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Effect of low strain rate on formability of aluminium alloy 2014 by means of torsion test was performed. The
presented experimental results exhibit decrease of the ductility with increase and decrease of ¢ and T, respec-
tively, and optimal values of ¢, T are thus obtained.
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Ucinak niske brzine deformacije na obradivost aluminijske slitine. Odredivan je ucinak niske brzine de-

formacije na obradivost aluminijske slitine 2014 pomocu torzionog ispitivanja. Prikazani rezultati ispitivanja
ukazuju na opadanje sposobnost obradivosti slitine s porastom odnosno opadanjem ¢ i T. Isto tako dobivene

su optimalne vrijednostiza¢i T.

Kljucne rijeci: aluminijska slitina, torziono ispitivanje, krivulje naprezanje - deformacija, obradivost

INTRODUCTION

Aluminium alloys find a wide variety of uses because
of its remarkable combination of characteristics such
as the low density, the high corrosion resistance, high
strength, easy workability and high electrical and heat
conductivity [1, 2].

The torsion test is one of the mostly used methods
for the evaluation of the deformation behaviour of met-
als. Traditionally is used to provide basic data for the
characterization of the mechanical properties of metallic
materials under shear [3].

The torsion test provided hot ductility as dependent
on temperatures and strain rates. The hot formability of
aluminium alloys has been extensively evaluated in recent
years by means of torsion test performed in a wide rage
of temperatures (473 K to 773 K) and strain rates (10~ to
10s™) [4-8].

The basic indication, which specifies of torsion test
for formability criterion is number of twists to the frac-
ture, N. The criterion for strengthened characteristics is
torque, M,.

The torque-twist (torque - number of revolutions) (M,
— N) dates were converted into stress-strain (o — €) curves
using [9 - 11]:
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ﬁM;‘ (3+m+n),
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where:

o - stress/ MPa,

M, - torque /N-mm,

r - the radius of specimens /mm,
n - strain sensitivity /—,

m - strain-rate sensitivity /—;

78(lan> 78(lan)
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where:
€ - strain rate /s,
T - temperature /°C;
- 2wrN
L 3)
where:
€ - equivalent strain /—,
R - outer diameter of the twisted specimen /mm,
N - number of twists (revolutions) at torsion /—,
L - gauge length of the twisted specimen /mm.
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The paper deals with evaluation of hot formability of
the 2014 alloy, which was performed by torsion test.

MATERIAL AND EXPERIMENTAL PROCEDURE

The aluminium alloy 2014 had following chemical
compositions, Table 1.

Table 1. Chemical compositions of the aluminium alloy 2014
Tablical. Kemijskisastavaluminijske slitine 2014

Al Cu Mn Si Mg Fe Zr Ti
Balance| 4,32 | 0,77 | 0,68 | 0,49 | 0,29 | 0,12 | 0,03

Specimens for torsion tests 10 mm in diameter with
a length of 20 mm were machined from extruded rods,
Figure 1. The hot torsion test was performed on torsion
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Figure 1. The shape and dimensions (in milimetres) of the torsion
specimen

Slikal.  Oblik i dimenzije (u milimetrima) uzorka (probe) za tor-
ziona ispitivanja

machine at deformation temperature 300, 400 and 500
°C. Temperatures were measurement by means of a ther-
mocouple. The specimens were mounted in water-cooled
grips. The specimens were heated by induction in air with a
heating rate of 1 °C/s, held for 3 min at the test temperature
before the deformation was applied and then deformed to
fracture at equivalent strain rates of 103, 102 and 10 s.
The samples were kept fixed in the axial direction during
the deformation. The final deformation during the continu-
ous test provides information on material formability. All
specimens were water-quenched immediately after the
deformation.

The hardness measurements were performed using
a Vickers hardness tester with a load of 10 kg for 15 s.
Hardness values were averaged over five measurements
taken at different points on the cross-section.

EXPERIMENTAL RESULTS AND DISCUSSION
Microhardness
The microhardness curves are illustrated in Figure 2.

Analysis of the figure reveals that in the samples tested at
deformation temperature the variation in hardness is quite

158

similar tendency. Microhardness values is markedly higher
at deformation temperature 500 °C.

The results were achieved corresponding with measure-
ments data of Bardi [12]. Sadeler et al. [13] have concluded
that using a homogenisation treatment was acquired with
increasing homogenisation temperature the hardness of
materials increases.

On the other hand, Totik et al. [14] observed that the
hardness of materials decreases with increasing homogeni-
sation temperature. This can be explained most probably
due to wide stacking on the score of a small amount of the
alloy elements of AA 2014 alloy. Phase CuAl, were solute
over temperature of 450 °C [15].

Totik and Gavgali [16] have found that microhardness
decrease with increased deformation temperature until 450
°C, this result is in agreement with studied by Wouters et
al. [17] and Spigarelli et al. [18].
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Figure2. The microhardness curves of aluminium alloy 2014
Slika2.  Krivulje mikrotvrdoca aluminijske slitine 2014

Stress-strain curves

The results of hot torsion test were stress-strain curves.
The stress-strain curves are illustrated in Figure 3.

Every curve shows a rapid increase in the stress to a
peak (maximum) value, followed by a gradual decrease
towards a steady state regime which is not reached before
fracture as also presented in [17].

The lower deformation temperature was considered to
be optimal; this assumption confirmed also in [11], who
recorded similar results at temperature 350 °C, as well as,
especially like a materials, in literature [12]. The maxi-
mum ductility had recorded at temperature 300 °C, with
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increasing deformation temperature the decrease material
ductility. Curves divided to four group according to view of
deformation rate. The similar behaviour of curves observed
at deformation temperature 300 °C at a smallest deforma-
tion rate of 10 and 1072 s, respectively. Curves show a
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Figure3. The stress-strain curves of hot torsion test
Slika3.  Krivulje naprezanje - deformacija torzionog ispitivanja u
toplom stanju

rapid increase in the stress to a peak value, followed by a
gradual decrease towards a steady state regime which is not
reached before fracture. Results of first group corresponding
with results in [12]. The shape of curve has been markedly
changed with increasing test temperature. The curve has a
convex shape. The curve has a cyclic character at a medium
deformation rate of 10" s™'. The oscillation of curve has been
associated according in [18] with grain softening. These
shapes exhibited cyclic variety of hardening and softening,

respectively.

P 4 Table 2. Relationship of fra-
cture strain ¢, vs. te-
mperature and str-
ain rate

Tablica2. Odnos prijelomne
deformacije ¢, pre-
ma temperaturi i

Fracture strain

Fracture strain is gener-
ally considered to represent

ductility of the experimental brzini deformacije
material. The relationship of

fracture strain ¢, vs. defor- T/°C|s,/MPa| g /-
mation temperature 7" and 300 | 66 | 2.8

deformation rate ¢ is shown 10°
in the Table 2. Evaluation |/s”
of fracture strain is not so
simple because it varies

400 36 2,0
500 16 1,5
300 72 4,7

sensitively with the speci- /l(s)l 400 44 2,3
men shape and dimension, 500 21 1,7
but if careful evaluation is 300 36 6.3

carried out, fracture strain 10
can be a reliable measure for /s
ductility of metals.

400 55 3.3
500 29 1,0
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The figure illustrates clearly the improvement in duc-
tility with rising test temperature. The ductility increases
with decreasing deformation temperature 7 and increasing
deformation rate €. The highest value of fracture strain ¢
achieved at deformation temperature 350 °C. The smallest
experimental scatter showed deformation rate 107 s7'.

CONCLUSIONS

The result shows that the experimental stress-strain
curves were not reached a steady state regime. The inves-
tigation was recorded only gradual curves decrease up to
fracture of materials. On the basis graphically relation-
ships of stress-strain curves is optimal conditions for hot
workability of aluminium alloy 2014 in accordance low
deformation regime is deformation temperature, 7= 300
°C, and deformation rate, € = 103 s7L.
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