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Abstract. Superplastic behavior of a high-strength 7475 aluminum alloy subjected to intense plastic
straining through equal-channel angular extrusion (ECAE) was studied in tension at strain rates
ranging from 1.4x107 to 5.6x10” s™ in the temperature interval 400-450°C. Microstructure of the
7475 aluminum alloy after ECAE was non-uniform. Volume fraction of fine grains with average
size of about 1.2 um was ~60%. These grains alternate with elongated grains having longitudinal
size of ~5 um. The highest elongation-to-failure of ~470% was attained at a temperature of 425°C
and an initial strain rate of 1.4x10™ s with the corresponding strain rate sensitivity coefficient, m,
of 0.37. It was shown that the main feature of superplastic behavior of the ECAE processed 7475
aluminum alloy is an extensive strain-hardening at initial stages of superplastic deformation
attributed to instability of microstructure.

Introduction

The 7475 aluminum alloy (AA7475) is very popular for manufacturing of complex airframe
parts due to its high strength combined with sufficiently fracture toughness, fatigue and ductility.
The fabrication of frames and thin-walled panels for acrospace applications requires enhanced
workability which can be achieved by making this material superplastic [1,2]. Thin sheets from the
AAT7475 with fine grained structure are currently produced by conventional thermomechanical
processing [2]. The alloy with such the structure exhibited high formability under superplastic
conditions [2,3]. However, the utilization of this technology in industrial applications is currently
limited because of the relatively high temperatures and low strain rates associated with highest
superplastic ductilities of the AA7475 [2,3]. The industrial applications of superplastic forming of
the AA7475 could be significantly enhanced if the optimum superplastic properties were attained at
higher strain rates (>10%s™). In addition, the conventional thermomechanical processing is not
suitable for producing ultrafine grain structure in large bulk billets of the AA7475.

Recently, it has been shown that in numerous aluminum alloys the grain size may be
significantly reduced by imposing an intense plastic strain through the process of equal-channel
angular extrusion (ECAE) [4-8]. This technique is highly suitable for achieving superplasticity in
bulk billets of aluminum alloys. Aluminum alloys having such an ultrafine or even
submicrocrystalline structure are capable to exhibit superplastic ductilities at higher strain rates or
lower temperatures [4-8].

The present study was initiated to evaluate the potential for using ECAE to attain a fine grain
size in the AA7475. The aim of present experiments is to show that ECAE may be used to achieve
high strain rate superplasticity at relatively low temperatures in the AA7475.









length (Fig.3). Notably the ECAE processed AA7475 exhibits low values of yield stress comparing
with peak stresses.

Elongation-to-failure, J, and the strain rate sensitivity coefficient, m, as a function of strain rate
are plotted in Fig.4. The maximum ductility of 470% with the corresponding strain rate sensitivity
coefficient of about 0.37 was obtained at relatively high strain rate of 1.4x102 s™. Both increase and
decrease strain rate lead to decreased m and § values.

The elongation-to-failure at an initial strain rate of 1.4x10 s™ as a function of temperature is
given in Fig.5. The maximum elongation appeared at 425°C and tended to reduce both with
increasing and decreasing temperature. Notably, at T>425°C, the elongation-to-failure sharply
decreased to 180%.
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Figure 4. The variation in elongation-to-
failure, & and coefficient of strain rate
sensitivity, m with strain rate.

Figure 5. The coefficient of strain rate
sensitivity, m, and elongation-to-failure, &, as
a function of temperature at €~1.4x 102 s

Microstructural evolution. The microstructural evolution of the AA7475 was examined under
conditions of static annealing in grip section and during superplastic deformation, i.e. dynamic
annealing in gauge section, in the temperature range 400-450°C at an initial strain rate of 1.4x107 s
' 1t is seen that initial grains tend to grow under static annealing in the temperature range of 400-
450°C (Table 1). Remarkable growth the fine recrystallized grains belonging to the first structural
component is observed at T>400°C. In the same time, average size of overall grains increases
insignificantly with temperature.

Superplastic deformation leads to significant growth of the fine recrystallized grains. Grains
belonging to the second structural component are essentially stable under superplastic conditions;
transformation of low-angle boundaries to true high angle boundaries takes place within the
elongated grains (Fig.6b). In general, superplastic deformation leads to an increase of average grain
size by a factor of 2 or even higher (Table 1). As a result, fraction of high-angle boundaries attains

90% at 425°C and £€=1.4x107 s, It is apparent, that extensive initial strain hardening is attributed
to grain growth under dynamic annealing [2]. Dynamic grain growth terminates superplastic flow
and restricts superplastic ductilities.

Cavitation under superplastic deformation in the AA7475 was measured on the samples pulled to
failure at an initial strain rate of 1.4x107 s™ and various temperatures (Table 1). In the temperature
range 400-450°C the AA7475 exhibited limited cavitation. Cavities have a jagged shape suggesting
the plasticity-controlled cavity growth mechanism [9]. Typical example of cross-sectional view of
the specimen pulled to failure at optimum conditions of superplastic deformation is shown in
Fig.6c. One can see that the cavities form short stringer toward tension direction. Careful
observation of the specimen cross-section near fracture surface showed that the formation of
bridges between cavity stringers in the transverse direction was not found. Notably, the volume
fraction of the cavities is less than 2% at all condition of the superplastic deformation examined.






It should be noted that the moderate values of the elongations-to-failure are attributed to
heterogeneous microstructure produced by ECAE at the present conditions. Therefore, it can be
expected that the optimization of the parameters of the initial heat treatment as well as the ECAE
processing route, such as temperature, path or strain rate, can lead to uniform microstructure
providing enhanced superplastic ductility in the AA7475.

Conclusions

1. A 0.16%Zr modified AA7475 was subjected to ECAE at 300°C with a total strain of 16. This
processing resulted in non-uniform microstructure with an average grain size of about 2 um.

2. The highest elongation of 470% was recorded at temperature of 425°C and a strain rate of
1.4x107% s with corresponding strain rate sensitivity coefficient, m, of 0.37.

3. Superplastic deformation led to significant grain growth and limited cavitation. Average
grain size was about 2.6 um after 470% elongation at 425°C. Volume fraction of cavities
was about 2%.
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