Superplasticity in a 7055 aluminum alloy
subjected to intense plastic deformation
R. Kaibyshev, T. Sakai, I. Nikulin, F. Musin and A. Goloborodko

Superplasticity in a 7055 aluminum alloy subjected to intense plastic straining through equal channel angular
extrusion (ECAE) was studied in tension over a range of strain rates from 14x10 > to 56x10 *s ' in
the temperature interval 300-450°C. The alloy had a grain size of ~1 pm. A maximum elongation to failure of
~750% occurred at a temperature of 425°C and an initial strain rate of 5-6 x 10~ s~ ', with a strain rate sensitivity
coefficient m of about 0-46. The highest m value was ~0-5 at a strain rate of 14 x 10 3s ! and T>=425°C.
Moderate superplastic properties with a total elongation of about 435% and m of ~0-4 were recorded in the
temperature interval 350-400°C; no cavitation was found. It was shown that the main feature of superplastic
behaviour of the ECAE processed 7055 aluminum alloy is a low yield stress and strong strain hardening during the
initial stages of superplastic deformation. Comparing the present results with the superplastic behaviour of the
7055 Al subjected to thermomechanical processing (TMP), the highest tensile elongation in the ECAE processed
material occurred at lower temperatures because ECAE produces a finer grained structure. MST/5543
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Introduction

The aerospaceindustry has a great interest in the novel 7055
aluminum alloy (denoted 7055 Al herein) for the fabrication
of complex parts due to its high strength combined with
sufficiently high fracture toughness, fatigue, ductility and
corrosion resistance.! These advantages make for efficient
application of 7055 Al as a structural material for upper
wing elements of airplanes. However, the fabrication of
frames and thin walled panels requires enhanced work-
ability, which can be achieved by making this material
superplastic. It is known,>® that aluminum alloys having
grain sizes less than ~ 10 pm are capable of achieving high
superplastic ductility.

The utilisation of superplastic formingtechnologyin large
bulk billets is currently limited because of difficulties in
producing ultrafine grain structures? Commercial 7055 Al
produced by ingot metallurgy has an average grain size of
~100 pm.* A complex thermomechanical processing
(TMP) regime was developed recently to achieve super-
plasticity in this material*?® However, this technique has
two important limitations. First, this TMP provides fine
grained structure in sheets with a thickness less than 2 mm.*
Second, this two-step TMP*® resulted in a partially
recrystallised structure consisting of larger grains with a
size of ~11 pm and recovered subgrains with a mean size of
2 pm. The volume fraction of recrystallised grains was
about 64%.*° Therefore, it is necessary to develop a new
TMP to produce 7055 Al having a fully recrystallised
structure and finer grains.

It was shown,® % that equal channel angular extrusion
(ECAE) is capable of producingsignificant grain refinement
in aluminum alloys due to the occurrence of dynamic
recrystallisation during intense plastic straining in simple
shear. Aluminum alloys subjected to ECAE with large
strains can exhibit high superplastic properties? ~° Thus,
the main aim of the present study is to achieve super-
plasticity in bulk billets of 7055 Al using ECAE processing.
There is much interest in the application of moderate strain
to produce an ultrafine grain structure in 7055 Al, as this
could be extremely important on economic grounds.

The present work is a continuation of studies on 7055 Al,
with the intention of evaluating its potential for super-
plasticity. A second objective is to provide a direct com-
parison of ECAE and TMP in the development of
superplastic capability of 7055 Al.

Material and experimental procedure

7055 Al with the chemical composition (wt-%) Al—8-2Zn—
2:1Mg-2-2Cu-0-2Zr —0-09Mn —-0-09Fe - 0-07Si— 0-04Ni—
0-02Ti—0-08Cr was manufactured by direct chill casting
and then homogenised at 470°C for 24 h and cooled in air.
The surface of the alloy ingot 250 mm in diameter and
1200 mm in height was shaved to remove ~ 15 mm. Bars
with dimensions 25 x 25 x 120 mm were machined from the
central part of the ingot parallel to the major direction and
then ground into rods with diameter 20 mm and length
100 mm. These rods were deformed to a true strain of 4 by
ECAE at 300°C by repeated pressing without any rotation
of the sample, i.e. route A.”® An isothermal die with a
circular internal cross-section and an L shaped configura-
tion with angles ¢ and ,*® both equal to 90°, was used for
the extrusion. Deformation through this die produced a
strain of about 1 on each passage.’~® Following the ECAE,
tensile samples of 6 mm gauge length and 1-4 x 3 mm’
cross-section were machined from the extruded rods; the
tensile axis was parallel to the former extrusion direction of
the pressed rods. These samples were tensile tested to failure
at temperatures ranging from 300 to 450°C and strain rates
ranging from 1-4 x 107> to 56 x 1072 s~!. Other details of
mechanical tests were described in earlier reports*”
Samples were analysed by optical metallography and
transmission electron microscopy (TEM) using procedures
given in detail in previous works.*® In the present study,
samples tested to failure were sectioned in planes containing
the longitudinal (tension) and long transverse directions,
and the microstructural evolution was examined under
conditions of static annealing in grip sections and dynamic
annealing in gauge sections at a strain rate of 1-4 x 107° 57!
in the temperature range 300-450°C. Cavitation was





















