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Strain Rate Dependence of Dynamic Flow Stress of 6061-T6 Aluminum Alloy
at Strain Rates Ranging from 1 x 10° to 4 x 10%s™!

Kiyotaka Saivo *

In order to evaluate the strain rate dependence of the dynamic flow stress of 6061-T6 aluminum alloy, strain rate
reduction tests are conducted in the strain rate range from about 2 x 10¢ to 4 x 10%s™, which is the strain rate range
before reduction, and the reduction in strain rate is 58.6%. To eliminate an effect of elastic wave dispersion produced
in a bar on the measured flow stress, a output bar being 2mm in diameter is employed. A steep increase in the flow
stress was observed at the strain rate of about 2 x 10%s™%. A simplified model for dislocation kinetics under dynamic
plastic deformation is used which can represent a transition in the rate controlling mechanism of dislocation motion
from a thermally activated process to a viscous drag. It is comfirmed that the steep increase in the flow stress of 6061-
T6 observed at the strain rate of about 2 x 10*s™ is attributed to the rate dependence of the viscous drag on the dis-
location motion and furthermore, the increase in the mobile dislocation density lowers a velocity of moving disloca-
tions and shifts the transition region, or the strain rates in which the steep increase in the flow stress becomes to

appear, to the higher strain rate side.

Key words : 6061-T6 Aluminum alloy, High strain rate test, Strain rate reduction test, Thermally activated
process, Viscous drag, Phonon, Transition in rate controlling mechanism, Moving dislocation

density
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Table 1 Chemical composition of 6061 aluminum alloy. (wt %)

Si Fe Cu Mn Mg Cr Zn Ti
060 034 029 005 099 020 004 0.03
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(a) Nominal flow stress vs time curves.
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(b) True flow stress vs strain curves.

Fig. 1 Response of flow stress to sudden reduction in
strain rate ranging from 1.08 x 10* to 4.47 x 10°s! and
flow stress at constant strain rate of 1.04 x 10%™.
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(b) True flow stress vs strain curves.

Fig. 2 Response of flow stress to sudden reduction in
strain rate ranging from 1.79 x 10 to 7.41 x 10°s! and
flow stress at constant strain rate of 1.81 x 10%s.
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(b) True flow stress vs strain curves.

Fig. 3 Response of flow stress to sudden reduction in
strain rate ranging from 2.48 x 10* to 1.03 x 10°s! and
flow stress at constant strain rate of 2.46 x 10%s1.
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(b) True flow stress vs strain curves.

Fig. 4 Response of flow stress to sudden reduction in
strain rate ranging from 4.10 x 10* to 1.66 x 10%s! and
flow stress at constant strain rate of 4.16 X 10%s.
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Fig. 5 Flow stress drop obtained from every rate reduction
test at strain rate ranging from 1 x 10 to 4 x 10%,
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Fig. 6 Comparison of measured flow stress curve with
the predicted one in the strain rate range from
about 1 x 10 to 4 x 10%s1.
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Fig. 7 Relation of moving dislocation density to steep
increase in flow stress at high strain rates for 6061-O,
6061-T6 and 5n Al respectively.
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Fig. 8 Comparison of strain rates in which steep increase
in flow stress determined from this experiment with
that obtained by Yadav et al.
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