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EXPERIMENTAL STUDY OF STRAIN-RATE-DEPENDENT BEHAVIOR OF
ALUMINUM ALLOY 5083-H321

Vladimir MILOVANOVIC!, Jelena ZIVKOVICY, Vladimir DUNIC?, Miroslav ZIVKOVIC!

1

University of Kragujevac, Faculty of Engineering, Sestre Janji¢ 6, 34000 Kragujevac, Serbia, E-mail:

vladicka@kag.ac.rs; jelena.zivkovic@kg.ac.rs; dunic@kg.ac.rs; miroslav.zivkovic@kg.ac.rs

1. Introduction

Aluminum alloy 5083 has high corrosion
resistance, especially in seawater, excellent
weldability, high strength, and toughness, and is
used in shipbuilding, rail, automotive, and aviation
industries [1-3]. Generally, aluminum alloy 5083 is
processed by rolling, extrusion or forging and can
have different mechanical properties in different
rolling directions. The disadvantage of this
aluminum alloy is the appearance off the
phenomenon of serrated yielding or serrated flow,
also known as the Portevin-Le Chatelier (PLC)
effect [4], [5]. It represents the phenomenon of
discontinuous yielding of certain materials during
tensile testing and occurs only at certain strain-rates
and temperatures.

The aim of this paper is to point out the change
in the mechanical properties of AA 5083-H321
depending on the direction of rolling and the rate of
deformation.

2. Experimental setup

The AA 5083-H321 was used for this
experimental study. The chemical composition (in
terms of weight %) of AA 5083-H321 is obtained
using spark emission spectrometry SpektroLab M12
and is shown in Table 1.

Table 1. Chemical composition of the examined AA
5083-H311 specimens (wt %

Si Fe Cu Mn
0.121 0.3 0.045 0.901
Mg Cr Zn Ti
4.957 0.083 0.011 0.011

The specimens for determination static strength
properties of AA 5083-H321 wused in the
experimental program, are prepared according to
standard EN ISO 6892-1 [6] and ASTM E8M-01 [7]
Uniaxial tensile tests are performed on
representative flat specimens, with the same
thickness in all cross-sections to investigate the

static strength properties. The uniaxial tensile tests
of specimens for determination of static strength
properties  (mechanical characteristics) were
performed on servo-hydraulic testing machine
SHIMADZU type EHF EV101K3-070-0A. The
uniaxial tensile tests are carried out in accordance to
EN ISO 6892-1 [6] and ASTM E8M-01 [7] at room
temperature (23+5°C) for strain rates:

e 10°s? (stroke control rate of 0.03 mm/min);

e 10*s? (stroke control rate of 0.3 mm/min);

e 103s? (stroke control rate of 3 mm/min);

e 102s? (stroke control rate of 30 mm/min),
without change speed of testing.

The extensometer MFA25 (MF Mess &
Feinwerktechnik GmbH, Velbert, Germany) with a
gauge length of 50 mm is used to determine the
Young modulus and elongation.

3. Results and Discussion

The stress—strain responses are recorded under
uniaxial tensile testing for all tested specimens.
According to experiment setup described in Section
2 we had 4 strain-rates for directions 0°, 45° and 90°
to the rolling direction of the plate, respectively.
According to obtained results of testing anisotropy
of tested AA 5083-H321 in terms of rolling
direction and strain-rate is observed.

For the demonstration of anisotropy of tested AA
5083-H321 in dependence of rolling direction and
strain rate two combinations were used. The results
of testing for the “first” combination for
demonstration of anisotropy caused by strain-rate,
for the direction at an angle 45° in relation to the
rolling direction, are shown in Figure 1.

Figure 1 shows that obvious serrated flow
phenomena, also known as Portevin-Le Chatelier
(PLC) effect, occurred in the stress-strain flow
curves of all of the tested specimens at higher value
of strain-rate, except for the specimens that are
tensile deformed at a strain rate of 105s (stroke
control rate of 0.03 mm/min). Figure 1 shows also
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the anisotropy of AA 5083-H321 regarding the
difference in the strength, where 30 mm/min curve
is lower than the other three. Curves 0.3 mm/min
and 3 mm/min are almost coincident and have the
same value of failure strain. Specimen tested with
the highest value of strain-rate has the smallest
strain, and the largest ones tested with strain rate of
10°st (stroke control rate of 0.03 mm/min).

400

% 150 H321 45°
— 30 mm/min
100 —— 3 mm/min
50 —— 0.3 mm/min
0 —— 0.03 mm/min
0 5 10 15 20 25 30

Strain [%]
Fig. 1. Stress—strain curves for different strain-rates.

The results of testing for the “second”
combination for demonstration of anisotropy caused
by rolling direction, for strain-rate 10 s* (stroke
control rate of 0.03 mm/min), are shown in Figure
2.

H321 0.03 mm/min.
100 — e

90°
T b

0 5 10 15 20 25 30
Strain [%]

Fig. 2. Stress—strain curves for different direction of
rolling.

Figure 2 shows the anisotropy of AA 5083-H321
regarding the difference in the strength, where 45°
curve is lower than the other two. The curve from
the 45° direction has the highest value of failure
strain. The curve from the 0° direction is slightly
higher than the curve from the 90° direction in yield
region, but there is a big difference compared to the
45° direction curve. Specimens cut in the rolling
direction have significantly the smallest strain and
still serrated flow phenomena - PLC effect. The
highest stress was achieved by testing the specimens

cut at 90° direction and the lowest in the direction at
an angle 45° in relation to the rolling direction.

4. Conclusions

In this paper behavior of AA 5083-H321 with
different directions of rolling and the rate of
deformation was investigated. The main results can
be summarized as follows:

e The PLC effect occurred in the stress-strain
flow curves of all of the specimens, except
for the specimens that are tensile deformed
at a strain rate of 10°s2,

e Specimens with the lowest value of strain-
rate have the higher value of tensile strength
and strain.

e Specimens cut in the direction at an angle
45° in relation to the rolling direction have
the highest value of failure strain, but the
lowest value of tensile strength.
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