16 0.15 ©0.05 ©0.21 0.12

3-RESULTS AND DISCUSSIONS

Typical stress-strain curves for all present alloys are shown in Fig.2 (a}~(e) for several
strain rates respectively. No significant change is observed in the shape of the stress-
strain curves. However, a little difference can be observed between the alloys (1050
and 3003 alloy) containing no magnesium atom and the alloys (3004, 5182 and 7NO1
alloy) containing magnesium atoms in solute. For the alloys containing no magnesium,
the higher the strain rates are the higher the flow stresses in the stress-strain curves.
On the other hand, for the alloys containing magnesium atoms in solute, different
behaviors can be observed. The higher the strain rates are the higher the flow stresses
at an early stage of deformation ( e < 0.05); however, the flow stresses beyond this strain
at the intermediate strain rate of 1 s*! are lower than those in both strain rates below
and over this intermediate strain rate.

The serrations have been observed on the load and displacement curves in the strain
rate range below 102 s-!. But, in the strain rate range over 102 s}, no serration has
been observed. The serrations are caused by the manifestation of strain-aging in some
alloys.[4] Therefore, the decreasing of the stress level in this study seems to be caused
not only by the strain aging.

Fig.3 shows the relationship between the maximum flow stress (the true stress at the
strain which shows maximum load on load-displacement curves) and the strain rate for
all present alloys at room temperature. Two types can be observed in the shape of the
stress-strain rate curves of these alloys. The maximum flow stress of both 1050 and
3003 alloys increases with strain rate; but the maximum flow stress of 3004, 5182 and
7NO1 alloys decreases with increasing strain rate in the range from 10 to 100 s7,
Beyond this strain rate range, the maximum flow stress increases rapidly with strain
rate. These three alloys which show the particular behavior of flow stress include
magnesium atoms in solute. The degree of reduction in maximum flow stress in both
low and intermediate strain rate range increase with increasing the content of Mg.
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Therefore, this behavior of flow stress in these alloys containing magnesium atoms in
solute seems to be concerned with an interaction between magnesium atoms in solute
and dislocations.
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Fig.2 Typical stress-strain curves for all present alloys



C3-345

Fig.4 shows the relationship between the elongations in failure and strain rates. The
elongations in failure increase with increasing strain rate except for 7NO1 alloy.

The increasing ratio of elongation, r =E/E, (E,; elongation in failure at the strain rate
of 10 s, E; elongation in failure at any strain rate) for all alloys was shown in Fig.5 as
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Fig.3 The relationship between the maximum flow stress and
the strain rate for all present alloys
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a function of strain rate. The value of r, increases with strain rate for all alloys except
for 7NO1 alloy. In a high strain range over 10° s? the larger values of r, were obtained
for both 5182 and 3004 alloys. Both alloys contain more magnesium atoms in solute
than the other alloys. Therefore, it seems that the more magnesium atoms in solute
lead the elongation in failure increase. Though 7NO1 alloy also contains the magnesium
atoms in solute, the elongation in failure was not improved to large values at high strain
rates. There are many particles in sub-micrometer size along the grain boundaries for
7NO1 alloy and these particles seem to lead the elongation in failure to a small limited
value.
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Fig.5 The increasing ratio of elongation, r,=E/E, for all alloys
as a function of strain rate
4-SUMMARY

The general conclusions of strain rate dependence on mechanical properties in some
commercial aluminum alloys can be established as follows:

(1) For all the alloys containing magnesium atoms in solute, the maximum flow stresses
decrease with increasing strain rates in the range from 102 tol00 s!. The degree of
reduction in maximum flow stress in both low and intermediate strain rate range
increase with increasing the content of Mg.

(2) For all present alloy, the elongations in failure increase with increasing strain rate
except for 7NO1 alloy.
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